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Abstract

Purpose: The purpose of this paper is to investigate how energy consumers evaluate
economic, social, and environmental factors in developing and developed countries, and
to compare developed and developing countries in terms of the impact of these factors on
consumer decisions in dimensions of sustainable energy consumption.

Methodology: To achieve this goal, the authors will use data from a survey conducted
in five countries representing developing and developed economies, and then use hierar-
chical modelling to assess consumer preferences regarding sustainable energy consump-
tion. Findings: The analysis of the results indicates that economic, social and environ-
mental factors play an important role in shaping consumer decisions on sustainable en-
ergy consumption, with their importance varying according to the level of development
of the country. The income and energy price are important factors in both developed and
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developing countries, but more crucial in developed countries. Social factors are perceived
as more important in developing countries. The environmental factors are crucial in de-
veloping and developed countries, but this acceptance was higher and more uniform in
developed countries.

Originality: This study offers a multidimensional framework for understanding sus-
tainable energy consumption. Besides, the authors assess preferences not only for one
group of countries, but also the differences in consumer preferences regarding energy sup-
ply between developing and developed countries. This paper provides empirical evidence
on why the theory of energy and fuel poverty treats this phenomenon separately in relation
to developing and developed countries. Additionally, for the first time during the research
process, the hierarchical modeling method.

Keywords: hierarchical modelling, sustainable development, energy, consumption
preferences, developed and developing countries

JEL codes: C11, C80, P46, Q01, Q43, H41.

1. Introduction

Sustainable development has emerged as a central paradigm guiding socio-economic
policies in the 21st century (Giiler & Aydinbas, 2024). Its ultimate goal is to meet the needs
of the present without compromising the ability of future generations to meet their needs.
One of the key elements of sustainable development is sustainable consumption, which
balances economic, social and ecological goals (Pankov et al., 2021; Saxena, 2024). The
literature highlights the importance of sustainable consumption and the role of human
behaviour in shaping consumption patterns (Hasbullah et al., 2019; Sesini et al., 2020; Stri-
elkowski et al., 2022; Vargas-Merino et al., 2023). Sustainable consumption is recognized as
a complex phenomenon. Previous studies have explored individual motivations and con-
textual influences on sustainable behaviour (Li et al., 2024), often drawing on theories such
as the theory of planned behaviour, norm activation theory, and value-belief-norm theory
(Han, 2021). Several conceptual models have also incorporated socio-psychological and
structural determinants of sustainability-related decisions (Topal et al., 2021), while tech-
nological innovations like virtual reality have been proposed as tools for fostering behav-
ioural change (Zhang & Song, 2022). Due to the growing importance of energy in human
life and the economic development of the country, the concept of sustainable consumption
has also been applied to energy in the literature, where it is referred to as sustainable energy
consumption (Feldhaus et al., 2022; Kumar & Nayak, 2024), which is the consumption of
energy that involves consuming the necessary amount of energy but in an environmen-
tally responsible, socially just and economically viable manner. As energy consumption
continues to grow worldwide and remains unevenly distributed (Sahu & Mahalik, 2025),
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addressing energy-related issues within the framework of sustainable development be-
comes increasingly urgent.

Despite the growing interest in sustainable development and sustainable consumption
in relation to energy, the literature shows significant research gaps. Most of the current
work related to sustainable consumption focuses on behaviors in relation to goods or sec-
tors such as tourism, food, and clothing (Sesini et al., 2020; Han, 2021), while energy con-
sumption patterns or determinants of household energy consumption receive less atten-
tion. Moreover, although numerous studies have highlighted the importance of structural
conditions (Hirth et al., 2023; Vargas-Merino et al., 2023), and there are analyses showing
which factors influence energy consumption levels (Dam & Sarkodie, 2023; Johansson &
Pirouzfar, 2019; Kuhe & Bisu, 2020; Tsemekidi Tzeiranaki et al., 2023; Zaharia et al., 2019;
Zou et al., 2025), there is still a lack of integrated analysis that examines how economic,
social, and environmental factors are jointly valued by households, and how these factors
influence on consumers’ choices concerning energy.

Moreover, there are numerous studies on energy poverty in developing countries (Leal
Filho et al., 2024; Abdi et al., 2025) and, to a lesser extent, in developed countries (Nagaj,
2022), and numerous studies emphasize the importance of structural conditions (Hirth
et al,, 2023; Vargas-Merino et al., 2023), or comparative studies between countries with
similar levels of development. However, there is still a lack of an integrative comparative
analysis that examines how economic, social and environmental factors affect consumers’
energy consumption decisions in different regions of the world, i.e., a comparison between
developing and developed countries.

The purpose of this paper is to investigate how energy consumers evaluate economic,
social, and environmental factors in developing and developed countries, and to compare
developed and developing countries in terms of the impact of these factors on consumer
decisions in dimensions of sustainable energy consumption. To achieve this goal, the au-
thors will use data from a survey conducted in five countries representing developing and
developed economies, and then use hierarchical modeling to assess consumer preferences
regarding sustainable energy use.

This study contributes to the literature in three ways. First, by offering a multidimen-
sional framework for understanding sustainable energy consumption. Since the concept
of sustainable energy consumption includes three dimensions (economic, social, environ-
mental), the preferences of end consumers in relation to energy will be assessed in relation
to economic, social and environmental factors. The authors will propose an assessment
model that will allow, on the one hand, to harmonize these three dimensions of the sus-
tainable approach and, additionally, to examine the share of importance of each of these
dimensions (factors) in the decision-making process. Second, the authors will analyze and
assess whether there are and if so what are the differences in consumer preferences in rela-
tion to energy supply in developing and developed countries. Based on these findings, the
authors will determine in which dimensions there are differences. This may provide empir-
ical evidence why the theory of energy/fuel poverty treats this phenomenon separately in
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relation to developing and developed countries. Third, during the research process and the
factor assessment process, the hierarchical modeling method will be applied, which, to the
authors’ knowledge, has not been used in this research topic so far.

The structure of the paper is as follows. After the introduction, the theoretical back-
ground to the study of the issue is presented, followed by the methods and materials used
in the research process. The next part of this paper is the results, which is continued by
discussions and conclusions that are a collection of the main findings in this paper.

2. Theoretical Background of Analysis
2.1 The concept of sustainable development

According to the concept of sustainable development, development should meet the
needs of present generations without compromising the ability of future generations to
meet their own needs. The literature clearly indicates the three-dimensional nature of
this concept - it includes economic, social and environmental dimensions (Pankov et al.,
2021; Vargas-Merino et al., 2023). Sustainable consumption, which is an integral part of
the sustainability concept, refers to the responsible use of goods and services in a way that
meets basic needs while minimising negative environmental impacts and promoting social
justice (Li et al., 2024). Popular and widely implemented technologies, such as monitor-
ing, artificial intelligence or virtual reality, should be tools that support environmentally
friendly behaviour (Zhang & Song, 2022; Ramli et al., 2024). It is also pointed out that the
integration of environmental issues into science has been somewhat neglected and needs
to be more widely integrated into sustainability issues (Nkaizirwa et al., 2021). Environ-
mentally conscious consumers influence not only the level of consumption, but also the
development of the closed economy (Corbier et al., 2025). As the theory of sustainable
development indicates, contrary to popular opinion, pro-environmental measures such as,
for example, increasing renewable energy consumption do not negatively affect economic
growth (Bhuiyan et al., 2022). Economic and social factors are also important. As indicated
by literature socio-economic factors influence the level of energy consumption (Balsamo et
al., 2023), the development of the energy sector (Siksnelyte-Butkiene, 2021). In the context
of sustainable development, the attention is paid to the proper implementation of technol-
ogy, that is, such that it ensures sustainability and does not cause social exclusion. Popular
and widely implemented technologies, such as monitoring, artificial intelligence or virtual
reality, should be tools that support environmentally friendly behaviour (Zhang & Song,
2022; Ramli et al., 2024).

The literature emphasizes the role of behavioural factors (Nagaj & Zuromskaité, 2021),
using theories such as the Theory of Planned Behaviour (Cosma, 2024), Norm Activation
Theory or Value-Belief-Norm Theory (Han, 2021; Topal et al., 2021). In this way, the role
of consumer behaviour and sustainable behaviour is indirectly indicated. Bolis et al. (Bolis
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et al., 2023) argue that many human factors contribute to sustainable behaviour, and the
interest in sustainable consumption is growing (Hasbullah et al., 2019). An analysis of the
theory of sustainable development indicates that an analysis of development or consumer
behaviour should be based not only on an analysis of the increase in the amount of goods
produced or consumed and economic efficiency, but also on an assessment of the social as-
pect, or whether social exclusion is taking place, and the environment. The analysis should
therefore cover the three dimensions of sustainability together. Despite the growing inter-
est in sustainability theory, there are still significant research gaps in the literature. Most
studies on sustainability or sustainable consumption focus only on sectors such as tourism,
fashion or food (Sesini et al., 2020; Han, 2021; Nagaj & Zuromskaité, 2023), and energy
consumption issues are analysed less frequently. If the literature analyses the situation in
the energy sector or the attitude towards energy consumption, then it focuses only on the
economic and environmental aspects (Podesta et al., 2021; Scurati et al., 2021; Misztal et
al., 2022; Dam & Sarkodie, 2023) or on a combination of social and economic factors (Kuhe
& Danladi, 2019; Makridou et al., 2024). However, there are few multidimensional analy-
ses, and there is a particular lack of analyses that examine the combined impact of econom-
ic, social and environmental factors or how they influence energy decisions.

2.2. Sustainable energy consumption

Sustainable energy consumption (SEC) is the application of sustainability principles
to the field of energy and the energy sector. As indicated by the literature review on sus-
tainability, three pillars should form the basis for assessing sustainable consumer attitudes
and consumption patterns. It includes increasing energy efficiency, reducing greenhouse
gas emissions and promoting renewable energy sources in a socially just and economically
viable manner (Feldhaus et al., 2022; Lukasiewicz et al., 2022). Technological innovations
- such as smart grids or energy-efficient appliances - which are increasingly being imple-
mented, including in urban and academic environments, to optimise energy consumption
(Herrera Burstein & Goni Avila, 2024; Zheng et al., 2024), also fit into the concept of pro-
moting sustainable energy consumption.

However, as the literature indicates, the effectiveness of these solutions largely depends
on consumer behaviour and acceptance of such solutions. Both internal motivations (val-
ues, emotions, social norms) and contextual conditions (infrastructure, energy prices, en-
ergy policy) are important (Elhoushy & Lanzini, 2020; Elhoushy & Jang, 2023; Kumar &
Nayak, 2024). Consumer preferences may vary depending on the level of development
of a country. Similarly, the development of the energy sector depends on various factors.
In developed countries, energy taxes, investment in research and development and trade
openness are key, while in developing countries economic growth and access to investment
are more important (Dokas et al., 2022; Misztal et al., 2022). SEC correlates strongly with
socio-economic development. Yumashev et al. (Yumashev et al., 2020) evaluating the influ-
ence of the Human Development Index on the level of energy consumption indicate that a
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country’s level of development as measured by the HDI depends, among other things, on
energy consumption, the level of urbanisation, GDP and the use of clean energy sources.
This shows that a country’s development is linked not only to economic growth, but also
to the use of renewable energy (Bulut & Apergis, 2021; Uwaga & Ogunbiyi, 2024) and the
level of energy consumption. Additionally, this indicates that sustainable energy consump-
tion measures are linked to multiple factors, which in the context of our study justifies the
need to analyse multidimensionally and the impact of all three factors of sustainable energy
consumption.

Despite research advances, there is still a lack of multidimensional analyses integrating
behavioural and sustainable energy consumption approaches. Few studies focus on how
households assess energy consumption, including no multidimensional studies of assess-
ment in the context of both economic factors, social equity and environmental responsi-
bility. Furthermore, the literature does not provide sufficient comparative data on regional
differences, or comparisons between developed and developing countries, which limits
understanding of consumer preferences in different parts of the world.

2.3. Determinants of energy consumption

According to the findings in the literature, energy consumption depends on a number
of factors. The most important ones identified in the literature are economic growth, pop-
ulation and the level of industrialisation, which increase energy consumption (Rasanga
et al., 2024; Zou et al., 2025). In turn, health spending or environmental taxes can reduce
it (Zaharia et al.,, 2019). In developed countries, consumer decisions are influenced by,
among other things, lifestyle, access to innovation, the price of energy and the quality of
the regulatory system (Nagaj & Zuromskaité, 2023; Addai et al., 2024). In developing coun-
tries, infrastructure constraints (access to the energy grid), dependence on ineflicient ener-
gy sources, income and institutional barriers play a dominant role (Johansson & Pirouzfar,
2019; Kuhe & Danladi, 2019; Nguyen et al., 2021; Falcone, 2023; Nagaj, 2024).

Unequal access to or limited consumption of energy leads to energy poverty in devel-
oping countries or fuel poverty in developed countries. In regions such as sub-Saharan
Africa and Latin America, infrastructure constraints, income inequality and poor govern-
ance result in limited access to clean and affordable energy (Leal Filho et al., 2024; Soto &
Martinez-Cobas, 2025). In developed countries, fuel poverty mainly affects low-income
households, for whom high energy prices and low energy efficiency in buildings are major
barriers (McCoy & Kotsch, 2021; Nagaj, 2022). This impact is also exacerbated by so-called
rebound effects and limited access to energy efficiency programmes (Jin, 2020).

Vulnerable consumers, such as people with disabilities or the poor, may be vulnerable
to social benefits or face additional barriers to accessing energy and modern energy sourc-
es (Nagaj, 2022; Oteng & Gamette, 2025). Policy tools such as energy vouchers or environ-
mental taxes show varying effectiveness depending on market and regulatory conditions
(Podesta et al., 2021; Rabhi et al., 2024).
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Concluding, the literature identifies numerous determinants of energy consumption
and understands by energy consumption both physical energy consumption and energy
services. In general, these can be cumulated into a group of factors related to access to
services and related to the financing of energy consumption and energy services. Impor-
tantly for energy and fuel poverty theory, however, social factors are highlighted as being
significantly able to determine access to energy consumption. There are, however, some
research gaps here. These are usually studies on the level of consumption, not on how con-
sumers evaluate those factors that determine their energy consumption choices. The litera-
ture review done here, however, shows that consumers’ evaluation of energy consumption
factors should be carried out taking into account all three dimensions of sustainable energy
consumption (economic, social and environmental factors), as they can all determine con-
sumer choices. Without this, there is limited understanding of how consumers make deci-
sions on energy consumption in the context of sustainability. The theoretical background
of analysis showed which factors should be taken into account in assessing differences in
perceived sustainability factors between developed and developing countries.

2.4.IT aspects of data modelling and data analysis

Advancements in algorithmic techniques and data mining tools remain central to the
development of intelligent IT systems. Ana-Maria Ramona et al. (2020) discussed data
mining algorithms, highlighting their critical role in knowledge extraction processes.
Their exploration offers foundational insights into algorithmic selection in IT systems.
Armyanova and Aleksandrova (2023) provided valuable discussions on machine learning
design patterns, emphasizing reusable solutions and frameworks that are beneficial for en-
hancing analytical efficiency. Dogaru et al. (2019) developed an optimization model using
big data analytics to measure CO2 sequestration. Their study demonstrates how big data
frameworks can support sustainability analytics effectively. Georgescu et al. 2022) analyzed
the impact of digital transformation during the COVID-19 pandemic, offering insights
into performance management through digital tools, which are critical for strategic IT
planning.

Effective IT project management in academic institutions requires flexible delivery
models tailored to organizational needs. Kuyumdzhiev 2020) proposed an IT solution de-
livery model for universities, addressing the challenges of timely deployment and empha-
sizing efficiency in IT project management and implementation. Mileva 2024) explored big
data prediction for seasonal fluctuations in marine traffic, effectively illustrating big data’s
capability to handle complex temporal analytics. Parusheva & Pencheva (Parusheva & Pen-
cheva, 2020) modelled business intelligence systems using Unified Modelling Language
(UML), underscoring the importance of structured modelling techniques in enhancing
business operations.

Virtual tools also were applied to analyse the financial and technology sectors. The
fintech sector increasingly adopts virtual tools to foster scalability and innovation in digital
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financial services. Petrov et al. (Petrov, Stoev, et al., 2021) examined the adoption of virtual
tools in fintech startups, demonstrating the integration of digital solutions to enhance the
operational scalability of financial technologies. Petrov et al. (Petrov, Radeyv, et al., 2021)
presented a systematic design approach for infrastructure digitalization services, empha-
sizing the use of structured methodologies for effective data infrastructure management.
Petrov et al. (Petrov, Stoev, et al., 2021) further highlighted risk management processes
within information systems development, underscoring structured analytical approaches
to mitigate potential project risks. Polkowski et al. 2020) evaluated aggregated query plans
using heuristic methods, illustrating the optimization of database queries, which is vital to
efficient data analysis operations.

Even in traditionally analog industries, digitalization efforts are reshaping operation-
al paradigms and introducing new best practices. Stoyanova (Stoyanova, 2020) addressed
digitalization practices in construction, identifying best practices critical for effective IT
integration into traditionally non-digital sectors. Sulova et al. 2022) proposed a predic-
tive analytics framework tailored to logistics, reinforcing the practical utility of machine
learning in enhancing predictive capacities within logistical operations. Sulova & Mari-
nova(Sulova & Marinova, 2024) introduced a metadata management framework for data
lakes, crucial for ensuring data quality and integrity in complex analytical environments.
The literature review conducted here indicates that these modelling techniques are widely
used to analyse phenomena related to IT development, which also confirms the authors’
claim that these methods are useful for analysing processes in the energy sector and, in our
case, for assessing consumer behaviour in relation to energy. Such method was not used
in analysis of the energy sector, so it confirms contribution of this paper to the literature.

3. Methods and Materials
3.1. Survey Design and Data Collection

The aim of this paper is to model sustainable energy consumption profiles, broken
down into developed and developing countries. The modelling will be based on evaluation
of the importance of three groups of factors of sustainable energy consumption that shape
the end-users’ decision with regard to energy. Based on the theory of sustainable develop-
ment and sustainable consumption, a group of economic, social, environmental factors are
considered.

Data for modelling were collected using a survey technique, where respondents were
asked to rate the importance of factors on a 5-point Likert scale (from 1 - not at all impor-
tant, to 5 - very important). The sampling method was random, i.e. the questionnaire was
distributed to all consumers in the countries surveyed who have access to the Internet, i.e.
the CAWI (Computer-Assisted Web Interview) technique was used. However, it should
be emphasised that the selection of countries was purposive, i.e. countries were chosen to



242 Hierarchical Modelling of Sustainable Energy Consumption Profiles for Developed and Developing Countries

represent developing and developed countries. This was important for the purpose of the
survey, because according to energy poverty theory, the level of energy poverty, which is
determined, among other things, by the level of energy consumption, varies according to
its causes. Therefore, it was important that about half of the respondents represented soci-
eties that should be in energy poverty due to financial factors (so-called fuel poverty), and
the other half of the respondents represented societies where, according to the theory, en-
ergy poverty should predominate due to a lack of access to energy due to infrastructure and
network factors, i.e. non-financial factors. The survey was distributed in October 2024-Jan-
uary 2025 and April 2025. The number of respondents was 261, of which the number of
respondents for the developing countries was 108 and for the developed countries 153. The
number of questionnaires used, 261, means that this was the number of fully completed
questionnaires by adult respondents. During the survey, data were collected from adult
energy consumers who pay their energy bills. This resulted in importance ratings of factors
from three dimensions of sustainable energy consumption preferences. The first of these
were economic factors, within which respondents rated the following factors:

— income (Q1.1),

- price of energy (Q1.2),

- costs of connecting to the energy grid (Q1.3).

Under social factors, consumers’ attitudes towards the following were examined:

- energy subsidies for the poorest (Q2.1),

- providing energy to the poorest for free (Q2.2),

- preference for implementing the ban on disconnecting the poorest from the energy

grid (Q2.3).

In terms of environmental factors, respondents assessed the following areas:

- preference for energy consumption from RES over fossil fuels (Q3.1),

- preference for companies with a zero carbon footprint(Q3.2),

- acceptance to pay more for green energy (Q3.3),

- willingness to pay more if the company has no negative environmental effect (Q3.4).

The analysis will be estimated separately for developed countries and developing coun-
tries, which will allow for a comparative analysis of consumer profiles from different parts
of the world due to their level of development. The division into developed and developing
countries was made on the basis of human development index values, where countries with
index values of 0.8 and above were classified as developed countries, while countries with
index values below 0.8 were classified as developing countries. Thus, respondents from the
United Kingdom, United Arab Emirates, and Poland were counted as representing devel-
oped countries, while respondents from Bulgaria, Jordan represent developing countries.
It was also important to the authors that the countries represent different regions. Poland
and Bulgaria represented the EU countries, the UK the non-EU region, while United Arab
Emirates and Jordan are located in the Middle East region. As mentioned, due to the pur-
pose of the study, a division according to energy/fuel poverty theory into developing and
highly developed countries was most relevant.
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3.2. Research process, hierarchical modelling and analytical tools

The research process was a multi-stage process. The literature analysis and critique
method was used to identify factors for sustainable energy consumption. This made it pos-
sible to identify the key dimensions of sustainable consumption, identify the necessary
questions to assess its areas within the survey. In addition, it made it possible to identify
which methods had been used in the literature so far and to conclude that the application
of hierarchical modelling would be a novelty and a contribution to the literature.

In the next stages of the research process, the importance of factors was assessed using
descriptive statistical methods, and hierarchical modelling was applied, the application of
which provided answers to the research questions posed in this thesis. Figure 1 shows the
methodological development of the research process.

Figure 1. Research model process
Source: Own elaboration.
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The use of the hierarchical modelling (or hierarchical linear modelling - HLM or mul-
tilevel modelling) method in the analysis of the validity of sustainable energy consumption
factors has both theoretical and empirical justification, as it allows us to analyse complex
data structures, such as we are dealing with in our study, and multilevel relationships. Thus,
this method allows for a better understanding of the complexity of consumption mech-
anisms. In our study, we assume that sustainable energy consumption is determined by
three groups of factors. The applied hierarchical modeling method allows for taking into
account the simultaneous influence of factors at different levels of data aggregation in the
analysis. This method also allows for controlling estimation errors of the influence of in-
dividual factors on sustainable energy consumption. The applied hierarchical modeling
method also allows for examining interactions between variables, which creates the pos-
sibility of modeling intergroup variability. And the most important issue, the hierarchical
modeling method allows for inference with small samples in groups. Hierarchical mode-
ling allows for obtaining better parameter estimates because it takes into account the corre-
lation between observations within samples (Raudenbush & Bryk, 2002; Goldstein, 2011).

As part of the application of hierarchical modeling, ETL procedures are performed to
recode from a 5-point Likert scale to a 3-point Likert scale. The responses in the generated
data set are coded as follows: ,,1” not important and not important at all, ,,3” — neutral, ,,5”
- important and very important. All variables are on a nominal scale. Adequate statistical
procedures are carried out in PSPP, JASP and classification techniques in Altair One Studio
(the former Rapid Miner).

Using frequency tables and cross-tabulations reveals some aspects of respondents’
opinions on energy consumption. But frequency tables give a one-dimensional view and
cross-tabulation give a two-dimensional view. Seeking in-depth dependencies 3- and 4-di-
mensional aspects have to be revealed. These n-dimensional aspects may be visualized and
accepted by people using hierarchical visualization.

Many software tools may be used for data visualization. Our previous experience gives
us the opportunity to use Altair AI Studio with an academic license. Since our dataset is
not so big, Altair AI Studio may be used with the free license. Since the software Altair AI
Studio is tested with other datasets and it is stable, it is used for visualization.

In Altair AI Studio the following process is created. This process is shown in Figure 2.
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Figure 2. The main process in Altair AI Studio

Source: Own elaboration.

The Retrieve operator is used to load the dataset. The Select Attributes operator is used
to select some of the columns of the dataset. The ,,Set Role” operator and the ,,Nominal to
Binominal” operators are used for the variable “country”. The Cross Validation is used to
make hierarchical clustering. Figure 3 shows how the operator cross validation is carried
out.

Figure 3. The Cross Validation operator in details.

Source: Own elaboration.

The dataset is balanced with sample ratio of 0.1. The Decision Tree parameters are the
following — Criterion: gain ratio; maximal depth: 10; applied pruning, confidence: 0.25; ap-
plied prepruning; minimal gain: 0.01; minimal leaf size: 2; minimal size for split: 4, number
of prepruning alternatives: 3. We give the parameters of the Decision Tree operator because
if other researchers want to make a replication of the research, it is important to fine-tune
the Decision Tree. The Performance operator is with the following setup — main criteria:
first; accuracy is checked.

4. Results

First, the assessment of influencing factors by country was carried out. The first of the
assessed economic factors was income, for which the relationship with the country was
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assessed (Table 1). The nominal by nominal contingency coefficient between Q1.1”income”
and country is statistically significant (r=0.18, n=261, p<0.05).

Table 1. Cross-tabulation between economic factor Q1.1 ,,income” and type of country -
developed or developing (% by columns)

Country
Q1.1 “income”
Developing Developed
1 - not important 17.6 20.9
3 - neutral 18.5 6.5
5 - very important 63.9 72.5
Total 100.0 100.0

Source: Own contribution.

The results show that the income is a very important economic factor for developing and
developed countries. The analysis also showed that income is an important decision-mak-
ing factor for about two-thirds of respondents in developing countries and three-quarters
in developed countries, so it is stated as more important for developed countries.

The next factor assessed was the energy price (Table 2). The nominal by nominal con-
tingency coefficient between Q1.2 ,energy price” and country is statistically significant
(r=0.21, n=261, p<0.05).

Table 2. Cross-tabulation between economic factor Q1.2 ,,energy price” and type of
country - developed or developing (% by columns)

Country
Q1.2 “energy price”
Developing Developed
1 - not important 23.1 13.1
3 - neutral 17.6 7.8
5 - very important 59.3 79.1
Total 100.0 100.0

Source: Own contribution.

Results show that the energy price is a very important economic factor for developing
and developed countries, but it is stated as more important for developed countries.

For the last economic factor Q1.3 ,,costs of connecting to the energy grid” the rela-
tionship with the country’s level of development is statistically insignificant. The analysis
therefore indicated that the energy price is the factor that shows the greatest relationship
with the country (the country’s level of development).

Questions Q2.1, Q2.2 and Q2.3 are focused on the social factors. The analysis showed
that for two of the 3 social factors, i.e. Q2.1 ,energy subsidies for the poorest” and Q2.3



Intellectual Economics. 2025 19(1) 247

»preference for implementing the ban on disconnecting the poorest from the energy grid”,
the relationship with the country (level of country development) is statistically insignif-
icant. Whereas, the nominal by nominal contingency coefficient between Q2.2 ,,provid-
ing energy to the poorest for free” and country is statistically significant (r=0.21, n=261,
p<0.05). The evaluation results for factor Q2.2 are shown in Table 3.

Table 3. Cross-tabulation between economic factor Q2.2 ,,providing energy to the poorest
for free” and type of country (developed or developing)

Country
Q2.2 “providing energy to the poorest for free”
Developing Developed
1 - not important 34.3 55.6
3 - neutral 17.6 15.0
5 - very important 48.1 29.4
Total 100.0 100.0

Source: Own contribution.

Here one of the greatest differences are identified. For developing countries providing
energy to the poorest for free is very important. For developing countries providing energy
to the poorest for free is not very important.

The questions Q3.1, Q3.2, Q3.3 and Q3.4 are oriented to the environmental factor.
Only the results for statistically significant relationships are shown below. The nominal by
nominal contingency coeficient between Q3.3 ,,acceptance to pay more for green energy”
and country is statistically significant (r=0.18, n=261, p<0.05).

Table 4. Cross-tabulation between economic factor Q3.3 ,,acceptance to pay more for
green energy” and type of country (developed or developing)

Country
Q3.3 “acceptance to pay more for green energy”
Developing Developed
1 - not important 39.8 47.1
3 - neutral 222 24.5
5 - very important 38.0 28.4
Total 100.0 100.0

Source: Own contribution.

For developing countries there is polarization of opinions on acceptance to pay more
for green energy. Almost 2/5 of the people in these countries accept that to pay more for
green energy is very important and almost 2/5 of the people in these countries accept that
to pay more for green energy is not very important. 1/5 of the people in developing coun-
tries are neutral on the statement. For developed countries almost ¥ of the people think
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that to pay more for green energy is not important.

The results of the analysis show that the nominal by nominal contingency coeflicient
between each of the variables Q1.3, Q2.1, Q2.3, Q3.1, Q3.2, Q3.4 and ,,country® are not
statistically significant (n=261, p>0.05).

The analysis continues with hierarchical modeling in Altair AI Studio using just all
variables for the three factors: economic, social and environmental. Figure 4 shows the
hierarchical modeling process in our analysis.

Figure 4. Hierarchical modeling with Altair AI studio - tree 1*

* Legend:
Number on the arrows: Numbers in the boxes Colors of the boxes (leaves):
1 - not important (leaves): Red - developing countries
3 - neutral 1 - developing countries Blue - developed countries
5 - important 2 - developed countries

Source: Own elaboration

The interpretation of the tree is the following. 6 leaves are identified. Starting from left
to right. The first one, the income as an economic factor (Q1.1) is not important (,,1” on the
arrow) for developed countries (,,2” in the leaf and blue color).

The second one, the income as an economic factor (Q1.1) is stated as neutral opinion
(»3” on the arrow) mainly for developing countries (,,1” in the leaf and red color). People
who think that the income as economic factor (Q1.1) is important (,,5” on the arrow) have
4 subcategories:
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a)

b)

o

d)

the willingness to pay more (Q3.4) is not important (,,1” on the arrow) are mainly
from developed countries (,,2” in the leaf with blue color, but a small share with red
color for developing countries).

the willingness to pay more (Q3.4) are neutral (,,3” on the arrow) also neutral on
costs to connecting to energy grid (Q1.3) are mainly from developing countries
(,,1” in the leaf, red color)

the willingness to pay more (Q3.4) are neutral (,,3” on the arrow); important (,,5
on the arrow) to connecting to energy grid (Q1.3) are from developing and develo-
ped countries (blue and red color)

the willingness to pay more (Q3.4) is important (,,5” on the arrow) are mainly from
developed countries (,,2” in the leaf; blue color).

»

If the minimal leaf size of the Decision tree is changed to ,,3”, a more compact tree
(hierarchy) is visualized.

Figure 5. Hierarchical modeling with Altair Al studio - tree 2*

* Legend:
Number on the arrows: Numbers in the boxes Colors of the boxes (leaves):
1 - not important (leaves): Red - developing countries
3 - neutral 1 - developing countries Blue - developed countries
5 - important 2 - developed countries

Source: Own elaboration

These results showed the relationships in consumers’ assessment of the individual di-
mensions of sustainable energy consumption. The results showed that such relationships
exist especially between economic and environmental factors. It was found that such con-
nections are mainly for developed countries. Consumers from these countries, as people

249
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who pay more attention to income or energy prices, are more differentiated due to their
willingness to bear higher costs related to environmental protection and consuming green
energy. The results of the analysis indicated that the identified hierarchical model may be
useful for formulating government policy on the energy sector.

5. Discussion

The analysis of the results indicates that economic, social and environmental factors
play an important role in shaping consumer decisions on sustainable energy consumption,
with their importance varying according to the level of development of the country. The
finding on income as an economic factor confirms that it is important in both developed
and developing countries, but it is seen as even more crucial in developed countries. This
finding confirms previous findings in the literature, which argued that income level in-
fluences energy-related decisions (Han, 2021; Vargas-Merino et al., 2023). Similarly, the
price of energy was found to be an important factor in both groups, but its role is more
pronounced in developed countries, confirming earlier studies that highlighted the impor-
tance of energy prices in shaping consumer behaviour (Addai et al., 2024). Interestingly,
the cost of connecting to the electricity grid was not found to be a statistically significant
differentiating factor between consumers living in countries with different levels of devel-
opment, suggesting that this factor is perceived as less decisive, which may be due to other
economic factors being more important and is consistent in this area of research with the
findings of Dokas et al. (Dokas et al., 2022) and Misztal et al. (Misztal et al., 2022). This
is probably due to the fact that income and the price of energy refer to the monthly ex-
penditure on energy carriers, whereas the cost of connecting to the energy grid is seen as
a one-off cost and thus less perceived by consumers regardless of the level of development
of the economy.

In terms of social factors, the biggest difference between consumers from developing
countries and those from developed countries was observed in the assessment of the im-
portance of providing free energy to the poorest. In developing countries this aspect is
rated as very important, while in developed countries it is perceived as less important.
These findings may indicate confirmation of findings in the literature (Nagaj, 2022; Leal
Filho et al., 2024), that there are major challenges related to energy access and energy pov-
erty in developing countries. In addition, the high energy price sensitivity of consumers in
developed countries may indicate that consumers in richer economies are for this reason
not interested in financing poor consumers, as free energy for the poorest means a higher
price for other energy consumers. These findings therefore coincide with energy poverty
theory, which differentiates types of energy poverty by level of economic development and
identifies financial factors as the main criterion for advanced economies, and access to grid
and energy as a criterion for emerging markets (Al Kez et al., 2024; Nagaj, 2022). Other
social factors, such as subsidies for the poorest or a ban on cutting them off the grid, did
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not show significant differences, which may indicate similar perceptions of these solutions
or their lesser impact on consumer decisions.

In the area of environmental factors, it was statistically significant to agree to pay a
higher price for being able to consume green energy. In developing countries, opinions
on this topic were polarised, with around 40% of respondents accepting a higher price,
which may reflect differences in environmental awareness and financial capability and is
in line with the literature (Elhoushy & Jang, 2023; Kumar & Nayak, 2024). This acceptance
was higher and more uniform in developed countries, in line with previous studies that
highlight a greater willingness to pay environmental costs in these countries (Feldhaus
et al., 2022; Lukasiewicz et al., 2022). Additionally, the analysis showed that opinions are
polarised in developing countries, which in turn confirms earlier research of Yumashev
et al. (Yumashev et al., 2020) indicating differences in environmental attitudes depending
on the level of development. The results of the analysis showed that assessing consum-
er preferences in the context of sustainable energy consumption theory makes sense, as
there are differences in all dimensions between consumers from developing and developed
countries, even though energy is a basic good and it seems that preferences should be the
same everywhere.

6. Conclusion

The aim of the paper was to investigate how energy consumers evaluate economic,
social, and environmental factors in developing and developed countries, and to compare
developed and developing countries in terms of the impact of these factors on consumer
decisions in dimensions of sustainable energy consumption.

The findings confirmed the basic rights deriving from the theory of sustainable devel-
opment and the theory of fuel poverty that the assessment of consumer preferences should
not only take place from an economic perspective, but also from a social and environmen-
tal perspective. In addition to this, the findings confirmed that fuel poverty can result from
different factors depending on the level of development of a given economy. In this case,
it can be argued that the types of fuel poverty and the distinction between fuel poverty
resulting from difficulties in accessing access to energy (and identified with developing
economies) and fuel poverty resulting from financial factors (identified with advanced
economies), and resulting mainly from supply-side factors, also overlap with consumer
preferences, i.e. demand-side factors.

Findings of this paper also showed that in developed countries there is a greater em-
phasis on economic and environmental factors, while in developing countries there is a
greater emphasis on social issues, particularly related to energy access for the poorest. In
summary, the results confirm that energy decisions are shaped by complex interactions of
economic, social and environmental factors, the importance of which varies according to a
country’s level of development.
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This study fills two significant gaps. The first one relates to the limited attention given
to energy-related consumption in sustainability studies. The second gap pertains to the
absence of integrated cross-country comparisons that differentiate between developed and
developing economies. This study provides comparative data between countries with dif-
ferent levels of development, which is in line with previous indications that comprehen-
sive analyses taking into account all three dimensions of sustainable energy have so far
been lacking . The main contribution of this study is its comparative, multidimensional
approach to sustainable energy consumption, along with the innovative use of hierarchical
modelling, which is quite fresh in this research area. The use of hierarchical modelling
represents an innovative approach that has provided a deeper understanding of how indi-
vidual factors influence consumer decisions in different development contexts.

This paper also provides policy implications. The main stakeholders in both developed
and developing economies of this paper are politicians, but also companies in the broader
energy sector. The political implications indicate that energy policy related to regulating
sustainable energy consumption and limiting energy consumption cannot be applied uni-
formly to all countries. Findings indicated that although incomes reduce energy poverty
everywhere, they are also a key factor stimulating energy consumption. It was therefore
stated that in order to create sustainable energy consumption, policy makers in developed
countries should put the main emphasis on macroeconomic policy, because incomes are
the most important for consumers. In developed countries, however, policy makers should
also take care of energy prices, and therefore economic regulation of energy prices should
be considered, and not only ensuring an increase in consumer incomes. Another implica-
tion for policy makers is the importance of social policy, which has proven to be important
in the context of sustainable energy consumption in developing countries. Finding that the
cost of connecting to the power grid is perceived as a one-time cost and therefore less felt
by consumers means that in these countries, policymakers should implement social mech-
anisms that are aimed at consumers permanently, not just once. It was also found that it is
not true that in developing countries consumers do not care about the environment and
are not interested in renewable energy or products that are related to the consumption of
green energy. This is also important for consumers, but the promotion of sustainable ener-
gy consumption should first be preceded by reducing energy poverty. Stakeholders for the
implications of the findings of this work are also companies. The basic implication is that in
developed countries consumers are increasingly paying attention to climate issues, so com-
panies in promotional campaigns should pay attention not only to the issue of energy pric-
es, but also to climate protection and show consumers what the carbon footprint of energy
production is. Moreover, they are willing to accept a higher energy price if the energy is
produced from renewable sources. In developed countries, another important implication
for entrepreneurs from the energy sector is not to emphasize the use of social tariffs for the
poorest, because most consumers treat it as a negative factor. In developing countries, on
the other hand, consumers will pay attention to the use of social tariffs as a positive factor, a
factor stimulating sustainable energy consumption, and that ecology is important to them
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but on condition that it is not associated with higher energy prices.

This work also has research limitations. The primary one is the need to conduct re-
search on a larger group of respondents. A larger population of respondents would make
the findings more credible and allow the conclusions to be generalised. In this case, the
findings are only related to the responded research group. As an excuse for this research
limitation, it should be pointed out that the literature indicates that it is also possible to
generalise findings with a lower sample size. For example, Lopez (2019) indicates that sam-
ple size requirements for hierarchical linear models (HLMs) may be smaller. The litera-
ture on the 10-times rule method for minimum sample size estimation or the minimum
R-squared method (Hair et al., 2014; Kock & Hadaya, 2018; Ranatunga et al., 2020). Addi-
tionally, as indicated in the literature (Jenkins & Quintana-Ascencio, 2020), in studies on
economics, the median for the sample size is 218, which therefore indicates that this study
(here the sample size is 261) does not differ from other studies in the literature and is in
line with the standards used in the study of economic phenomena. In an attempt to address
this shortcoming, it was the HLM method that was applied, as this method allows for infer-
ence with small samples in groups and inference in the case of unequal samples. However,
this does not change the fact that a higher sample size would increase the precision of the
results and allow the findings to be generalised. There is also scope for further research to
assess whether there are differences between societies within different regions of the world.
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