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Abstract: Energy management in enterprises is an important issue in the context of improving energy

efficiency, energy use, and energy consumption. This is consistent with the Sustainable Development

Goals. The purpose of this study was to evaluate the energy management system of water and

wastewater utility in the context of sustainable development based on the opinions of managers and

employees. The results indicate the involvement of the surveyed enterprise in energy management

system development activity. This demonstrates the orientation of the surveyed enterprise to support

activities to improve energy performance in line with the implementation of sustainable development.

The added value is that the developed research tool can be used in studies of other enterprises to

assess the level of energy management.

Keywords: energy management; energy management system; sustainability

1. Introduction

The design and implementation of energy management systems in companies must
comply with contemporary requirements related to the growing importance of sustain-
ability. It is an important area of the national energy policy that contributes to reductions
in utility consumption and costs [1,2]. Thus, the concept of energy management plays
a major role in the realization of economic, environmental and social goals [3], because
constructing an effective energy management system has a major impact on energy ef-
ficiency, both within and outside the enterprise. Energy management in the water and
wastewater sectors plays a significant role because water and wastewater are areas where
energy consumption is very high [3]. Water transportation and treatment require large
amounts of energy; therefore, water and wastewater companies need to focus on efficient
energy management to reduce energy consumption and lower costs [4].

In addition, efficient energy management by water and wastewater companies reduces
their negative environmental impacts. Currently, energy consumption in the industrial and
commercial (service) sectors accounts for almost 40% of global greenhouse gas emissions [5].
This contributes to global warming and other negative environmental effects.

In this context, an important role is played by the international standard EN ISO
50001:2018 [6], which defines the minimum requirements and provides practical guidance
for the implementation of an energy management system in enterprises, directing their
activities towards energy management.
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The concept of the energy management system research undertaken by the authors
was based precisely on the international standard EN ISO 50001:2018. The rationale for
undertaking this study was the identified research gap, which shows a paucity of research
on multidimensional energy management based on this standard in the context of water
and wastewater enterprises. Hence, the main purpose of this study is to evaluate the
energy management system of water and wastewater utility in the context of sustainable
development based on the opinions of managers and employees. In addition to the main
objective of the work, specific objectives of a theoretical–cognitive, methodological, research
and practical nature have been formulated. The research hypotheses are formulated and
verified through empirical research using a standardized interview technique. The main
research problem focuses on the search for an answer to the following question: at what
level of advancement is the energy management system in the surveyed enterprise?

The structure of this study includes an introduction to the topic undertaken, an
analysis of the literature on energy management and energy management systems, and a
description of the research methodologies. In the next section, the results of the research
are presented, and the results are evaluated in the Section 5. In the conclusion, however,
a general summary is made, and recommendations for practice and directions for future
research are also presented.

2. Literature Review

An important contemporary challenge for companies operating in the water and
wastewater sectors is to strive for transformation towards a circular economy (CE) [7,8]
and sustainable development [9]. The sustainability of water and wastewater companies
is linked to meeting these requirements and challenges, not only financial but also social
and environmental, aimed at more environmentally friendly and efficient water treatment
and distribution, lower energy costs, reduced water pollution, and better use of natural
resources [10]. At the same time, it improves the quality of life in society. The issue of
energy management systems in water and wastewater utilities fits with the Sustainable
Development Goals of Agenda 2030:

- Goal 6. Ensure availability and sustainable management of water and sanitation
for all;

- Goal 7. Ensure access to affordable, reliable, sustainable, and modern energy;
- Goal 9. Build resilient infrastructure, promote inclusive and sustainable industrializa-

tion, and foster innovation;
- Goal 11. Make cities and human settlements inclusive, safe, resilient, and sustainable;
- Goal 12. Ensure sustainable consumption and production patterns;
- Goal 13. Take urgent action to combat climate change and its impacts.

Water and sewage companies are obliged to manage energy responsibly and rationally
due to these challenges and goals, as well as the fact that water is essential to human life [11].
Implementing an effective energy management system can help with this [12]. This requires
a special approach that should permeate the organization’s culture and practical sphere of
activity [13]. In the water and wastewater sector, due to the burden on the often sprawling
infrastructure of storage, water pumping, and power generation capacity, to gain benefits
through proper management, “leveraging the water-energy nexus” is important [14]. It
may also be important to use project management methodologies for a more effective
implementation of such projects [15].

The literature recognizes the paucity of scientific studies on energy management
construction. To date, no single, unambiguous definition of this concept has been developed.
Therefore, when interpreting this, clarifying the concepts of management and energy first
is necessary. In modern terms, management is defined as a set of activities (including
management functions such as planning and decision making, organizing, and leading,
i.e., directing people and controlling) directed at the resources of an organization (human,
financial, physical, and information) and performed to achieve the organization’s goals in
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an efficient and effective manner [16]. Management is associated with several functions,
such as planning, organizing, motivating, and controlling.

In terms of the concepts of management and energy, attempts have been made to
define the concept of energy management. Some authors believe that “energy management
is considered a combination of energy efficiency activities, techniques, and management of
related processes that result in lower energy costs” [17], while others argue that “energy
management aims to reduce energy costs by increasing energy efficiency, using technology,
and promoting management activities and procedures to achieve this efficiency” [18].

Voltz and Grischek note that energy management depends on the organization in ques-
tion and should be tailored to its needs [13]. In conclusion, it can be said that energy manage-
ment is an important issue that helps the organization achieve its key objectives of rational
management, reduction in energy consumption, cost reduction, and environmental impact.

According to contemporary concepts, particularly the systems approach, creating
and developing an effective and efficient energy management system are important in the
management of energy in the enterprise [19–21]. An energy management system (EMS)
can be defined as a set of synergistically connected elements to achieve energy goals. An
energy management system can have various social, economic, technical, and environ-
mental objectives [21]. Managers of companies, especially from the water and wastewater
sector, must appropriately address their energy management objectives and ensure that the
appropriate level of development of the energy management system is maintained [20]. As
results from the literature on the subject, some authors undertake research on the level of
implementation of the energy management system in various enterprises [17,22]. Interest-
ing research on this subject was conducted in Serbia in enterprises of the wood industry.
The research conducted among 104 enterprises shows that the systems approach is insuffi-
ciently implemented; top management is not sufficiently involved in energy management
and takes sporadic actions depending on financial possibilities. The research also indi-
cates that employees are not sufficiently involved in the energy management process, and
communication in the field of energy management is not satisfactory [22]. Similar survey
studies on the level of implementation of the energy management system were conducted
in enterprises in Turkey in the five most energy-intensive industrial sectors. The research
shows that 22% of the surveyed companies manage energy. The authors point out the main
barriers to the implementation of the energy management system: insufficient knowledge
and awareness of managers and employees, lack of synergy between different stakeholder
groups, and insufficient financial support for activities in this area [17]. Meanwhile, the
literature indicates that synergetic combination of the various elements is essential for the
efficient operation of any energy system [23]. The energy management system should
ensure synergetic and coordinated energy exchange among all energy resources for the safe
and efficient operation of the energy system [21].

When referring to the definition of management, considering the functions of planning,
implementing, monitoring, and controlling an organization’s energy performance in the
context of establishing and developing an energy management system is important.

The concept of an energy management system is described in EN ISO 50001:2018-09 [6].
According to this standard, an energy management system is defined as “a management
system for establishing energy policies, objectives, specific energy objectives, action plans,
and processes for achieving these objectives and specific energy objectives.” The PN-EN
ISO 50001:2018-09 standard (a Polish standard that is equivalent to EN ISO 50001) is aimed
at all organizations, regardless of size, type, object of activity, geographical location, and
organizational culture. This standard sets out guidelines for establishing, implementing,
maintaining, and improving energy management systems. The purpose of implementing
this system is to create conditions for effective energy management in a given organization
or enterprise based on a systematic approach. The implementation of the system requires
the organization to strive for continuous improvement, thereby improving energy results
by introducing a control system. This is related to the management principle of the iterative
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PDCA cycle: Plan, Do, Check, Act [24]. The principles of the ISO 50001 energy management
system reflect good practices based on international standards.

The ISO-50001 standard distinguishes the following dimensions of an energy manage-
ment system:

1. Organizational context relates to understanding the organization and its context, stake-
holder needs and expectations, and defining the scope of the energy management system.

2. Leadership is related to the commitment of the organization’s top management to a
continuous improvement in energy results, striving to ensure an effective energy
management system, establishing an energy position, and assigning responsibilities
and decision-making scope to those involved in energy management.

3. Planning: Identifying risks and opportunities; planning actions to address these oppor-
tunities and risks; planning ways to integrate with the energy management system;
establishing goals and specific energy objectives; and planning ways to achieve them.
Planning also involves preparing and conducting an energy review, determining en-
ergy outcome indicators, establishing a baseline, and collecting planning energy data.

4. Support is related to the need to identify and provide resources for the implementation
and maintenance of the energy management system by identifying the necessary
competencies of people, their awareness of energy policy and the energy management
system, defining the principles and processes for internal and external communication,
and creating, updating, and overseeing the required documentation for the system.

5. Operational activities consist of planning, implementing, and steering processes related
to the energy management system, managing planned changes, reviewing unintended
changes and mitigating their effects, and design and acquisition activities.

6. Performance evaluation of the monitoring, measurement, analysis, and evaluation of the
energy performance and energy management system; assessments of compliance with
legal and other requirements; conducting internal audits of the energy management
system; conducting reviews of the management of this system; and keeping records
of these reviews.

7. Improvement consists of correcting the arising non-conformities and continuously
improving the energy results and energy management system.

Figure 1 presents a multidimensional view of the energy management system accord-
ing to the standard ISO 50001.

 

ffi

tt

Figure 1. A multidimensional view of the energy management system according to the ISO 50001

standard. Source: own study based on PN-EN ISO 50001:2018-09 [6].
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An energy management system based on ISO 50001 is intended to contribute to the
efficient use of an organization’s energy resources by optimizing its processes to save energy
and minimize negative environmental impacts. Based on a critical review of the literature
and drawing on the international standard EN ISO 50001:2018, the authors adopted a
definition of the energy management system, treating the system as a multidimensional
construct consisting of an organizational context, leadership, planning, support, operational
activities, performance evaluation, and improvement for the realization of energy goals
based on the established energy policy and strategy.

We developed an assessment tool for a multidimensional energy management system
based on the ISO-50001 standard to fill the research gap.

3. Research Methods

Based on the main objective of this work, specific objectives were formulated as
theoretical–cognitive, methodological, research, and practical. The theoretical–cognitive
objectives were as follows:

- Identify the importance of energy management in the development of water and
wastewater enterprises;

- Identification of the dimensions of the energy management system in water and
wastewater enterprises.

The methodological objective is to build an instrument for measuring and evaluating
energy management systems in water and wastewater enterprises. The research objective,
in turn, concerns the empirical verification of the research hypotheses. The practical objec-
tive was to formulate recommendations for the development of an energy management
system for water supply enterprise managers, which is part of a research process conducted
by an interdisciplinary research team from Poland and the Czech Republic. The research
process consisted of the following stages: theoretical–cognitive research, formulation of
research hypotheses, verification of research hypotheses through empirical research, and
synthesis of research results.

Theoretical–cognitive research is based on an analysis of the literature relating to
the issues of energy management, energy management systems, and a review of energy
management standards. The authors attempted to develop a tool to measure this construct
by identifying the international standard ISO 50001 based on a literature analysis. A
research gap was identified based on the literature analysis, indicating the paucity of
research on multidimensional energy management based on the international standard
ISO 50001 for water utilities. The analysis of the energy management standard made it
possible to isolate its various dimensions and construct an interview questionnaire, which
was used to conduct the study. The dimensions studied and the sub-dimensions used in
the research questionnaire were developed based on the standard ISO 50001. As part of the
empirical research, a case study method was used, which allowed for in-depth insight into
the specifics of the energy management system of a purposefully selected water and sewage
enterprise operating in the Czech Republic. Energy management aspects are particularly
important for enterprises operating in this sector because they provide the local community
with water supply, water treatment, and wastewater disposal. Water and wastewater
utilities operating in the Czech Republic are increasingly focusing on energy management
to improve efficiency and minimize negative environmental impacts. One noticeable trend
is the implementation of ISO 50001-compliant energy management systems at companies
in the sector [25].

Energy efficiency efforts in the Czech Republic in this sector are being supported by
large-scale investments. The funding is aimed at strengthening water management services
and that special emphasis is being placed on reducing energy consumption by modernizing
wastewater treatment and water supply systems [26].

Detailed statistics on the implementation of the energy management system in water
and wastewater enterprises in the Czech Republic are difficult to obtain in the form of
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publicly available and precise statistics. This further justifies our undertaking a survey at a
selected water and sewage company operating in the Czech Republic.

Based on theoretical–cognitive research, the research problem was formulated in the
form of the following question: how is the level of development of the various dimensions
of the energy management system (EMS) constructed in the analyzed water and sewage
enterprise in the opinion of employees and management?

To answer the indicated research problem, the following research hypotheses were
formulated:

- H1: Statistically significant differences exist between the various dimensions of an
energy management system.

- H2: Statistically significant differences exist in how managers and employees evaluate
the level of the EMS dimension within the energy management system.

- H3: Statistically significant differences emerge in how respondents with different
professional experiences evaluate the level of each EMS dimension within the energy
management system.

The present research aims to assess the level of development of an energy management
system in water utilities, considering the evaluation of the individual dimensions of this
system. Assessing whether individual dimensions are shaped at the same level or whether
differences exist in their levels of development is possible.

The surveyed company, which employs over 800 people, produces and supplies water
to more than 700,000 residents in the region. Additionally, it treats wastewater at several-
dozen treatment plants, returning over 270,000 m3 of it to the environment daily. The
company’s services are used by almost 100,000 inhabitants of the region. In line with its
CSR (Corporate Social Responsibility) policy, the company acknowledges its responsibility
for the future of the region where it operates. The company prioritizes activities that sup-
port both the working and natural environments. It is certified under the ISO 18001:2007
standard, which defines the requirements for an occupational health and safety manage-
ment system, and it undergoes regular monitoring and control assessments. Additionally,
as part of its commitment to quality, the company holds certifications for ISO 9001 Quality
Management Systems and ISO 14001:2006 Environmental Management Systems.

This study was conducted using a questionnaire. A five-point Likert scale (where
1 indicates a very low level of energy management, 2 indicates a low level of energy
management, 3 indicates an average level of energy management, 4 indicates a high level of
energy management, and 5 indicates a very high level of energy management) was used to
assess the level of development of the energy management system through the perception
of the company’s employees and management. The respondents were managerial (n = 45)
and operational staff (n = 100) from various departments.

The developed research tool was tested in unstructured interviews with managers
from 10 different water and wastewater companies before conducting the survey. The
interviews allowed for verification of the correctness of the prepared survey questionnaire.

After checking the completeness of the obtained data, 145 questionnaires out of the
total 150 questionnaires received were used for analysis. The survey was addressed to
all employees and managers employed in the company. The managers who filled out the
returned surveys constituted about 65% of all managers employed in the company. In turn,
in the case of the surveyed employees, they constituted about 20% of all other employees
of the company. Statistical methods were used to analyze the obtained data and verify
the hypotheses.

4. Results

Based on the data obtained from the research conducted using a research tool at
a selected water and sewage company in the Czech Republic, statistical analysis was
performed using STATISTICA 13.3. software. Factor analysis was used to check the
validity of the selection of variables describing the individual dimensions of the energy
management system. Prior to conducting factor analysis, we checked the factorability of
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the data by applying the Kaiser–Meyer–Olkin (KMO) measure of sampling adequacy [27]
and Bartlett’s test of sphericity [28]. The factorability of the data was determined when
the KMO measure was higher than 0.6 and Bartlett’s test was significant (p < 0.05). The
Kaiser criterion (acceptance of factors with eigenvalues greater than 1) was used to select
the number of factors. It was assumed that variables with factor loadings less than 0.6.
were removed from the group of variables describing the EMS. The values of the KMO
measure and the results of Bartlett’s test of sphericity for the individual dimensions of the
energy management system are included in Table 1.

Table 1. KMO measure and Bartlett’s test of sphericity results for EMS dimensions.

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.735

Organisational context

Bartlett’s Test of Sphericity

Approx. Chi-Square 328.63

Df 6

Sig 0.000

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.818

Leadership

Bartlett’s Test of Sphericity

Approx. Chi-Square 394.62

Df 15

Sig 0.000

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.795

Planning

Bartlett’s Test of Sphericity

Approx. Chi-Square 315.52

df 6

Sig 0.000

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.91

Support

Bartlett’s Test of Sphericity

Approx. Chi-Square 290.61

df 10

Sig 0.000

Kaiser–Meyer–Olkin Measure of Sampling Adequacy 0.837

Operational activities

Bartlett’s Test of Sphericity

Approx. Chi-Square 547.02

df 6

Sig 0.000

Kaiser–Meyer–Olkin Measure of Sampling Adequacy. 0.749

Evaluation of results

Bartlett’s Test of Sphericity

Approx. Chi-Square 460.4

df 10

Sig 0.000

Source: own survey result.

As we found a KMO value greater than 0.7 and a significant Bartlett’s test (p < 0.000) for
all areas of EMS, we concluded that the data were appropriate for factor analysis. According
to Kaiser’s criterion, the analyzed areas were assumed to be univariate constructs. To assess
the reliability of the scale for each factor, the value of the Cronbach’s alpha coefficient was
considered. The reliability of the scale for each factor was assessed using Cronbach’s alpha
coefficient, which should be greater than 0.6 [29]. Table 2 presents the factor loadings and
Cronbach’s alphas for each EMS dimension.

The variances explained by the identified factors exceed the standard cut-off point of
50% percent for the explained variance. Cronbach’s alpha was greater at 0.84, suggesting
that the subscales were internally consistent. The empirical distribution of EMS is presented
in Figure 2.
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Table 2. Factor loadings and Cronbach’s alpha for each EMS dimension.

Dimensions EMS
Factor

Loadings
Cronbach’s Alpha

Organizational Context Factor 0.87

1.1 The company has identified internal factors
(e.g., human, technological, material, political,
methodologies) influencing more efficient energy
management

0.88

1.2 The company has identified external factors
(e.g., demand, network load, climatological conditions,
stakeholders) influencing more efficient energy
management

0.89

1.3 The company’s development strategy takes into
account the energy policy and its objectives

0.84

1.4 The company provides stakeholders with
information on legal requirements and other documents
related to energy performance (energy use and
consumption)

0.79

Eigen value 2.89

% Var 72.30%

Leadership Factor 0.86

2.1 Management is committed to continuous
improvement of the company’s energy performance

0.80

2.2 Management communicates energy policy and the
importance of effective energy management
to employees

0.79

2.3 The company’s energy policy is available to
employees and other stakeholders

0.78

2.4 The energy policy of the enterprise is subject
to updating

0.82

2.5 The department/team/person responsible for energy
management has an important role in the enterprise

0.76

2.6 Management provides necessary training/mentoring
and procedures for hiring competent management
personnel

0.68

Eigen value 3.59

% Var 60.0%

Planning Factor 0.88

3.1 The company has defined procedures for countering
the occurrence of potential risks and taking advantage
of emerging energy management opportunities

0.85

3.2 The company has defined measurable energy goals
and ways to achieve them, which have been
communicated to employees and other stakeholders

0.90

3.3 The company has defined metrics and indicators for
energy performance

0.89

3.4 Acquired energy data is identified, measured,
analyzed, documented, and monitored as part of
energy reviews

0.78

Eigen value 2.93

% Var 73.2%
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Table 2. Cont.

Dimensions EMS
Factor

Loadings
Cronbach’s Alpha

Support Factor 0.84

4.1 The company has the resources needed to establish,
implement, maintain, and continuously improve energy
management and energy result improvement

0.68

4.2 At the company, people involved in the work for the
energy result and energy management have the
necessary competence (education, skills, experience)

0.83

4.3 When acquiring new equipment/apparatus, the
enterprise pays attention to its energy class

0.78

4.4 Employees are aware of their contribution and the
consequences of activities leading to the achievement of
energy goals and the benefits of improving the
energy result

0.79

4.5 The company has identified ways to communicate
internally and externally for energy management
(e.g., organization of meetings, ways to transfer
information, flow of knowledge)

0.81

Eigen value 3.04

% Var 60.8%

Operational activities Factor 0.93

5.1 The company plans and controls operational
activities for energy management

0.81

5.2 The company has criteria for the most important
energy-using processes, taking into account the efficient
operation of water supply systems and water
treatment plants

0.95

5.3 The company has criteria for the most important
energy-using processes, taking into account the effective
operation of sewage systems and wastewater
treatment plants

0.95

5.4 The company has criteria for the most important
processes that use energy, taking into account the
effective operation of other facilities

0.93

Eigen value 3.32

% Var 83.1%

Evaluation of results Factor 0.87

6.1 The company has implemented procedures relating
to criteria related to energy-using processes

0.85

6.2 The company analyzes, monitors, evaluates, and
documents procedures relating to criteria related to
energy-using processes

0.88

6.3 The defined criteria have been communicated to the
enterprise’s employees and other stakeholders

0.77

6.4 The company’s thermal energy consumption
is monitored

0.74

6.5 The company’s electricity consumption is monitored 0.82

Eigen value 3.31

% Var 66.3%

Source: own survey result.
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Figure 2. Histogram of the variable EMS. Source: own survey result.

The histogram in Figure 2 shows that of the 145 respondents, 134 rated the energy
management system (EMS) above level 3. The largest group comprised respondents who
rated the EMS in the range of 3.5 to 4 (65 people). Fifteen participants rated the EMS position
at the highest level, between 4.5 and 5. Only 11 respondents rated the EMS variable at 3.
Based on the analysis, three research hypotheses were verified.

The Kruskal–Wallis test was used to verify Hypothesis 1, assuming statistically signifi-
cant differences exist between the various dimensions of the energy management system.
The Kruskal–Wallis test was used because the assumptions of the classical ANOVA analysis
were not met (the analyzed variables were not normally distributed). Descriptive statistics
were obtained for each ESM dimension and are presented in Table 3.

Table 3. Descriptive statistics of dimensions of EMS.

Variable N Mean Me Min. Max. Q1 Q3 SD CV

Organizational context 145 3.82 3.75 1.00 5.00 3.50 4.00 0.65 16.92
Leadership 145 3.63 3.67 1.67 5.00 3.17 4.00 0.64 17.54
Planning 145 3.63 3.75 1.50 5.00 3.25 4.00 0.63 17.34
Support 145 3.80 3.80 2.00 5.00 3.40 4.00 0.58 15.24
Operational activities 145 4.03 4.00 2.00 5.00 3.75 4.50 0.65 16.03
Evaluation of results 145 4.00 4.00 1.60 5.00 3.80 4.40 0.60 15.06
Perfection 145 4.08 4.00 2.00 5.00 4.00 4.00 0.63 15.37

Source: own survey result.

Table 3 shows that among the evaluated EMS dimensions, the highest average value
was obtained by the perfection dimension (4.08), followed by operational activities (4.03)
and the evaluation of results (4.00). On the other hand, the lowest mean value of 3.63
was obtained for two dimensions: leadership and planning. The highest coefficient of
variation (CV), indicating the greatest variation in values, characterized the leadership
dimension (17.54) and the lowest dimension evaluation of results (15.06). The results of the
Kruskal–Wallis test are shown in Figure 3.

The result of the Kruskal–Wallis test revealed a statistically significant difference in
score between the different dimensions of EMS, as indicated by the value of Kruskal–Wallis
test H (6. N = 945) =70.89 and p = 0.0000. After obtaining a significant result in the
nonparametric Kruskal–Wallis test, the Dunn test was performed, which allowed for com-
parisons between individual dimensions of the system to identify which specific pairs
differ significantly in terms of medians. Pairwise comparisons using Dunn’s test indicated
that ratings of the perfection dimension are significantly higher than ratings of organi-



Energies 2024, 17, 5014 11 of 16

zational context (p = 0.004), leadership (p = 0.000), planning (p = 0.000), and support
(p = 0.002); ratings of the operational activities dimension are significantly higher than
ratings of organizational context (p = 0.048), leadership (p = 0.000), planning (p = 0.000),
and support (p = 0.03); and ratings of the evaluation dimension results are significantly
higher than ratings of leadership (p = 0.000) and planning (p = 0.000). In summary, pairwise
comparisons using Dunn’s test showed differences between the perfection and operational
activities dimensions compared to organizational context, leadership, planning, and sup-
port, and scores for the other pairs of dimensions did not differ significantly. Thus, this
hypothesis was confirmed.
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Figure 3. Graphical interpretation of the Kruskal–Wallis test results for H2. Source: own survey result.

To verify Hypothesis 2, which assumes that there are statistically significant differences
in the assessment of the level of the energy management system dimensions by managers
and employees, the Mann–Whitney test was used. For managers and employees, Table 4
presents descriptive statistics for each EMS dimension.

Table 4. Descriptive statistics of the evaluation of the level of each dimension of EMS by managers

and employees.

Dimension of EMS N Mean Me Min. Max. Q1 Q3 SD CV

Organizational context Managers 45 3.89 4.00 1.00 5.00 3.50 4.25 0.70 18.03
Organizational context Employees 100 3.79 3.75 2.50 5.00 3.25 4.00 0.62 16.39
Leadership Managers 45 3.74 3.83 1.67 5.00 3.50 4.00 0.68 18.31
Leadership Employees 100 3.58 3.67 1.83 4.83 3.17 4.00 0.61 17.05
Planning Managers 45 3.80 4.00 1.50 5.00 3.50 4.00 0.57 14.95
Planning Employees 100 3.56 3.50 1.50 5.00 3.00 4.00 0.64 18.11
Support Managers 45 3.91 4.00 2.00 5.00 3.60 4.00 0.46 11.89
Support Employees 100 3.75 3.80 2.40 5.00 3.20 4.10 0.62 16.52
Operational activities Managers 45 4.03 4.00 2.00 5.00 4.00 4.25 0.59 14.63
Operational activities Employees 100 4.03 4.00 2.25 5.00 3.75 4.75 0.67 16.69
Evaluation of results Managers 45 4.11 4.00 1.60 5.00 4.00 4.40 0.58 14.15
Evaluation of results Employees 100 3.95 4.00 2.20 5.00 3.60 4.40 0.61 15.39
Perfection Managers 45 4.16 4.00 2.00 5.00 4.00 4.00 0.60 14.47
Perfection Employees 100 4.04 4.00 2.00 5.00 4.00 4.00 0.64 15.78
Energy management system Managers 45 3.92 3.97 1.66 5.00 3.66 4.17 0.53 13.54
Energy management system Employees 100 3.78 3.78 2.41 4.90 3.45 4.03 0.54 14.17

Source: own survey result.
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The data in Table 4 indicate that there are some differences in the assessment of the
dimensions by managers and employees. The results of the Mann–Whitney test calculations,
which allowed for a comparison of the assessment of the level of individual dimensions of
the energy management system by managers and supervisors, are presented in Table 5.

Table 5. Results from calculation of the Mann–Whitney test.

Dimension
Rank Sum

Group 1
Rank Sum

Group 2
U Z p N1 N2

Organizational context 3649.50 6935.50 1885.50 1.556 0.120 45 100
Leadership 3735.00 6850.00 1800.00 1.921 0.055 45 100
Planning 3875.50 6709.50 1659.50 2.522 0.012 45 100
Support 3674.50 6910.50 1860.50 1.662 0.096 45 100
Operational activities 3250.50 7334.50 2215.50 −0.145 0.884 45 100
Evaluation of results 3735.50 6849.50 1799.50 1.923 0.054 45 100
Perfection 3483.00 6957.00 2007.00 0.948 0.343 45 100

Source: own survey result.

The results of the Mann–Whitney test indicate a significant difference between the
assessments of managers and employees only for the planning dimension (p = 0.012, less
than the significance level of 0.05). A graphical interpretation of the results obtained is
presented in Figure 4.
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ff
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Figure 4. Graphical interpretation results for H2.

Hypothesis 2 was confirmed only for the planning dimension.
A Kruskal–Wallis test was conducted to verify Hypothesis 3, supposing that statisti-

cally significant differences existed in the evaluation of the level of each dimension of the
energy management system by respondents with different professional experiences. The
results of this test are presented in Table 6.

The results of the Kruskal–Wallis test presented in Table 6 show no significant dif-
ferences exist in the evaluation of the level of each dimension of the energy management
system by respondents with different work experiences, as all p-values are greater than
0.05. Thus, this hypothesis was not confirmed.
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Table 6. Results of the Kruskal–Wallis test.

Dimension
Value of Test Statistic

Kruskal-Wallis
p

Organizational context H (4. N = 145) = 4.296 0.367
Leadership H (4. N = 145) = 7.384 0.117
Planning H (4. N = 145) = 2.787 0.594
Support H (4. N = 145) = 3.276 0.513
Operational activities H (4. N = 145) = 3.546 0.471
Evaluation of results H (4. N = 145) = 5.104 0.277
Perfection H (4. N = 145) = 5.319 0.256

Source: own survey result.

5. Discussion

In the context of sustainable development, effective energy management by water and
wastewater companies is becoming increasingly important. The literature emphasizes the
growing threat of the depletion of vital resources such as water due to the pollution of
water resources and the continuous production of wastewater around the world.

As Wang et al. [30] showed, for wastewater treatment plants to be energy-self-sufficient,
a combination of practices and solutions for energy recovery from wastewater and energy
efficiency is necessary [14]. Therefore, it is necessary to take measures to ensure the rational
management of energy use by reducing water and energy consumption without involving
additional resources [31,32]. An established and improved energy management system can
facilitate the rational use and management of energy.

Based on the literature analysis and considering the guidelines of ISO-50001, a study was
conducted at a selected water and sewage company to evaluate its energy management system.

The following seven dimensions were considered in evaluating this system: organiza-
tional context, leadership, planning, support, operational activities, evaluation of results,
and perfection.

The results obtained by applying the Kruskal–Wallis test confirmed Hypothesis 1, re-
garding significant differences between the various dimensions of the energy management
system. Additionally, the Dunn’s test showed differences between some dimensions. This
indicates a lack of care on the part of the company’s management and employees about the
even development of all elements of the energy management system.

Regarding Hypothesis 2, a significant difference existed between the evaluations of
managers and employees for the planning dimension, which includes activities related
to the establishment of goals and ways to achieve them, as well as the preparation and
conduct of an energy review, and the determination of indicators was confirmed.

However, no differences existed in responses from the perspective of work experience
(Table 6). Thus, Hypothesis 3 was not confirmed. Despite the small differences, the analyses
indicate that the development of the various dimensions of the evaluated energy man-
agement system in the studied enterprise was not even. Taking care of more harmonious
development in all dimensions is important for the system to be more effective. Based on
this study, it was also found that the level of the energy management system was relatively
high. Leadership and planning were rated the lowest. This indicates that managers should
focus on improving these two areas.

Similar studies on the issue of the functioning of the energy management system
conducted in wood-industry companies in Serbia also showed uneven development of
individual elements in this system, which is caused, as the authors claim, by the lack of a
comprehensive approach and the lack of sufficient involvement of management staff and
employees [22].

Using modern management concepts and tools, it is possible to shape the even devel-
opment of individual elements of the energy management system more effectively while
increasing the level of knowledge and involvement of company employees. Among others,
using participatory forms of management, building an organizational culture that supports
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the issues of better energy management and environmental protection, as well as focusing
on continuous improvements in the energy management system and ongoing monitoring
of this system must be applied. The management staff are the carrier of real standards and
values in the organization, which is why they should primarily take care of the constant
development of knowledge and awareness of the company’s employees in the field of
energy management system development.

The validity of the actions we proposed is confirmed by studies by other authors
conducted in enterprises in Turkey, identifying barriers related to insufficient knowledge
and awareness of management staff and employees in the field of energy management
system development [17]. Building potential based on better use of material and human
resources supported by education and training will certainly contribute to the development
of the entire energy management system.

6. Conclusions

Energy management systems are key to the efficient use of energy resources and cost
reduction and support sustainable development goals. Energy management is an important
aspect of the activities of water and sewage companies. Water supply, sewage disposal, and
stormwater management lead to high energy consumption. Therefore, these companies
must take conscious actions to minimize energy consumption. This research contributes
to deepening knowledge about the energy management system and its perception by
both employees and company management. The results fill the identified theoretical,
cognitive, and research gap. The main objective and detailed objectives of a cognitive and
empirical nature formulated in the work were achieved through the conducted literature
analysis and research. The formulated recommendations, in turn, allowed for achieving
the practical objective.

The literature and empirical research allowed for the formulation of the following con-
clusions and recommendations regarding the theoretical, cognitive, and utilitarian nature:

1. Energy management is a multidimensional and interdisciplinary approach. This is an
important issue in the context of improving energy efficiency, rational management,
reducing costs and environmental impact by reducing energy consumption and
greenhouse gas emissions.

2. In the context of implementing an energy management system in enterprises, a holistic
and systemic approach based on the ISO 50001:2018 standard is important. A special
role in this respect is played by the management staff and their influence on raising
employee knowledge and awareness. A lack of involvement of management staff and
employees can lead to the uneven development of the system.

3. The developed tool for assessing the energy management system, based on the
ISO 50001:2018 standard, allowed for the identification of areas in which changes can
be introduced to optimize the energy management system. According to the stan-
dard, these areas concern the following: organizational context, leadership, planning,
support, operational activities, performance evaluation, and improvement.

4. Research conducted in a selected water and sewage company in the Czech Republic
confirmed the validity of the analytical methods used and showed high internal
consistency of the energy management system under study. The Kruskal–Wallis
test showed significant differences between some EMS dimensions, while the Mann–
Whitney U test revealed significant differences in the assessment between managers
and employees of one dimension—planning. However, no differences were indicated
in the assessment of the level of EMS dimensions among respondents with different
professional experience.

5. The literature analysis and the conducted research indicate that the systemic ap-
proach to energy management is still insufficiently implemented in many enterprises,
which results from, among others, the lack of involvement of the management staff,
insufficient communication, and insufficient financial support.
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6. The implementation of management tools, such as participatory forms of manage-
ment and building an organizational culture supporting the energy management
system, can contribute to a more even development of this system. Raising employee
awareness is also important, because studies conducted in other countries confirm
that the lack of appropriate knowledge is a significant barrier to the development of
the EMS.

The above conclusions and recommendations can contribute to actions aimed at
improving the energy management system in similar organizations. As a result, these
actions can have an impact on environmental protection and sustainable development. In
addition, the implementation of these recommendations can have a positive impact on the
company’s image and the satisfaction of various stakeholder groups.

This study has some limitations due to the chosen case study method for assessing the
energy management system of the selected water and sewage company. This limitation
indicates the future direction of research on a larger scale in a larger number of companies
and in companies from other industries and countries. This allows for the formulation of
more generalized conclusions. In particular, it would be interesting to find answers to the
conceptual problems that have appeared in the literature and empirical studies. They are
expressed through the following questions:

• How is the energy management system shaped by other water and sewage companies
in the country and abroad?

• Is the energy management system at a higher level in organizations where the EN
ISO 50001:2018 standard has been implemented than in organizations where it is
not implemented?

Finding answers to the above questions would allow for the formulation of more
universal conclusions, as well as the observation of many interesting phenomena that will
contribute to more effective energy management in enterprises and may be the subject of
interest in this area in the future.
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25. Zimková, E.; Gurčíková, P.; Vidiečanová, M.; Pintér, L’.; Lawson, C. Efficiency Evaluation of Water Sector in the Czech Republic:

Two-Stage Network Dea. Stat. Stat. Econ. J. 2023, 103, 462–475. [CrossRef]

26. Czech Republic to Strengthen Its Water Management Services with €300m EIB Loan. Eur. Invest. Bank 2020. Available

online: https://smartwatermagazine.com/news/european-investment-bank/czech-republic-strengthen-its-water-management-

services-eu300m-eib (accessed on 11 July 2024).

27. Kaiser, H.F. A second generation little jiffy. Psychometrika 1970, 35, 401–415. [CrossRef]

28. Bartlett, M.S. Tests of significance in factor analysis. Br. J. Psychol. 1950, 3, 77–85. [CrossRef]

29. Sagan, A. Reliability analysis of satisfaction and loyalty scales (Analiza rzetelności skal satysfakcji i lojalności). StatSoft Pol. 2003,

39–52. (In Polish)

30. Wang, H.; Yang, Y.; Keller, A.A.; Li, X.; Feng, S.; Dong, Y.-n.; Li, F. Comparative analysis of energy intensity and carbon emissions

in wastewater treatment in USA, Germany, China and South Africa. Appl. Energy 2016, 184, 873–881. [CrossRef]

31. Anton, S.G.; Afloarei Nucu, A.E. The effect of financial development on renewable energy consumption. A panel data approach.

Renew. Energy 2020, 147, 330–338. [CrossRef]

32. Taušová, M.; Tauš, P.; Domaracká, L. Sustainable Development According to Resource Productivity in the EU Environmental

Policy Context. Energies 2022, 15, 4291. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual

author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.2166/aqua.2014.094
https://doi.org/10.3390/en14165101
https://doi.org/10.24136/oc.2022.009
https://doi.org/10.1016/j.wen.2017.12.001
https://doi.org/10.1002/wat2.1510
https://doi.org/10.3390/en15062143
https://doi.org/10.1016/j.energy.2012.03.032
https://doi.org/10.1080/23311975.2018.1463605
https://doi.org/10.3390/su131910492
https://doi.org/10.21833/ijaas.2018.09.010
https://doi.org/10.1002/er.4883
https://doi.org/10.3390/su12010076
https://doi.org/10.15199/74.2020.4.4
https://doi.org/10.54694/stat.2023.26
https://smartwatermagazine.com/news/european-investment-bank/czech-republic-strengthen-its-water-management-services-eu300m-eib
https://smartwatermagazine.com/news/european-investment-bank/czech-republic-strengthen-its-water-management-services-eu300m-eib
https://doi.org/10.1007/BF02291817
https://doi.org/10.1111/j.2044-8317.1950.tb00285.x
https://doi.org/10.1016/j.apenergy.2016.07.061
https://doi.org/10.1016/j.renene.2019.09.005
https://doi.org/10.3390/en15124291

	Introduction 
	Literature Review 
	Research Methods 
	Results 
	Discussion 
	Conclusions 
	References

