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Abstract: This study analyzes the energy management approach as one of the driving factors for
sustainable development, not only in enterprises, but also countries. Sustainability of an enterprise is
defined as its tendency to meet the need of customers and stakeholders through creative and innovative
business strategies as well as activities that have a positive influence on society and environment.
In this study, sustainability is measured through the application of an energy management system,
but in the wood industry, which has an increasingly significant impact on the economic development
in one country. The aim of this research is to determine the current situation regarding the application
of energy management practices in production and service systems. The ISO 50001 standard for energy
management systems considers the energy performance achieved by an enterprise. The connections
between critical factors and the level of application requirements for the energy management system
were statistically analyzed in this research. It was found that in enterprises that have a certified
system of quality and environmental management, a higher level of energy management system
implementation is evident. The research results provide data on the scientific level for the national
policy improvement, as well as a developed model based on the Plan Do Check Act (PDCA) cycle for
energy management system application.
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1. Introduction

Sustainable development of enterprises implies a constant struggle between an innovative business
approach and the preservation of resources. Researchers in this field emphasize different views of
sustainable development [1,2]. The rational use of energy represents an increasing challenge for
companies, with the aim of preserving the environment [3-7]. Material and energy flows, as well as
their mutual interactions, have a major impact on the business model formation, whether they are
flexible and applicable to different production and/or service activities and if they provide enough
information to design a process with as much resource savings as possible and with a less negative
impact on the environment. Industrial systems, primarily production systems, are the largest energy
consumers, especially in the wood industry.

According to [8], wood processing and wood product manufacturing, excluding furniture
manufacturing, increased by 1.1% in 2018 compared with the previous year, while furniture
manufacturing itself increased by 6.3%. In 2018, the international trade of forest products increased
by 18.3% while furniture exports increased by 12% in Serbia. The wood industry in Serbia remains
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one of the few economic activities that not only has a constant surplus in international trade, but has
also been increasing every year. It is especially important for this country as one of the developing
countries with an unstable economy.

It is considered that the efficient use of wood products also includes material and energy flow
not only in the economic sector, but also forestry, manufacturing, and construction, as well as waste
management of the products. Manufacturing industries are considered to be the most analyzed
systems for the development of these models [9-12], along with optimizing resources in the wood
industry [13]. Leading to high production costs and limited material sources, significant progress has
been made in achieving high system performance through innovative solutions for energy savings and
the redesign of production processes [14-16]. The redesign of energy flows, especially in manufacturing,
can significantly improve the overall life cycle environment performance of wood products [11].

The basic factors that determine the production processes are certainly the price of energy and the
cost of energy flows. It is noted that over 80% of energy needs in the industry are compensated by
using fossil fuels [17]. Cost reduction is considered as one of the critical elements in proper energy
management, because energy savings reduce production costs and increase profits [18]. Also, energy
efficiency represents one of the key elements of sustainable development [19,20]. Especially important
is the data that estimates that the energy consumption will increase at the global level by 33.5% from
2010 to 2030 [17]. In 2000, the industrial sector used 32% of the final energy in the world, as indicated
in the study on the potential energy savings in the petrochemical industry [20]. In the industrial sector,
the energy use varies from 30% to 70% of the total energy according to [21]. According to [22,23],
the energy efficiency of the industrial sector is certainly one of the most important priorities for
monitoring and control.

The energy management system offers many benefits, such as optimizing energy consumption,
reducing costs, improving the corporate image of the enterprise, reducing the negative impact on
the environment. Therefore, organizations have developed more suitable approaches to energy
management, with the aim of reducing energy losses [24-27]. An Energy Management System (EnMS)
begins with an energy policy, defines energy goals and ways to achieve these goals, forms a system for
monitoring energy performance, and implements procedures for a continuous improvement of energy
performance [28]. The ISO 50001:2011 standard does not define specific performance criteria related
to energy consumption and efficiency. Instead, it proposes a management model that contributes
to the development and implementation of the energy policy in order to achieve the objectives and
action plans, taking into account legal requirements and information resulting from the analysis and
management energy consumption data. The standard describes the ultimate goal, but not the way in
which it can be achieved, and it does not allow the organization to fully understand its position on the
way to the ultimate goal.

This study presents the methodology based on the PDCA model from the ISO 50001 standard.
The aim was to determine the current state of EnMS implementation and enterprise energy management
awareness in the wood industry. The research was conducted by using a questionnaire within ISO
50001 requirements. The research results also include small and medium-sized enterprises (SMEs).
Results of the questionnaire are evaluated according to the analytical framework that covers company
characteristics and organizational conditions. This study represents the basis of scientific data for
improving the national energy policy as well as planning activities within the implementation of the
ISO 50001 standard in terms of sustainability. Moreover, the Serbian industry and stakeholders can
utilize the data as a benchmarking tool for comparing their results with the relevant ones in that
field, or with the industrial average. The presented data can also be used and implemented in other
markets, countries, and sectors to benchmark their results. Identifying the difference between the full
requirements application of the ISO 50001 (as a reference for EnMS requirements) and the level of
real implementation, this paper gives an insight into how energy management is implemented in the
Serbian wood industry.
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This paper is structured as follows: Section 1 defines the research context and reviews the recent
relevant literature, Section 2 discusses the methodology of the research, while Section 3 analyzes the
energy management implementation in Serbia’s wood industry, as one of the developing sectors,
grouped according to the PDCA cycle. Section 4 presents the discussion of the results, and finally the
summary of the study results is presented in Section 5.

2. Methodology

This research was conducted by using a questionnaire and data collected from interviews in
enterprises that belong to the wood industry in Serbia. One-hundred and four enterprises participated
in this research, including all sectors connected to the wood industry. The research sample used in this
research includes different territories of the Republic of Serbia, showing diversity, and has the aiming
to include different regions that are not industrially developed and urbanized. The main contribution
was that small and mid-size enterprises were included in this research, making this a unique study in
the wood industry in Serbia. What is important to emphasize is that the size of the enterprise, the level
of development, as well as the present duration on the market, influence different approaches to the
energy management system.

The analyzed research sample includes production and service enterprises in the wood industry
that are operating in Serbia, both with foreign and domestic ownership. The enterprises had to fulfill
certain criteria such as: To be registered in the Business Registers Agency in the Republic of Serbia
as a company or an entrepreneur and to be an active enterprise (not in bankruptcy or restructuring).
The distribution of enterprises by economic activity is: Cutting and wood processing 18.27%,; furniture
production 16.35%; production of pellets, cork, straw, and wicker 29.81%; manufacture of construction
materials 13.46%; trade 22.12%. It was of great importance that managers, quality managers and,
where applicable, energy managers respond to the questionnaire.

Statistical methods were applied for data processing. The average, standard deviation, and minimal
and maximal values were calculated for the analyzed parameters. In order to obtain more accurate
data and analyze the current state, it was necessary to collect some basic information about the
enterprises, their management, and business activities, as well as production and service processes.
The Mann-Whitney U test and Kruskal-Wallis test were used for qualitative analysis, and the results
are presented in this paper.

There were 104 enterprises from different territories of the Republic of Serbia. The territorial
division was adopted according to [29], and the Republic of Serbia was divided into five regions. Due to
the difficulties in collecting data from Kosovo and Metohija, this region was not included in the study.
According to the territorial division of the enterprises surveyed, most of them came from the city of
Belgrade and the Sumadija region, (29.81%) and (28.85%), respectively, being the regions with a strong
industrial background in this sector, followed by South and East Serbia (25%) and Vojvodina (16.35%).

In the first part of the paper, it was noted that the wood industry, especially in the last two
decades, has been based on small and medium sized enterprises, with regard to the profile of small
companies that are more flexible to market demands. The majority of enterprises in this research
are, in fact, micro enterprises (up to 10 employees) 74.04%, followed by small enterprises (from 11 to
50 employees) 15.38% and medium-sized enterprises (from 51 to 250 employees) 6.73%, and finally
large enterprises (more than 251 employees) with only 3.85%. The first part of the questionnaire was
related to the profile of the enterprise, not only its size (number of employees), but also the plant
surface area, manufacturing area, and accompanied facilities of the enterprise. The plant surface area
of the enterprises in the research sample is in the range from 100 m? to 55,000 m?, with the average
value 3186.15 m?, while the standard deviation of 4237.05 m? indicated that the enterprises had a large
deviation of the area in the sample.

It is important to know whether the enterprises show any interest in and make efforts to apply
current standards, and how many of them have a certified management system. The majority
have implemented ISO 9001 (Quality Management System)—54.81% enterprises, but also ISO 14001
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(Environmental Management System)—30.77%, and ISO OHSAS 18001 (Health and Safety Management
System)—28.85%. The number of enterprises that have not implemented any management system is
47 (45.19%), which is a crucial piece of data for further analysis. The majority (37.5%) has been present
on the market for more than 10 years, while 19.23% of the research sample has been present for only up
to 3 years.

For the second part of the questionnaire, which represents the energy profile of enterprises,
it was important to obtain the data about the age of equipment installed within the plant. Old and
non-serviced equipment was considered to be energy-inefficient. The largest number of enterprises
(57.69%) indicated that the average age of the installed equipment was between 5 and 10 years,
27.88% own new equipment up to 5 years old, while 14.42% operate with equipment that is older
than 10 years. In order to define the energy profile of an enterprise that depends on the complexity
of production processes, a part of the questionnaire required data about the number of used energy
sources, such as electricity, natural gas, oil, compressed air, overheated water vapour, solar energy,
wind energy, geothermal energy. The majority (88.46%) use only one or possibly two energy sources,
while 11.54% of the enterprises use 3 or more different energy sources. The interviewed enterprises
assessed how many significant energy consumers they had and what their average annual energy
consumption was: 67.31% of enterprises indicated that they have fewer than 5 critical or significant
consumers, 27.88% between 6 and 10 crucial consumers, and only 4.81% more than 11, while 38.46% of
the researched enterprises have the annual energy consumption between 200 TJ and 2000 TJ; 35.58% less
than 200 TJ; 25% between 2000 TJ and 10,000 TJ, and only 0.96% more than 10,000 TJ. These data
provide the basis for further energy audits and energy consumption monitoring, as well as control and
monitoring of key energy consumers within the production plant. Furthermore, there was also a part
concerning the number of people that are in charge and have any connection with energy management
in the process of the analyzed enterprise, in order to assess the willingness of these enterprises to
implement the energy management system. According to the results, 57.69% of the research sample
have only one person in charge of energy management. On the other hand, 8.65% of the research
sample have 3 persons dealing with this issue, 3.85% of the sample have 2 persons, while 29.81% do
not have any employed person who can in any way monitor the energy consumption or propose
energy savings.

3. Results—Implementation of Energy Management System in Wood Industry

The ISO 50001 standard provides support to enterprises in all sectors regarding a more efficient
energy use, through the implementation and development of an energy management system (EnMS).
This model of the EnMS is based on the PDCA (Plan-Do-Check-Act) model cycle. This model is
used in this research, but also developed for SMEs that operate in Serbia. It now includes a model
for systematic observation and measurement of the implementation level of energy management in
an enterprise, and can be easily used for further research in other countries. It should be noted that if
the enterprise does not have a certified energy management system, it does not necessarily mean that
it does not apply it in certain parts or sectors of its business. The questionnaire that is used as well as
the provided answers are given in the Supplementary Material.

3.1. Energy Planning and Identifying the Energy Management Enterprise Basis—The PLAN Phase of EnMs

The first phase of EnMS is energy planning or the PLAN phase, and the whole EnMS base is,
in fact, defined in this phase. The researched enterprises do not have a systematic energy management
approach in general, but it is necessary to emphasize that achieving energy savings by reducing
energy consumption requires time and is one of the long-term goals, not only for the enterprise itself,
but also for employees. Namely, the average application of the PLAN phase in this research is 32.56%.
It means that the enterprises do not show willingness for energy planning. The average response
about the implementation of the systematic approach is 22.24%. Therefore, it can be noticed that
special efforts are needed to inform and raise awareness, educate, and train employees that have the
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responsibility and managerial authorization in the enterprise on what represents the requirements
for the energy management system. Within the systematic approach, 32.12% of the enterprises have
implemented a system through which they monitor, document, and maintain energy consumption in
processes. This group certainly includes enterprises that have certified ISO 14001 and ISO 50001 as
well. When it comes to the issue of the application area of the energy management system (whether
it refers to the whole plant, part of the plant, one or more sectors, production line, etc.), 20.19% of
the enterprises recognize which part of the plant is the most significant from the aspect of energy
use. In most manufacturing enterprises, this is the area of the machine hall, which is mainly a major
energy user, while in the production sector it can also refer to only one production line. The rules and
procedures of an enterprise are in the form of a documented procedure according to the requirements
of EnMS. Data analysis shows that only 12.98% of enterprises state that there is a document/procedure
that somehow determines effective energy management (which may be an integral part of the rules
of procedure, but it does not have to be). 23.56% of the research sample responded that they have
an organizational system that includes a continuous improvement of the performance of the energy
system, as well as energy efficiency. It implies that the existence of a system is not enough, but it is
necessary to constantly monitor and control energy indicators that are directly related to the rational
use of energy and efficiency of the system.

The system approach to energy management according to the ISO 50001 standard belongs to
the systematization of the PLAN phase, which also includes the part referring to leadership, energy
planning, requirements of standards and regulations related to energy, energy profile of the enterprise,
as well as energy goals. The support of the enterprises’ management is crucial for the implementation of
any management system in almost all enterprises, regardless of size, activity, or type of business. Within
the current ISO 9001 and ISO 14001 standards, there are leadership requirements, which indicate that
the management should be an active participant in the implementation, functioning, and maintenance
of the management system. The average implementation level regarding leadership in EnMS is
37.18%. The results show that 34.13% of enterprises clearly define and determine responsibilities
as well as competences in order to ensure effective energy management. Regarding the support of
the management to promote the importance of energy savings and energy efficiency, 33.17% of the
researched enterprises state that the management emphasizes and promotes the importance of energy
efficiency and effective energy management at all levels. A significant share of enterprises 44.23% state
that the management raises the awareness of energy efficiency among employees.

Energy planning or an energy consumption plan according to ISO 50001 contains regulations that
are important for monitoring and eventual improvements in energy performance within an enterprise.
The average level of the implementation of energy planning in enterprise activities is 31.73%. Energy
consumption planning is most often realized within the framework of defining environmental plans,
which are the annual plans for the necessary amount of energy resources (natural gas, electricity, oil,
etc.). The plan of energy consumption is a mandatory part of the reports made and submitted by
individual enterprises to the Ministry of Mining and Energy of the Republic of Serbia. The collected
data related to energy planning indicate not so positive results of the research. Namely, 29.33% of the
surveyed enterprises include energy performance of the processes, plants, and business in general
in long-term plans, while 38.94% of enterprises have a defined plan of energy use, energy savings,
and system performance that is necessary to achieve in a defined period, and only 26.92% define their
plan of activities related to the energy performance of the system.

In addition to legal requirements and regulations that are mandatory, enterprises may have different
attitudes regarding legal requirements that do not have mandatory legal application, for example,
standards such as ISO 50001. The average level of application of requirements of EnMS standards
and regulations is 28.61%. Regarding the analysis of the research results, 28.85% of the researched
enterprises identified, applied, and had access to the appropriate requirements defined by legislation
(regulations, rules) related to energy use, its consumption, and efficiency. Also, approximately the
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same number of enterprises, 28.37%, ensured that these requirements were respected and monitored at
a certain period.

As part of this phase, the enterprises also defined their energy profile. The energy profile was
determined by the implementation of energy audit procedures. An energy audit can be defined
according to [30] as a systematic control and analysis of energy use and energy consumption of the
system or enterprise, with the aim of identifying energy flows and possibilities of improving energy
efficiency. In [30], it is said that determining the energy profile includes identifying and defining all
sources of energy that an enterprise uses, identifying and defining all energy consumers, amount of
energy consumption, as well as the condition of equipment and machinery used by the enterprise.
The energy profile is determined at the very beginning of EnMS and represents a direction for energy
performance improvement. The researched enterprises with defined requirements for the energy
profile comprised 35.51%. The research data showed that 19.23% of enterprises carry out energy audits,
which indicates the extent to which the energy performance of the system within the enterprise is
controlled and monitored. This data indicates the insufficient willingness of the enterprises to include in
their business processes the optional audits related to energy consumption, which is very discouraging,
since 43.24% of the enterprises have implemented ISO 14001, which implies monitoring of energy
consumption and determination of critical consumers. Only 19.71% of enterprises have clearly defined
methodology and criteria for the development and implementation of energy audits, which means
that there is a lack of clear methodology or procedure for audits. In order to develop and improve
energy audits, it is necessary to analyze the energy use and/or consumption within the enterprise and
to have detailed measurement and identification of current energy sources. At this stage, 38.94% of the
surveyed enterprises are at that level and show willingness for it. Regarding the data on the current
energy consumption, as well as the archives of old energy consumption data, the results are quite
satisfactory. Namely, 67.79% of enterprises have records of energy consumption in the past, so that they
can compare it with the current consumption; 66.83% of enterprises document energy consumption
and energy costs for a certain period; but 25% of enterprises consider possibilities for energy savings
and energy efficiency at regular meetings (monthly, quarterly). Also, one of the criteria for defining the
enterprises’ energy profile is to determine the current state of the existing building and production halls
using standard methodologies, such as building certification and obtaining a building energy passport.
The information on the existence of a building energy passport that an enterprise owns (administrative
building, factory, production hall, etc.) is present in only 11.06% of the researched enterprises.

Defining the enterprises’ energy goals can be associated with the future desired objective of the
management, along with what effects they want to achieve and in what period. This can be achieved by
applying organizational and/or technological measures to improve energy efficiency. The researched
enterprises apply an average of 38.3% of requirements in terms of defining energy goals. In order to
achieve certain enterprise goals, the management should also define an action plan for achieving certain
general or specific energy goals. Regarding clearly defined goals and constraints related to energy
consumption in an enterprise, 32.69% of the researched enterprises state that they have clearly defined
goals and limitations related to energy consumption. When it comes to action plans that should result
from the defined goals, 40.87% of enterprises define the action plans for achieving energy consumption
targets, in which specific tasks, necessary recourses, deadlines, as well as responsibilities of employees
regarding the fulfillment of those tasks are defined. The research data shows that 41.35% of enterprises
actually implement previously defined action plans for energy savings, as well as monitor energy
consumption. When defining energy goals in enterprises, the limiting factor is definitely the lack
of financial resources for the reconstruction and installation of equipment, machines, and devices,
in order to achieve better energy performance. Enterprises also state that there are no corresponding
supporting funds from the state budget or any other available funds, in order to consider purchasing
new equipment or planning reconstruction of the existing one. This certainly influences defining and
predicting action plans, because without adequate financial means it is impossible to make important
changes in the performance of production processes.
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Figure 1 shows the implementation of the PLAN phase in enterprises in Serbia. Fullimplementation
of planning in energy management is present in only 1.92% of enterprises, with 12.5% of enterprises not
applying at least some phase of the activities in the PLAN phase of energy management. The average
implementation of the PLAN phase in the research sample is 32.56%, which means that energy
management planning is being implemented, but still not present sufficiently. From the histogram in
Figure 1, it can be concluded that 46.15% of the enterprises have a level of application of requirements
for the energy management system in the PLAN phase below average, while the percentage of
organizations above average is 53.85%. It can be concluded that most of the organizations in the sample
are above the average application of the PLAN phase requirements for the energy management system.
The full implementation of the requirements for the energy management system was found in 2.7%
of the organizations in the sample, while only one organization in the survey reported the complete
inapplicability of the requirements for energy management.

2

0-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-T0% 70-20% 20-90% 00-100% 100%

B Number of enterprises

Figure 1. Application of the PLAN phase in enterprises in the research sample.

3.2. Implementation of the Energy Management System—The DO Phase of EnMS

The second phase of the energy management model according to ISO 50001 is the DO
phase, which represents the absolute inclusion of employees, communication within the enterprise,
an energy-related documentation system, as well as a process approach to energy management.
The entire documentation system can be divided into the one that can provide guidance on how to
implement activities, and the other that confirms that an activity has been performed. For successful
enterprises, both forms of reporting and communication are necessary. Also, without motivation and
involvement of employees in energy management, there can be no significant improvement. First,
it is necessary to inform and then motivate employees to take part in improving energy efficiency.
31.73% of the researched enterprises have the average level of applying the requirements that relate to
the inclusion of employees according to the requirements of EnMS. If employees are not motivated
and do not see the significance of it, they will not be able to achieve great improvements in the process
itself, which will in turn result in possible savings. Therefore, employees need to be informed about
the importance of energy performance and energy efficiency of processes and then motivated by the
management to fully participate in the implementation of EnMS. Employee motivation should also be
reflected in free communication and submission of proposals for energy efficiency.

The data related to whether employees in their annual/monthly/weekly reports include data
related to energy consumption shows that 48.56% of the enterprises in the sample responded positively.
Also, 23.56% of the researched enterprises motivate employees to have activities in which they monitor,
measure, document, or report on energy consumption at any level. The data regarding employees
training shows that only 24.52% of respondents provide employees the opportunity to attend or
complete any training, course, or lecture related to effective energy use and energy management.
Employee training is very important, both for enterprises and their readiness for the management
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system implementation, as well as for monitoring actual trends and news in that field. About one
third of the enterprises, or more precisely 30.29%, indicated their readiness to organize training and/or
employee meetings regarding education on energy management and its significance. Here the lack of
leadership can be noticed in terms of promoting the significance of energy performance of processes
and enterprises in general.

Communication related to energy management enables managers and employees to be informed
about all problems related to energy consumption, saving measures, and process improvements.
In order to achieve energy goals in advance, through defined action plans, it is essential that employees
freely communicate on all relevant data. The researched enterprises gave a very satisfactory response
in this part of research. Namely, the average level of application of the requirements concerning
communication within the enterprise in terms of energy management is 54.65%. According to
the respondents, it can be concluded that there is free communication in enterprises and that the
management encourages an exchange of information on energy management. The share of 36.54% of the
researched enterprises exchange information related to energy consumption or energy use (in meetings,
mail transcripts, etc.). It is significant that 63.94% of enterprises encourage free communication
related to energy savings, and that 63.46% of the surveyed enterprises encourage employees to make
suggestions and comments related to improving energy efficiency of individual processes. Very often,
the management exchanges its own experience of energy management with other enterprises of
a similar profile (through its associations, clusters, various fairs, etc.) and thus come up with ideas for
possible energy savings and improvement opportunities.

EnMS documentation points out the existence of procedures and rules for document management
and is related to energy consumption, energy savings, and improvement proposals. Generally speaking,
the documentation system in an enterprise can be divided into documents that indicate the execution of
a certain activity, as well as the manner of execution, and documents that indicate performed activities,
results, and measures for improvement. In addition to the existence of certain documentation, it is very
important to prescribe the appropriate procedures for document management, archiving, reporting,
traceability, and priority. In this part of the research, the average level of requirement applications was
25%. Enterprises do not use enough written reports, procedures, etc. related to energy management.
Regarding individual answers, 23.56% of enterprises stated that they had some sort of documentation
related to energy management, referring to all procedures, plans, reports, activities, instructions, etc.
Additionally, 26.44% of enterprises have clearly defined procedures for managing documentation
related to energy management. For most enterprises, the documentation related to energy management
is part of the documentation related to the environmental management system, as well as the quality
management system. The existence of documentation management procedures mainly relates to
methods of issuing, authentication, archiving, or modification of documentation, which relate to energy
management, but enterprises do not possess any software that would manage this documentation
system in any way.

In order to properly monitor the operational processes within an enterprise and enable adequate
management, it is necessary to identify all processes, with all sub-processes, activities, necessary
resources, and engaged personnel. All processes in an enterprise convert the input (raw material,
information) into the output (product or/and service that is further allocated to the buyer). Regarding
energy management, in addition to identifying and adequately describing and defining business
processes, it is also necessary to identify the energy flows in all processes, as well as those processes
that have enviable or inadequate energy performance and thus significantly influence the energy
efficiency of the process and the enterprise as well. The average level of application requirements
within the process approach is 52.4% for the researched enterprises. Regarding the process approach to
energy management, 56.25% of enterprises know and can identify processes that significantly influence
energy consumption. This data is very important because it shows that the management in these
enterprises is aware of energy consumption and energy performance in certain processes or parts of
the process. It also indicates the readiness of the enterprise for optimum energy consumption, because
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the identification of significant consumers can lead to certain measures that are necessary to achieve
the desired energy efficiency. This is indicated by the fact that 63.46% of the researched enterprises can
identify processes where it is possible to increase energy efficiency. In order for machines, devices,
units to work properly and without any losses in the production process, it is necessary to comply
with all instructions for use, maintenance, and servicing. In this regard, 37.5% of the researched
enterprises have clearly defined procedures related to the operation and maintenance of machines,
tools, and equipment, especially in significant processes, i.e., in processes that significantly contribute
to energy consumption and energy use.

Figure 2 shows the application of the DO phase in enterprises in Serbia. Full implementation of
the activities of the management system in the DO phase is not present in any researched enterprises.
The average implementation of the DO phase is 41.51%, indicating that the implementation of the
energy management definitely has potential for improvement. It can be observed that 36.54% of
enterprises have a level of application of requirements for the energy management system in the DO
phase below average, while the percentage of enterprises above average is 63.46%.

2
1 1 0

P —

0-10% 10-20% 20-30% 30-40% 40-30% 50-60% 60-70% T0-80% 80-90% 90-100% 100%

H Number of enterpnses

Figure 2. Application of the DO phase in enterprises in the research sample.

3.3. Monitor, Measure and Analyze Business Processes—The CHECK Phase of EnMS

Factual based decision-making is an integral phase of the CHECK phase of the EnMS model
according to ISO 50001. Also, factual based decision-making is one of the eight principles of quality
management. For an enterprise’s management to make a decision based on facts, there should be
a developed system of data collection and processing, so that they can be available for comparison,
analysis and forecasting. The availability of data allows predicting and proactively responding to
problems, as opposed to reactive actions when or after a problem occurs. The researched enterprises
responded very positively in this part, namely, the average level of application that relates to factual
based decision-making was 39.72%. The obtained data indicate the need for energy managers to educate
themselves in the implementation of techniques and tools for collecting, processing data, and making
trends and forecasting analysis, which would be easy to use for the enterprise’s management, on the
basis of which they should make important business decisions, plan certain activities, and include
them in the enterprise’s strategic plan.

Here, it is quite significant that 58.68% of the researched enterprises know and can define the
largest consumers within their enterprise. This refers to a particular plant, part of the plant, equipment,
system, process, part of a process, or a significant sub-process. However, not so encouraging is the fact
that only 15.38% of the researched enterprises determine the current energy performance of the plant,
installed equipment, system, or processes, in order to identify significant energy consumers. As far as
cost prediction is concerned, 47.12% of the researched enterprises can estimate energy consumption,
as well as expected costs in the future, based on their current costs, consumption, and predetermined
plans and targets. In 35.58% of enterprises, a list of priorities related to possibilities for improving
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the energy performance can be identified and is being made. Additionally, 52.4% of the researched
enterprises follow the development of new devices, systems, and production lines that have better
energy performance. In 39.9% of the researched sample, there is a person within the enterprise that
deals with monitoring, recording, and reporting on energy consumption and system savings in a certain
way. In 37.98% of enterprises, there is a record of all significant accidents or deviations related to
the variation in the expected energy consumption. Additionally, only 30.77% of enterprises possess
evidence of how much energy is spent on the production of one product from the assortment. This data
refers to the cost of a product or service through the use of energy.

Figure 3 shows the implementation of the CHECK phase in enterprises in Serbia. Full monitoring
of the functioning and effecting of the energy management system is present in only 1.92% of enterprises,
and very low implementation is present in even 22.12% of enterprises. The implementation of the
CHECK phase is 39.72%, which shows that controlling and monitoring the energy management process
is certainly not on the significant level. From the histogram (Figure 3) it can be observed that 48.08%
enterprises have a level of application of requirements for the energy management system in the
CHECK phase below average, while the percentage of enterprises above average is 51.92%. It can be
said that more than half of the enterprises are above the average application of requirements of the
verification phase, the monitoring or the functioning of EnMS.

30

25 23 24

20 19 19

13

10 ?

: 3 2 2 1 2

. 0 I 4 J J

0-10%  10-20% 20-30% 30-40% 40-50% 50-60% 60-70% 70-80% 20-80% 90-100% 100%

H Number of enterprises

Figure 3. Application of the CHECK phase in enterprises in the research sample.

3.4. Management Review and Continual Improvements—The ACT Phase of EnMS

Reviews and continuous improvements are the basis of the ACT phase of the energy management
model according to the ISO 50001 standard. Internal audits and reviews of EnMS conducted by
the management represent the opportunities to determine the current state regarding the energy
performance of the enterprise and its energy management system, as well as to consider possible ways
of improvement. The average level of application within this requirement of energy management is
15.25%. The research results show that 30.29% of enterprises conducted management reviews of energy
management (spending, saving, increasing energy efficiency), while 25.48% of enterprises defined
corrective actions and/or plans related to the current problem of energy consumption at the quarterly
and/or annual level. As for preventive measures, actions and/or plans related to energy management,
only 11.54% of enterprises recognized their definitions as very important and implemented them
in a certain period. However, 12.02% of the researched enterprises considered that the opinion of
their consumers/users of their services was not formed based on the rational energy use within their
enterprise, which is an unrepresented fact for raising the awareness of customers or service users.
Additionally, 5.29% of enterprises considered that energy savings in process activities are in direct
relation to the satisfaction of consumers’ expectation. The enterprises in the researched sample stated
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that they are largely not engaged by independent auditors for energy management audits, only 5.77%
employ external energy audit experts. Finally, 16.35% of enterprises stated that their management
defines the plans for the next period of actions, which will improve the process of production/provision
of services in terms of energy management.

Figure 4 shows the ACT phase in the enterprises in Serbia. A complete review and improvement
of the energy management system is not present in any enterprise in the sample, while very low
implementation of this phase is present in no fewer than 41.35% of enterprises. The average application
of the ACT phase is 15.25%, indicating that the review and improvement of the energy management
system is insufficiently present in the enterprises in the research sample and that it is necessary to
concentrate further reviews at this stage. Regarding the distribution of the enterprises in the research
sample, the level of application of requirements for energy management system in the ACT phase is
below average in 75.00% of the given sample, while the percentage of organizations above average is
only 25.00%. A situation is quite different from the other stages of the application of the requirements
of the management system. At this stage, additional efforts are needed to bring enterprises closer
to the requirement of reviewing and improving energy management systems, thus completing the
PDCA cycle.

50
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H Number of enterprises

Figure 4. Application of the ACT phase in enterprises in the research sample.

3.5. Analysis of Correlation between Enterprise Properties and EnMS

It is of great importance to analyze and determine the impact of characteristics of enterprises and
the level of requirement implementation of EnMs. Supplementary Figures S1 and S2 provide graphic
representations of the EnMs implementation level for each enterprise and type of management system
that enterprises have implemented and certified. Therefore, this data is taken into account for further
analysis. The Mann-Whitney U test is used for this analysis.

First of all, the implementation of a certified quality management system is analyzed along with
the data regarding the level of implementation of EnMS. The results of the analysis show that there is
a significant difference in the level of energy management system implementation and whether the
enterprises have certified quality management system or not. The level of energy management system
implementation in enterprises that have a certified quality management system (median My = 36%,
n = 57) is significantly higher than in the ones that do not have one (median Mg = 18%, n = 47).
The z-score is 6.67841. The p-value is p = 0.00001.

Also, the Mann-Whitney U test has shown that there is a difference in the level of requirements
implementation for EnMS between the enterprises that have a certified environmental management
system (ISO 14001) (median Mg = 40.31%, n = 32) and the enterprises that are not certified (median
Mgq = 26.02%, n = 72). The z-score is —6.53234. The p-value is p = 0.00014.
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In enterprises that have certified both a quality management system and an environmental
management system, a higher level of energy management system requirements implementation is
evident. The level of impact is even higher when it comes to the quality management system than for
the environmental management system. Similar results were also shown in [31].

One of the enterprise properties that has a possible influence on EnMS requirements
implementation is certainly the size of the enterprise. The Kruskal-Wallis test has shown that
the level of requirements implementation for EnMS is higher in large enterprises (median M4 = 77.04%,
n = 4) than in the medium-sized enterprises (median My = 51.02%, n = 7), or small enterprises (median
Mg = 41.33%, n = 16). The minimal level of EnMS application is present in micro enterprises (median
My = 27.55%, n = 77). Test value X? = 26.6263 and p-value p < 0.00001 show that the result is significant
for p < 0.5. The previous studies have shown that the enterprise size is important for the readiness
and willingness for management system requirements implementation, as well as EnMS requirements
implementation [23,31].

The territorial division by selected regions indicates not only the territorial affiliation, but also the
development level of those regions and the predominant activities in those areas. All of this points
to the possibility of varying enterprise development levels and, therefore, a different level of energy
management requirements implementation. In this regard, the Kruskal-Wallis Test was used to analyze
the impact of enterprise affiliation by region on the energy management implementation. The test
results indicate that there is no significant difference in the territorial affiliation of the organization
in the sample. Test value X? = 2.012, significance level p = 0.4699. For enterprises registered in the
Vojvodina region (sample with median My = 41.33%, n = 17), in Belgrade (median Mg = 53%, n = 31),
in gumadija and West Serbia (median My = 67%, n = 30), and in South and East Serbia (median My
= 55.5%, n = 26). The test results indicate that the territorial affiliation of the enterprise does not
determine, i.e., has no effect on the level of energy management application.

4. Discussion

Analysis of the research shows that the level of application of energy management in enterprises
in the research sample, observing the international standard ISO 50001 requirements implementation,
is in the range of 0 to 98 points, which is also the maximum number of points that enterprises could get,
counting all question groups that are used in the survey. The average points scored by the enterprises
in the sample were 32.78. The energy management system requirements implementation in the Serbian
wood industry is present slightly more than a third of enterprises and can be considered that it is not
on the satisfactory level. The average level of application, if the whole survey is taken into account,
is 33.45%. The enterprises in Serbia generally have a systematic approach to energy management,
but it is on a low level. It points to the insufficient willingness of the management to implement this
management system. However, energy planning is hardly even present in the strategic planning of
enterprises that have participated in the research. The documented system, as well as the involvement
of employees is almost non-existent, and therefore there is no energy policy that would clearly define
the directions for the implementation and development of an energy management system, as well
as the review of the system and the implementation of proposed improvements. In order to present
the results on a scale of 0-100%, the analysis uses data of the percentage for the energy management
system requirements application, which is calculated on the basis of the points obtained. Therefore,
the level of requirements application ranges from 0% to 100%, while the mean value is 33.45%.

From the histogram presented in Figure 5, it can be concluded that 42.31% of the enterprises
have a level of requirements application for EnMS below 30%, while the percentage of enterprises
above 30% is 57.69%. The full requirements implementation for the energy management system was
not found in any enterprise in the sample, while 12.5% of the enterprises surveyed have noted the
complete inapplicability of the energy management requirements.
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Figure 5. Implementation of energy management systems in enterprises in Serbia.

A similar, but not identical, study on the implementation of energy management measures was
carried out in Denmark for the industry in general, stating that only 3-14% of organizations implement
energy management measures [32]. The level of implementation in Sweden was determined at
25-40% [33], while in Turkey, the level of implementation of energy management measures was 22% [34].
Research done in Italy indicates that 35% of organizations were ISO 50001 certified [35]. Based on the
data pertaining to organizations in Serbia, a similar survey was conducted in [31], where the results
indicate that the percentage of organizations implementing energy management measures is about
23%. Similar, but not as extensive, research was conducted in Spanish organizations [36], where only
eight organizations were interviewed, and in Portugal [37]. In the present study, the same model
was not used as in the mentioned research papers for energy management requirements application,
so that the obtained data can only be compared descriptively and approximately. The model that
was used in the research was based on the Plan-Do-Check-Act model given in the standard and it
included energy performance indicators analyzed and developed for a detailed study of enterprises,
also including SMEs.

5. Conclusions

Based on the presented results, it can be said that the average enterprise in Serbia in the wood
industry, in terms of the energy management system, can be described as follows: The system approach
is under-implemented; top management is not sufficiently committed to energy management and
takes the measures that its finances allow; energy policy is generally not defined; energy use is
planned sporadically; employees are not involved in energy management; communication on energy
management is not frequent and on a regular basis; documentation system is not at an enviable
level; energy indicators serve to monitor the achievement of energy goals; the data collected through
monitoring and measurement are analyzed; data and trends are reviewed, but often not applied,
as there is often no financial basis for implementing the improvements provided by the data from
the analysis.

Based on the collected and processed data, it can be concluded that enterprises in Serbia
that have implemented and certified the Quality management system (ISO 9001), Environmental
management system (ISO 14001) and Occupational health and safety assessment series (OHSAS
18001) simultaneously, have an average level of application of energy management requirements over
36%. About 45.19% of enterprises do not have any management system implemented and certified,
even though their average level of application of energy management requirements ranges from
0.0% to 44.9%. It was shown that enterprises that have a certified quality management system (ISO
9001) have a higher level of energy management system implementation, as well as that large and
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medium-sized enterprises have a more significant EnMS requirements implementation than small and
micro enterprises.

Reducing costs and increasing profits, and therefore reducing energy use, represents the priority
for every enterprise. As the ISO 50001 standard was revised and harmonized last year, the standard in
Serbia is expected to be harmonized and revised in line with the current standard. It is also expected
that in the forthcoming period, a package of laws and procedures regarding greenhouse gas emissions
will be adopted in Serbia.

The presented research is planned to be conducted in other neighboring countries and the
wood industry market as well, with the aid of the strong enterprise network. The results of such
a comprehensive study will provide more precise and reliable results for policy makers.

The strength of this research is the approach for identifying the level of implementation of EnMs,
the classification algorithm by using analytical tools, and that it can be easily implemented in different
industrial environments, conditions, and legal limitations. The weakness can be observed in the
competence of the personnel that is interviewed in the study. It should be managerial positions or
energy managers that have basic knowledge of necessity of energy preserving. The limitation can be
identified in insufficient cooperation with companies and their willingness to participate in the study.
The workers in such companies should be aware of the implementation of energy saving measures in
all processes, and without their willingness, this cannot be achieved at any level. The future work
will include other important sectors as well as the proposal of a model for motivating employees to
improve their energy management knowledge and examining the factors that influence employees’
motivation for energy management.
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