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Abstract: Benchmarking is a process of improving organizational performance by recognizing,
comprehending, adjusting, and incorporating the most effective practices and procedures observed
either within or outside an organization. Benchmarking creates, primarily in industrial sectors,
clearly identified opportunities for the use of processes and resources, and detecting the continuous
improvement of their performance. From the point of view of a systemic approach to the management
of the efficiency of the performance of industrial organizations based on benchmarking, it is possible
to increase competitiveness in interaction with economic improvements. The objective of this study
is to assess the potential of benchmarking in a business, with a particular focus on the economic
aspect, by a systematic approach, and to propose a model for selecting the research segment, based
on an international company operating across multiple countries worldwide. The study concentrates
on the technical equipment of quarries in EU countries, where the company operates, employing
benchmarking, a benchmark index, and statistical methods. The proposed model was designed in an
open way that can be expanded and generalized for other manufacturing and non-manufacturing
enterprises. The model is flexible and adaptable to the specifics of other sectors as regards the need
to improve management with an emphasis on making management more efficient, and thereby
supporting sustainable development.

Keywords: benchmarking; heavy machinery; prioritization matrix; model; sustainable development

1. Introduction

Traditionally, the approaches, models, methods, and ways of working in companies
become extremely rigidified. They are not able to react flexibly to new, dynamically
changing conditions. Therefore, other solutions are gradually emerging for companies that
are pursuing prosperity in the new conditions of a globalized society. Solutions must accept
changes in the market, but at the same time trigger the introduction of new approaches
to work and the associated reorganization of companies. The main factors that cause
changes in the market are the growing use of modern information technology [1,2], the
explosion of new knowledge, unions, and information resources [3,4], the globalization
and internationalization of development, production, trade, and business [5–7], the rapid
changes in product ranges, the diversification of production, changes in company portfolios,
mergers and bankruptcies [8,9], and discoveries, inventions, technologies, and business
opportunities in new market segments [10,11].

Benchmarking is a process of improving continuous organizational behavior through
identifying, understanding, adapting, and implementing the best practices and processes
that can be found inside or outside of the organization [12–16]. Although the term “bench-
marking” was methodically specified in 1972 by American scientists, its interpretation is
constantly evolving. The purpose of benchmarking is to determine, based on research, the
need for change and the probability of success because of these changes. Benchmarking is
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done as part of competitive analysis, and is not new to most businesses, although it is a
more detailed and effective function than the competitive analysis method or approach [17].
According to Watson [18], there are three significant advantages to conducting comparative
studies. First, benchmarking provides an independent assessment of how well a process is
working, evaluating the performance of similar processes in different organizations or units
within a single organization. By measuring the performances of other organizations or
other organizational units, an objective basis for realistic quantitative performance targets
can be established. Second, benchmarking provides an incentive to make groundbreaking
change initiatives a reality by increasing the creativity and innovation of teams working to
improve processes. Third, benchmarking expands the experience base of the organization
or units. Looking at the experiences of other organizations externally or other units inter-
nally, benchmarking provides examples of behaviors, systems, and methods that enable
better performance—as well as insights into things that do not work as well.

Benchmarking also became a part of the industrial policy of the Ministry of Econ-
omy of the Slovak Republic (MESR) in 1999. It included the establishment of the Slovak
Benchmarking Information Center (SBIC) at the MESR. Although it was intended to be a
new service of the ministry, especially for small- and medium-sized enterprises, suitable
conditions for its implementation were not created [19]. The SBIC started its activity with
practically no money, and later proceeded with the considerably limited financial support
of the ministry. The SBIC was able to carry out its first, primarily educational activities, only
thanks to the financing of the Coordination Center for Economic Advice at the German
Embassy [20]. The main purpose of the SBIC was not only benchmarking awareness, but in
particular, the practical application of benchmarking methods at the corporate level. The
positive move that was made was the decision to purchase a license to access the UK’s
extensive Benchmark Index database. All EU countries using this method had to do the
same, but with the difference that the European Commission licensed EU countries (in
1999), so they could use this method as a free service. In the Slovak Republic, however,
there were significant differences in the adoption of this method. Due to the need for a
return on the investment in the license, the original British No-Business principle has been
replaced by the Small Business principle, which has been demotivating, especially for small
businesses. The interest in this method did not meet expectations. Therefore, there were
not many companies that could be presented as successful in the context of identifying
companies for business benchmarking projects. The consequence of this situation was the
declining interest in benchmarking projects during 2004, at which time positive effects were
already expected from the successful companies from the previous year. A paradoxical
situation arose: the Ministry of Economy failed to provide funding for the purchase of a
business benchmarking license using the Benchmark Index method at the right time, thus
contributing to making the widespread use of this method impossible in Slovakia. Now,
however, by providing a financial contribution to industry studies for its use, it is causing
an undesirable effect—it is practically stopping the use of the license purchased in the
interest of companies, which was the main goal of the establishment of the SBIC at the
Ministry of Economy of the Slovak Republic [20].

This study aims to determine the potential use of benchmarking in the business en-
vironment based on a benchmark analysis and assess the benefits for businesses, taking
into account the economic aspect and sustainability. The aspects of the processing and
subsequent modeling of the problem of selecting the research segment are outlined based
on an international company that operates in several countries all over the world. The
study offers a case study of what is required of a company to set the parameters for the
internal operation of its branches. Based on the inputs from the company, a benchmark
was constructed for the energy and environmental sustainability of the company. The
acquired knowledge was generalized and applied in the creation of a model with sustain-
able processes, which are applicable not only in the studied company, but also in other
manufacturing and non-manufacturing industries and companies.
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The particular objective of this study was the reduction of the negative impact of
the industrial production of a large transnational company on the environment. In order
to achieve this, objective benchmarking was introduced to improve the efficiency of the
operational and service activities of the company’s branches as regards their sustainability
in the countries under study, and thus affecting the whole region.

2. Materials and Methods
2.1. The Company

Within the investigated company, the research was concentrated on the field of mining
in quarries and the technical equipment used. The company has branches in several
countries, thus the technical equipment used in its subsidiaries was compared; therefore,
internal benchmarking was performed for the given surface quarries. Information regarding
the company’s parameters is presented without the name of the concerned company. All
information regarding machines and equipment is taken directly from the investigated
company. The company has a total of 1255 machines, but for the analysis, only a significant
group has been specified, as mentioned, which are located in quarries. These quarries
are located in the territories of the Czech Republic, Hungary, Slovakia, Croatia, Poland,
Slovenia, and Romania. As part of the ensuing selection, it was necessary to examine the
partial equipment of the individual countries. The final sample used for the benchmarking
was selected as follows. The eliminated machinery was located outside the quarries and
was mainly used for handling within the construction industry. At the same time, in
the countries that entered the process, it was necessary to select the equipment used for
handling aggregate in quarries, and not for its processing. In total, a sample of 105 dumpers,
loaders, and excavators was selected. The sample was selected based on consultation with
the company regarding their demands without any exact explanation for them. This fact
has no impact on the analysis, the results of the study, or the proposed model. From the
total number of 1255, all wheel loaders with an output of less than 110 kW, belt excavators
with an output of less than 35 T, and, last but not least, rigid dumper payloads with an
output of less than 40 T were excluded from the selection.

2.2. The Benchmarking

In benchmarking, which is characterized by the interaction between socioeconomic
and managerial areas, several methods for the evaluation and interpretation of results are
used. The benchmarking procedure is based on a systematic comparison of organizational
processes and performances. There is no benchmarking methodology that can be simply
adopted. However, there are common features of benchmarking that allow speaking about
the benchmarking method and necessary steps to be taken within the benchmarking. The
method generally used to describe a process is based on an input/output approach and on
a formalization of the sequence of activities that make up the process [21,22]. To describe
the processes, a systemic approach, including a description of the activities in the process
with a description of its structure and history, was chosen [23–25].

The benchmark was constructed based on data from the company described in
Section 2.1. The parameters were set according to the requirements of the company for the
payload, average fuel consumption, and the frequency of service regarding operating time.

2.3. The Benchmark Index

The Benchmark Index is the most suitable indicator for small and medium-sized
enterprises [26,27]. Due to the more general nature of the research, this indicator does
not provide answers to certain specific questions related to, for example, research and
development methodology, innovation in the company, human resources management and
corporate culture, and different approaches to outsourcing, which can affect the success
of the company. The classic method of benchmarking can be used by any company that
has the conditions it is intended to address, that is, the company must have a policy on
benchmarking, human and financial resources or full management support, etc. A very
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important and at the same time troublesome step in benchmarking is obtaining a bench-
marking partner [28]. This is not only a matter of persuading the company management,
but also of persuading the management of another company, which is often a direct com-
petitor, to join the “game with open cards”. It is appropriate if the company can identify an
ideal partner from the existing group of companies with which it has already cooperated
in the past. There is therefore a certain synergy, a demand for further cooperation, basic
mutual knowledge of business methods, and, above all, the possibility to learn something
useful from one another. In short, it is not difficult to compare certain areas of a company,
which have been economically and promptly selected, with those of a partner in the same
industry. This can include, for example, human resource management, products, cost of
production, etc.

The score of benchmarking is a sum, quantifying the weights of particular benchmark-
ing approaches based on benchmarking keywords (KPI, reduction, maintenance, number
of vehicles, utilization, fuel consumption) and their corresponding partial weights, set by
the company. The score is given by the sum of the partial weights (wi) determined by the
individual compared parameters in terms of percentage, which also exactly identifies their
position in the benchmarking area.

SCORE = ∑ wi, i = 1, 2, . . . , n, (1)

n is the number of benchmark keywords.
Further information on the benchmark index can be found at https://www.financestrategists.

com/wealth-management/investments/benchmark-index/ (accessed on 20 December 2023).

2.4. Statistical Methods

Descriptive statistics is a part of statistics that deals with the description and summary
of data properties [29,30]. The goal of descriptive statistics is to provide a comprehensive
view of a dataset and enable a better understanding of its characteristics. There are two basic
types of descriptive statistics: numerical and graphical. Numerical descriptive statistics
uses mathematical calculations to obtain the quantitative characteristics of data, such as
means, medians, standard deviations, and percentiles. Graphical descriptive statistics uses
visual graphical representations such as histograms, boxplots, scatter plots, and more to
show relationships between and distributions of data. Descriptive statistics are also used
to solve the problem of the assessment of possibilities, because the data collected from
relevant sources were not modified in any way; nevertheless, the data were only sorted
into statistical files according to clearly identified indicators, and according to the time
horizon. The sorted data have been displayed according to the time factor in this way using
histograms, line graphs and their combinations, or pie charts.

The average value is one of the most basic characteristics of a set of values that is used
in descriptive statistics [31,32]. It is the arithmetic mean of all values in the set. The basic
formulae that have been applied for the descriptive statistics follow.

Average value (x) is the sum of all values (xi) with the number of values (n),

x = ∑ xi/n (2)

This calculation is used to determine the average value for any set of values. The
average value provides a basic view of the central tendency of the dataset, and allows a
comparison of values in the set. However, it is important to note that if there is a set of
values with significant outliers, the average value can be affected by these values and may
not be representative of the majority of the data. In such cases, other characteristics should
be used, such as the median, quartiles, or percentiles, to get a better view of the overall
distribution of values in the set.

Median is the middle value that divides the ordered set of values in half [33]. If the
number of values is even, the median is the average of the two middle values. If the number

https://www.financestrategists.com/wealth-management/investments/benchmark-index/
https://www.financestrategists.com/wealth-management/investments/benchmark-index/
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of values is odd, the median is the middle value. In the more common case, when the mean
value of the distribution is not known, it is estimated by the arithmetic mean.

Standard deviation (s) or its equivalents is

s =
√
(1/(N − 1))∑(xi − x) (3)

where N is the number of measurements, xi is the measured value and x is their arith-
metic mean. The concept of the standard deviation is also often used in the analysis of
sample estimates.

2.5. Finding a Partner for Benchmarking

Finding a suitable partner for benchmarking can be challenging, but several steps
can be taken to increase the chances of success [34]. Based on the selected methods, it is
possible to find the correct partner for a successful match [35]. As internal benchmarking
is done, it should be much easier to find the match because the outside impact can be
eliminated. Identify the needs: First, it is necessary to identify the areas of the business
for benchmarking. This will help determine the type of partner you need. Look for
potential partners: Look for companies that are similar in size, industry, and scope of
operations. Potential partners can be found through industry associations, trade shows,
conferences, and online directories. Reach out to potential partners: Once the potential
partners are identified, it is necessary to reach out to them and explain their interest in
benchmarking. Be clear about what you are looking for and what you hope to achieve
through the benchmarking process. Evaluate compatibility: Evaluate the compatibility of
the potential partners by looking at their company culture, values, and goals. It is essential
to have a partner who shares similar values and is committed to the benchmarking process.
Sign an agreement: Once a suitable partner is found, sign a formal agreement that outlines
the terms and conditions of the benchmarking process. This agreement should cover
topics such as data sharing, confidentiality, and intellectual property rights. Conduct
the benchmarking process: Finally, conduct the benchmarking process by collecting and
analyzing data, identifying best practices, and developing an action plan to improve the
business processes [36].

2.6. Strategic Profile

The strategic profile method is mostly used to compare with the profile of the strongest
competitor in a specific market segment, or with general market requirements [37–39]. It
very clearly depicts the strengths and weaknesses of the company. It can be said that an
ideal profile is one whose parameters are at least at the level of general requirements. It also
states that all parameter values do not have to be at level five (the maximum value), but the
general requirements should be at least partially copied in the profile [40]. According to
Porter [41], one of the basic goals of strategic diagnostics is to reveal the company’s decisive
strengths as a source of possible competitive advantage, which forms the central idea of its
competitive strategy [42]. The strategic profile represents a complex of evaluations or levels
of selected parameters of the company’s competitiveness. Its main features include [43]:

• It shows the company’s strengths and weaknesses, which it compares with the profile
of another company or with the general requirements of the market;

• The ideal profile is when all parameters are at the level of general requirements;
• The result is displayed using a graphic form, which enables quick inference regarding

the quality of the company’s internal environment;
• It is necessary to cover all functional and cross-sectional areas in the company;
• After the graphic representation, the manager can quickly check the company’s

strengths and weaknesses.

A scale from 1 to 5 is used for the point evaluation of the criteria, where 1 will represent
an unfavorable evaluation and 5 a favorable evaluation of the criteria.
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3. Results
3.1. The Company Activity

The company has a wide portfolio of activities. The entire concern is divided into four
main areas, which are construction, residential development, commercial development,
and infrastructure. From the point of view of the global group, it operates in the Czech
and Slovak Republics in all the aforementioned areas; however, the company is only
active in construction and residential development. Other spheres of activity fall under
other branches of the holding. The core business mainly concerns construction activities,
especially in the fields of transport, civil, housing, engineering, and industrial construction,
as well as the development activities and facility management. The company undertakes
its business mainly through its activity, but also through subsidiaries with different focuses
in the Czech Republic and Slovakia.

It is advisable to further specify the individual subjects of the activity. In the field of
housing construction, the company also focuses on the construction of housing units and
complexes in terraced or individual houses. In civil buildings, the company is a supplier
of business premises in shopping centers, administrative buildings, sports centers, hotels,
airport terminals, and educational facilities. At the same time, it also focuses on the recon-
struction of historical buildings. The company is a supplier of various industrial buildings,
mainly production halls with a load-bearing structure made of reinforced concrete or steel,
including engineering and telecommunication networks. It also focuses on the construction
of logistics and warehouse centers.

Activities in engineering and ecological constructions are most often associated with
water supply and sewerage, pipe systems, wastewater treatment plants, low-energy build-
ings, and landscape and orchard improvements.

In the area of road construction, the company mainly implements expressways and
motorways. Together with this, it is a supplier of linear constructions, urban roads, cycle
paths, and airport areas. From a technological point of view, it deals with concrete and
asphalt roads and airport areas, as well as the production of asphalt mixtures and concrete
mixtures. The company is also an important contractor of railway construction. In this
area, the company is most active in the modernization, optimization, and reconstruction
of railway corridors and regional lines, as well as the construction and reconstruction of
railway stations and sidings. The company also deals with urban rail transport and owns a
network of concrete plants, manufactures steel and reinforced concrete structures for other
construction entities, engages in specialized construction activities (for example, ecological
disposal of asbestos or geodetic surveys), and, for external customers the company offers
the rental of construction mechanization, as well as services and facility management.

3.2. Analysis of Heavy Machinery in Selected Quarries

Within the company, as mentioned above, a benchmark concerning the best parameters
within the machines located in the quarries will be discussed. The company needs to find
out which of the subsidiaries could serve as a model example for the improvement of the
parameters and even the convergence of others. A very interesting part is the environmental
component, which is also monitored in the company in order to reduce the burden on
the environment introduced by emissions, and the company wants to know which of its
branches has the idlest engine hours (a situation where machines are waiting to work with
the engine on). The following groups of machines were selected from the overall list, taking
into account their work directly in the quarry. The data obtained from the company for
selection and processing for the year 2022, a period determined due to the pandemic, were
not relevant enough. If we were to use the pandemic period, it would not be possible to
objectify the information, as the years 2019–2021 were not within the standard because
the company was partly closed due to the situation with COVID-19, and from this point
of view, the data are not sufficiently relevant for processing. The year 2022 was the first
in which it was possible to realistically evaluate consumption and motor hours, as the
operations worked without restrictions during the entire monitored period.
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The first examined group comprised tracked excavator machinery. In selected coun-
tries, a group of excavators over 35 T was selected. A tracked excavator differs from a
typical excavator, due to the added tracking system instead of wheels on most excavators.
The steel tracks provide the excavator with further resistance and grip on the surface
they are operating on. Tracked excavators, also known as crawler excavators, are heavy
equipment machines commonly used in construction, mining, and other industries for
digging and excavation tasks. They are designed with a set of tracks or crawlers that
provide stability and mobility on rough terrain, allowing them to operate in a variety
of conditions.

Tracked excavators are typically equipped with a long, articulated arm or boom that is
attached to a bucket at the end. The arm is operated by hydraulic cylinders, allowing the
operator to move the bucket in a wide range of motions and to dig deep into the ground.
The bucket can also be swapped out with other attachments, such as a breaker or grapple,
to perform other tasks.

Often referred to as cranes or hoes, a track excavator is a common piece of equipment
that is used when digging large holes. There are many uses for a track excavator. Digging
ditches and basements, demolition, and breaking up structures are just a few. Table
S1 (Supplementary Materials) describes the devices located in the studied countries as
well as their average consumption in terms of engine hours (L/wh). Figure 1 presents a
comprehensive summary of devices by manufacturer and country, with the cumulative
number of single machines.
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For tracked excavators, the priority areas were set for benchmarking evaluation.
Among the investigated companies, three that are important in terms of data complexity
were selected, which vehicle fleets were interesting due to their wide range (Figure 2).
For tracked excavators, items such as the average consumption of the given stationary
equipment in the global context of all participating countries were used, as this totalized
value reflects more accurate values that give a better perspective on the reality of the
consumption of individual machines. Another important component was the age of the
self-heating equipment, as this has a significant effect on consumption as well as the
necessity of shutdowns due to unrefined repairs that cost a lot of money. Subsequently, the
actual service routines that are performed every 250 motor hours were considered. One of
the monitored areas was the utilization of the given devices, mainly related to the correct
setting of the number of devices. More comments on Figure 2 can be found in Section 3.3.
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Figure 2. Benchmark analyses of tracked excavators for selected countries.

The second compared group comprised wheel loaders. These are pieces of heavy
equipment usually found in construction projects and building sites. Wheel loaders are
heavy equipment machines used in construction, mining, agriculture, and other industries
for loading materials such as dirt, gravel, sand, rocks, and other loose materials. They
are typically equipped with a large bucket at the front, which can be raised and lowered
using hydraulic cylinders, and can also be tilted to dump the load into a truck or other
receptacle. Wheel loaders can load and transport a variety of materials, such as earth, sand,
gravel, and rocks. Since they use wheels, their mobility on roads is better, and they do not
damage asphalt or concrete. Wheel loaders come in a range of sizes and configurations to
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suit different applications. They are typically powered by diesel engines and are equipped
with large, heavy-duty tires for traction on rough terrain. They can be operated by a driver
seated in a cab or by remote control. In this study, large loaders with a power of more than
135 kW, which are suitable for work in quarries, were selected. As for the tracked excavators
and wheel loaders, the number of devices from specific manufacturers was considered to
measure the preferences of the investigated company. Table S2 (Supplementary Materials)
describes the devices located in the studied countries as well as their average consumption
in terms of engine hours (L/wh). Figure 3 presents the number of individual devices by
country and manufacturer.

Sustainability 2024, 16, x FOR PEER REVIEW 10 of 23 
 

configurations to suit different applications. They are typically powered by diesel en-

gines and are equipped with large, heavy-duty tires for traction on rough terrain. They 

can be operated by a driver seated in a cab or by remote control. In this study, large 

loaders with a power of more than 135 kW, which are suitable for work in quarries, were 

selected. As for the tracked excavators and wheel loaders, the number of devices from 

specific manufacturers was considered to measure the preferences of the investigated 

company. Table S2 (Supplementary Materials) describes the devices located in the stud-

ied countries as well as their average consumption in terms of engine hours (l/wh). Figure 

3 presents the number of individual devices by country and manufacturer. 

 

Figure 3. Number of wheel loaders by manufacturer and country. 

For wheel loaders, the priority areas were set for benchmarking evaluation. Among 

the investigated companies, three were important in terms of the complexity of the data, 

and the vehicle fleets were also interesting for their wide range (Figure 4). Subsequently, 

the service processes, as already mentioned above, were considered. These were carried 

out in regular cycles according to the manufacturer’s recommendations. One of the 

monitored areas was the utilization of the given devices, mainly via the correct setting of 

the number of devices as well as the optimization of costs. It is important to mention that 

the COVID-19 period affected the age of the given equipment, as there was an interrup-

tion of supplies from the supplier. As with passenger cars, chips, and other technological 

devices needed in the supply chain, they also failed. In this case, the delivery time was 

extended from 6 months to 18 months. In another case, equipment that, under other cir-

cumstances, would no longer be in the company’s fleet had to be used. More comments 

on Figure 4 can be found in Section 3.3. 

The last comparison group is composed of rigid dumper payloads. As part of the 

investigation, the number of countries in which the given equipment is used in mining 

works and quarries was assessed. Rigid dumpers, also known as rigid dump trucks, are 

heavy equipment machines commonly used in mining, construction, and other industries 

for hauling materials. They are designed with a rigid frame and a dump body that is 

mounted on top of the frame. The dump body is hydraulically operated and can be raised 

and lowered to dump the load. The payload capacity of a rigid dumper depends on the 

Figure 3. Number of wheel loaders by manufacturer and country.

For wheel loaders, the priority areas were set for benchmarking evaluation. Among
the investigated companies, three were important in terms of the complexity of the data,
and the vehicle fleets were also interesting for their wide range (Figure 4). Subsequently,
the service processes, as already mentioned above, were considered. These were carried out
in regular cycles according to the manufacturer’s recommendations. One of the monitored
areas was the utilization of the given devices, mainly via the correct setting of the number
of devices as well as the optimization of costs. It is important to mention that the COVID-19
period affected the age of the given equipment, as there was an interruption of supplies
from the supplier. As with passenger cars, chips, and other technological devices needed
in the supply chain, they also failed. In this case, the delivery time was extended from
6 months to 18 months. In another case, equipment that, under other circumstances, would
no longer be in the company’s fleet had to be used. More comments on Figure 4 can be
found in Section 3.3.

The last comparison group is composed of rigid dumper payloads. As part of the
investigation, the number of countries in which the given equipment is used in mining
works and quarries was assessed. Rigid dumpers, also known as rigid dump trucks, are
heavy equipment machines commonly used in mining, construction, and other industries
for hauling materials. They are designed with a rigid frame and a dump body that is
mounted on top of the frame. The dump body is hydraulically operated and can be raised
and lowered to dump the load. The payload capacity of a rigid dumper depends on the size
and configuration. Smaller rigid dumpers used in quarries and construction sites typically
have a payload capacity of 20–30 tons. Larger rigid dumpers used in mining applications
can have a payload capacity of up to 400 tons or more. The payload capacity of a rigid
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dumper is determined by several factors, including the size of the dump body, the strength
of the frame, and the power of the engine. Other factors that can affect the payload capacity
include the weight of the machine itself, the terrain, and the distance that the materials
need to be transported. Table S3 (Supplementary Materials) describes the devices located
in the studied countries, as well as their average consumption in terms of engine hours
(L/wh). The heavy machinery used in selected companies is overviewed in Figure 5.
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For rigid dumper payloads <40 T, the priority areas were set for benchmarking evalua-
tion. Among the investigated companies, three were important in terms of the complexity
of the data, and the vehicle fleets were also interesting for their wide range (Figure 6). It is
also important to mention that the COVID-19 period affected the age of the given equip-
ment, as there was an interruption of supplies from the supplier. In this study, equipment
that under other circumstances would no longer be in the company’s fleet also had to be
used. More comments on Figure 4 can be found in Section 3.3.

Based on the findings, countries that did not have all the necessary data were elimi-
nated from the group of subsidiaries of interest, as benchmarking would not be suitable for
them. In this case, when all relevant information is not fully represented, it is necessary to
completely exclude countries like Croatia, Poland, and Slovakia from the benchmarking.

3.3. Benchmark Identification and Prioritization

In order to establish a benchmark, the overall state of all sub-variables was evaluated
(Figure 7). As not only the company branches but also the provided services were con-
sidered, the KPIs for the identification of benchmarking for the partners were related not
only to the studied machines, but also to other equipment. This fact resulted in different
KPIs. While Figure 7 includes all the considered countries, Figures 2, 4 and 6 present an
exact comparison of the real state of the benchmarked company, and only include the
selected countries as discussed in Sections 2.1 and 2.2. The values of the score (Equation (1))
were obtained as a sum of weights based on keywords. The given levels of the indicators
(Target/Benchmark/Std) were quantified directly by the analyzed company. The red dash
lines represent the values of particular parameters that were set based on the internal
requirements of the company, not representing an average value but the highest limit value,
determined by the type of vehicle. After the detailed analysis, the individual quarries in
the countries and their equipment were sufficiently mapped, and thus the overall sum-
mary was much more effective. Using the processed data, after the basic evaluation, the
countries that did not meet all the variables entering the process were eliminated. It was
necessary to exclude these countries, as they would distort the overall process and course
of benchmarking. These items included reducing the time when devices are idle. This
activity can be monitored by telematics, which is a system for collecting operational data.
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Telematics collects information and data for GPS monitoring, consumption, engine speed,
error messages, and others. Based on this information, it is possible to predict the overall
condition of the machine, as well as its optimal use. Another item investigated was the
length of maintenance for operational machines, which is carried out after every 250 motor
hours. As part of the given maintenance, the time per machine is approximately one work
shift, but of course, its utilization and the space itself wherein the equipment is located have
a high influence on the length. If the machine is operated in difficult conditions, usually
the maintenance time reaches the upper limit of the required time. If hidden defects are
discovered during routine maintenance, it is even longer, depending on the difficulty of the
repair, the availability of spare parts, etc. The number of vehicles and their age were also
investigated, as the state of the vehicle fleet has a direct impact on cost optimization and
repair requirements. Fuel consumption and its monitoring are important for determining
average values for calculating total costs. In this case, telematics is also used, which moni-
tors deviations from the set values given by the manufacturer as well as within the internal
monitoring of operations. Then, the monitoring of devices and performing of additional
analyses that should help optimize consumption can be started.
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Figure 7. Partner identification for benchmarking.

To derive a better set of priorities, a prioritization matrix was applied as the ba-
sis for the evaluation of which part should occupy a leading place for the company in
order to ensure effective management. Figure 8 shows the calculation, as well as the
inputs that were identified as problematic and the subsidiaries, and evaluated them as
the most problematic areas. As mentioned in the comments below the figure, the weights
were obtained based on the prioritization of the company, and the assessment criteria
were also identified based on the company’s internal requirements. The values were set
as 1—cannot perform, 2—perform with help, 3—perform, 4—perform effectively, and
5—perform superior (benchmark leader).

The company should show increased vigilance over unauthorized start-ups of motors,
as some workers do not switch off the equipment, and this leads to an increase in fuel
consumption, while, at the same time, technical service becomes more expensive, as it is
established based on an internal directive and manufacturers’ recommendations every
250 motor hours. After evaluating the performed analyses, the problem areas in the
investigated companies are mainly fuel consumption, machine downtime, the age of the
mechanisms, as well as the frequency of service in relation to their operating time. Based
on the results for the strategic profile, obtained via the analysis performed, we found where
companies are lagging, or where they have a competitive advantage. After the analysis, we
have inferred that the management’s efforts should be aimed at eliminating weaknesses
and strengthening the company’s competitive advantages. The main benchmark among
internal companies is the company based in company CZ, which received the highest
number of points from our calculations. The strategic profile thus addresses the question of
how to create and strengthen a long-term competitive market position and subsequently
fulfill the individual goals of a company that is progressing in the given area [42].

Benchmarking in quarry mechanization enables the company to constantly monitor
and assess its performance as regards its operating techniques against other company
branches [44]. The services connected to quality control and improvements in team spirit
and morale result are connected to the behaviors of the parties involved—employees work-
ing with the equipment (machines) and the employees of the service—who have significant
influence over sustainability. Simply put, if the machine is idle and the employees do not
turn the engine off when not in use, the machine must be serviced more often, which means
increased costs. The process is important for the continuous improvement of an industry’s
maintenance and expense levels, as some of the benefits derived from benchmarking in
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mechanization industries include and identify information that will enhance throughput
and lower expense [45]:

• Improvement in information flow between all departments;
• Improvements in services and quality control;
• Reduced overall expenses;
• Improvements in team spirit and morale.
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3.4. Model for Improvement in Benchmarking for Industries

A methodology was proposed for the development of an internal benchmarking model
for the company under survey. The model was created using algorithmization based on
the results of the benchmarking. In the created model, the potential of improving the
activity and its efficiency by undertaking simple steps was raised. The goal of the model
in Figure 9 is, for any company, for it to be applied across the board in all its branches,
which would unify the structure and content and thus facilitate internal benchmarking.
Within the internal processes, the variables must be unified, as this speeds up the bench-
marking process, making it more efficient from the points of view of both human resources
and costs.

Given the needs of the benchmarking model proposed for streamlining internal pro-
cesses, it is necessary to exactly define the platform for comparing the performance param-
eters obtained from detailed analyses of the internal environment of industrial enterprises.
If the input parameters necessary to create a comparative platform are not available, it is
essential to obtain an expert evaluation of the internal processes of data collection with
the aim of its construction. In the absence of input parameters containing the necessary
qualitative or quantitative benchmarking data, it is necessary to choose an effective method
allowing the clear conversion of benchmarking factors. The thus-obtained benchmarking
factors will be quantified by weight levels determining their importance in the benchmark,
with an emphasis on the exact quantification of the permissible value of the partial input
parameters of the comparative benchmarking platform. After the exact quantification of
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the performance parameters, in a logical sequence, the company proceeds to their mu-
tual comparison and the creation of benchmarks, the summarization of which determines
the performance category: poor, moderate, or good. If benchmarking reveals the poor
performance of the company, significant streamlining is necessary to ensure continuous
performance improvement. If benchmarking shows the moderate performance of the
company (the performance is lower than the requirements), a small amount of streamlining
is necessary, determining the continuous improvement of performance. If benchmarking
shows the good performance of the enterprise (performance is better than requirements),
there is no need to seek any continuous improvement in performance.
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4. Discussion

The benefits that benchmarking offer to society manifest in several areas. As part of
the internal benchmarking, the biggest weaknesses of the investigated companies were
revealed. A problem area that significantly affects the costs and potential return is related
to downtime reduction. The analyses reveal that reducing the time during which the
equipment is not performing work could reduce costs in several areas. The causes are
different, but the primary source is the human factor. In principle, for various reasons,
machinists do not turn off the equipment, and even when they are not working, the
equipment is on. Remedial measures should therefore be taken based mainly on interviews
with persons interested in the activity itself, as well as their superiors. In each investigated
company, a data collection system is applied, and its use should help in identifying the
facilities and the responsible persons. The consequences of this activity are as follows:

• Increased maintenance costs, as the system is set for maintenance after 250 motor
hours, and in this case, real equipment reaches this time point earlier than it would
under a reasonable workload;

• The selling price is reduced by considering the condition of the vehicle and its lifespan,
and costs associated with consumed fuel are thus reduced;

• The burden on the environment caused by exhalates would be reduced;
• The service cycle and associated costs would be optimized.

If the company accepts the proposed solution, there will be significant cost savings.
After the implementation of benchmarking, the management of the organization should
approach the evaluation of the real benefits of benchmarking (even in comparison with
the efforts and costs) and decide on the continuation and further use of the benchmarking
method in the improvement of the organization and its managed area. Sharing the results
and experience derived via the application of benchmarking not only directly with man-
agement and benchmarking partners, but also in the form of a workshop, via the intranet,
or so, can help to convince the employees about the positive influence and impact on the
organization of this approach.

As with any repetitive process, there should be gradual improvement and learning
from mistakes [46,47]. The organization should correctly recognize the essence of the
good practice it is interested in adopting. It should also understand all the contexts that
need to be respected when adopting good practice (a change in the process may also
require the modification of management and evidence documentation, the modification
of the organizational structure, or the acquisition and introduction of new technologies or
competencies). In the standard conditions of the agreement of benchmarking partners, each
of the partners should carry out the collection of data related to all agreed benchmarking
indicators. Therefore, it is important that the final set of indicators truly represent the
interests and commitments of each member of the benchmarking partnership. A potential
factor limiting the number of approved indicators is the difficulty of finding data or
performing measurements to determine the resulting value of the indicator. The largest
share of resources used in the implementation of the benchmarking methodology often
consists of collected data [48,49].

The key contribution here is the design of an effective internal benchmarking model,
established via a systemic and complex approach to the solution of the described issue. This
system integrates two interactive levels, namely, the level of the regular monitoring and
evaluation of management based on clearly defined indicators [50,51], and the evaluation
of viability, determining the production power and competitiveness, and thus creating
benefits [52]. A model of effective benchmarking was proposed in the form of an open
model that can be constantly expanded, and, after generalization and the addition of specific
determinants of the course of activities, it can also be applied in solving this problem in other
enterprises of a manufacturing and non-manufacturing nature in other national economic
sectors. The openness of the proposed model indicates its flexibility and adaptability to the
specifics of other national economic sectors, which require other new evaluation methods to
determine the production capacity and viability of manufacturing and non-manufacturing
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enterprises. In this way, it would be possible to modify the proposed model and adapt
it to the needs of improving management, with an emphasis on making management
more efficient during service, solving the issue of minimizing downtime, and reducing the
carbon footprint and thereby supporting sustainable development.

5. Conclusions

This study was focused on the use of the benchmarking method in business. The main
goal was the harmonization of individual processes and their subsequent implementation
and generalization for the creation of a model that can also be used in other industrial
branches. Benchmarking represents a medium for comparative analyses that will directly
determine the continuous improvement of the performance of industrial enterprises, with
the aim of improving their sustainability on the market and supporting their sustainable
development, as this contributes to meeting the needs of all market participants. The results
of benchmarking also clearly support the sustainable development of the environment
through the continuous improvement of the internal processes of companies in such a
way as to mitigate the impacts on environmental quality, including environmental health.
These facts are also highlighted by the results of the presented benchmarking study, which
emphasize the increased efficiency and quality of individual internal processes of the
compared companies, while also respecting the variables related to the sustainability of
companies on the industrial market, so as to better satisfy the needs of not only current
but also future customers, and thus constantly improve the customer base–supplier re-
lations. Effective performance, as well as the high-quality, responsible, and transparent
management of the internal processes of companies in the industrial sphere, are key when
determining their competitiveness and sustainability on the industrial market, with the
necessity of continuous improvements based specifically on benchmarking. Two main
conditions enabling the implementation of benchmarking were addressed, namely: the at
least acceptable readiness of enterprises, and the existence of a functional strategy for the
work procedure. The fulfillment of these conditions is important because:

• Without them, the documents and preparation necessary for creating benchmarking
will not be prepared correctly;

• Without them, certain facts will not be given the importance necessary;
• The meaning and benchmarking may change, which may affect the chosen strategy;
• The implementation of the benchmarking process may be suspended, or some parts of

the process may be omitted;
• The company can create benchmarking that will not meet basic conditions, such as

credibility, relevance of information, objectivity, and others.

For this reason, some of the critical points, which are essential to the creation of
benchmarking, such as unclear intent setting, inappropriate time frame, project team,
etc., were further addressed. A summary of practical benefits that can be inferred from
practical cases has been given. It is important to address the suitability of benchmarking
for types of businesses. Furthermore, it is necessary to construct a method for creating
benchmarking in the case of a larger number of divisions of one company. Subsequently,
other areas for the possible theoretical and practical development of benchmarking have
been outlined. In management science, it is important that benchmarking be developed
in its theoretical aspect as well, so that some procedures can then be transferred into
practice. There are deficiencies in measuring enterprise performance post-implementation.
These shortcomings are related to the measurement procedures applied during the process.
Furthermore, it would be interesting to develop benchmarking due to its connection with
other scientific disciplines. It is also important to examine various areas of knowledge
related to the creation of a benchmarking team, which is very important in the whole
process. From this point of view, the results of other management disciplines are beginning
to be applied and recognized. Another potential specific area of benchmarking development
focuses on those process properties, which are the driving force supporting open and
proactive thinking in people. The main benefit of the study is that, based on the processed
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data, it can make operations more efficient and achieve economic and environmental
sustainability. The limitations of the study include the limitations of the studied company
that made the prioritization. These limitations are bypassed in the proposed model, which
addresses all the aspects of internal benchmarking for industries in a sustainable way.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/su16062587/s1, Table S1: Tracked excavators over 35 T; Table S2: Wheel
loaders over 135 kW; Table S3: Rigid dumpers payload under 40 T.
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