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Abstract

In the face of the growing demands of the modern economy, 21st-
century technology, and the challenges of Industry 4.0, the classical
management of mining enterprises is not sufficient, and it is
transforming into a process approach to the organization. The usage
of the process management concept creates a situation for improving
the organization at many levels, both at the strategy and operational
levels. This provides an opportunity for a comprehensive view of the
organization, but it is necessary to define indicators that determine
the flexibility of operations, the achievement of profitability, and
effective operational management. These indicators, called key
performance indicators, focus on crucial aspects of the organization's
activity that are fundamental to its current and future success.

The contribution goal of the presented paper is to propose a new
index for assessing the efficiency of coal mines, called the labor
intensity index. The proposal is based on a previous three-area
strategic analysis, including production indicators of coal mining
companies, the state of coal mining in Poland, and economic factors
affecting the current situation of the Polish coal mining industry. The
analysis covered the period from 1988 to 2020. The use of new KPIs
to assess performance in process terms is necessary to develop better
new strategies for mining companies. It is particularly important in
light of the industry's restructuring plans to restructure the mining
industry and the far-reaching vision of decarbonizing the Polish
energy sector.
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Introduction

Process management

Owing to dynamic changes in the economic environment (Cizmas et al., 2020), affecting the functioning of
modern enterprises, A. Bitkowska (2019) and B. Kowal (2019) indicate the need to perceive and analyze processes
both at the level of strategy as well as at the level of operational activities. However, functional orientation in
management continues to play a dominant role (Kunasz, 2010; Schraeder et al., 2014 ). In addition, functional
structures (Agwu & Onwuegbuzie, 2017) continue to be popular in many other organizational structures. This is
the aftermath of the classical approach (Robbins & Coulter, 2020) based on the Taylor and Fayolian (Fayol, 1916)
system of work organization. The division into individual functions performed within an enterprise is still common
and easy to apply. However, in order to meet the challenges of Industry 4.0 (Culota et al., 2020; Maskuriy et al.,
2019), such an approach may no longer be sufficient.

Due to the dynamically changing needs and technologies of the 21st century, functional orientation may be
insufficient, and it is necessary to move away from classical management (Hatchueland & Segrestin, 2019) to
process management (dumas et al., 2018) along with the process structure. This would allow for increases in an
organization's resources by being able to meet customers' needs better and, as a result, gain competitive advantage.
Therefore, a simple or even complex functional structure is insufficient in the face of the growing demands of the
modern economy (Liao et al., 2017). It is important to note that using a process approach does not exclude classical
management (Agostini & Filippini et al., 2019). Process organization allows for combining management functions
in the classic layout with managing individual processes occurring within the organization (Wachol, 2018).

The application of the process management concept creates a situation for the improvement of the
organization on many levels (Miskiewicz & Wolniak, 2020; Kowal et al., 2018). This is particularly true in the
area of management efficiency: income, market share, resource efficiency, customer satisfaction level, cooperation
within the company, and the implementation of strategic goals of the company (Rusinaite et al., 2016). Considering
the wide range of impact of the process approach in the organization (Estrada-Torres et al., 2021), one may notice
the main feature of the process approach - a comprehensive view (Ouyang, 2010). Therefore, implementing
process management methods is, on the one hand, a great challenge but also an opportunity to achieve a
competitive advantage in the market. In order to properly prepare for such a change, it is necessary to correctly
identify the processes and properly define the key processes and indicators determining the flexibility of
operations, achieving profitability, as well as efficient operational management (Kovani¢ et al., 2024).

This process may be defined as an activity that requires input and produces output (Barkowiak, Grabowska,
2020). The definition of this concept depends on the adopted view and modeling needs. There are several dozen
definitions that have emerged over the centuries, ranging from A. Smith to the present day (Vergidis et al., 2008;
Senkus, 2021). From the authors' point of view, three factors are vital - activities, costs, and duration of the process.
These significantly impact the efficiency of an organization's operations (Grajewski, 2016; Slack & Brandon-
Jones, 2018). According to Grajewski's interpretation, the most common processes in enterprises are fundamental,
auxiliary, and management (Fig. 1).

Improvements in the production process (Madison, 2005) may involve both the entire production process as
well as individual sub-processes, such as the material flow process, the manufacturing process, the research
process, or the distribution and customer service process. Certain sequences of operations or activities may also
be improved.

i . . Decisions
Decisions Informations Informations

—
Actions L| Actions

Fig. 1. Division of processes (own, based on Grajewski, 2016)

As part of the process structure, it is critical that managers at various levels are able to skillfully select and
connect various processes, technologies, or other elements of the production system in relation to the timeline and
cost of the operation. A synthetic management view should provide a greater organizational, synergistic, and
successful management effect. It is important not to treat individual elements of the management and processes as
separate entities. When analyzing and improving the process, they should be viewed as a whole. Greater efficiency
is achieved only with the appropriate use of various concepts of the process structure in relation to the technologies
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used, resource allocation, and the assumed output effects that satisfy the broadly understood stakeholders of the
organization.

KPIs in business management

In process management, it is assumed that each sub-process in an organization creates value for an external
or internal client. Indicators play a key role in process improvement (Kowal, 2019). Using these indicators, it is
possible to describe and illustrate processes, as well as determine the results of activities, trends, and possibilities
for change. These include indicators of supply, resources, and results (Rydzewska-Wtodarczyk & Sobieraj, 2015).

Therefore, the efficiency of processes may be assessed according to various assumptions, depending on the
needs and specificity of a company's operations. Unlike traditional performance measures based on financial
results, in process evaluation, it is assumed that performance measurement may be achieved using both quantitative
and qualitative financial and non-financial indicators. The basis for choosing a given measure is the set goals and
tasks.

Modern methods of human resource management include management by objectives. The Management by
Objectives (MBO) theory was created over 40 years ago by P. Drucker(2017). The key to this method's success is
adapting the organization's real goals to its capabilities while ensuring its continuous development. This concept
is based on continuous monitoring and assessment of situations, not employees. This method allows a company to
adapt to a dynamically changing environment continuously. One of the management by objectives tools is the
correct definition of indicators.

Therefore, in measuring the degree of achievement of objectives in process-managed entities, key
performance indicators (KPIs (Parmenter, 2016) are of vital importance as they allow for the possibility of
determining how and to what extent strategic goals and plans are being implemented. KPIs should be individually
tailored to a given company and industry, covering a set of financial and/or non-financial measures. This allows
for the detection of problems at an early stage, rapid reactions, and improvements in the management process of
an organization. At the same time, the adopted KPIs should be easy to use and understandable for employees.
Their precise definition allows for their proper determination and avoids the possibility of results being
manipulated. The adopted set of KPIs in the unit should meet the following conditions (Grycuk, 2010):

e indicators should address issues that are important to the entity,
indicators should be adapted to the situation and industry,
the number of indicators should not be too large,
indicators should be periodically inspected and improved,
the costs of collecting the data cannot exceed the benefits of using indicators.

A good selection of KPIs is an important task for the organization, but it must also be done skillfully in
relation to the nature of the industry and the production processes used.

Industrial process in a mine

The processes performed in a mine (not only underground) are very often referred to as production processes
(Durlik, 2019). However, attention should be paid to significant differences, one of which is of great importance:
For the implementation of production processes, conditions are created for the implementation of such a process
(buildings, technical production system, etc.). In the case of mining processes performed in mines, conditions are
imposed by the place where the process is performed, including the geological structure of the deposit. This is one
of the reasons why, unlike strictly production processes, there is a large variety of methods and systems for mineral
extraction. The production processes of similar products are very similar to each other.

Unlike production processes that provide the client with the usability of a given form (e.g., shape), mining
processes carried out in mines provide their recipients with the usability of space and time. These are the utilities
typical of logistical processes. This is why mining processes should be treated as businesses or industrial processes
but different from other production processes (Fig. 2).

Other business Other industrial
processes processes
Business . .
processes ( (
Industrial Manufacturing
| processes processes
Mining

Fig.2. Mining processes in the area of business processes
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The processes realized in the mines are, in fact, the processes of emptying what can essentially be called
warehouses created by forces of nature from the goods (minerals) in order to deliver them to the customer (Fig.
3).

PROCESSING as:
* Washing,
+ cleaning. i
= Leaking i Raw materials,
Fuels,
Decorations

Non desired effects

NATURAL RAW
RESOURCES

2 wastes
| environment l

Wastes

Changes in natural
S et Wastes Bl Recyclable

Fig. 3. General idea of mining as a core business process

Before starting the mining process as a mining target, it is necessary to design the mine, provide access to the
deposit, and prepare it for mining using the adopted deposit selection method (development). This group of
processes is fundamental, and without it, the mineral extraction process is not possible (Fig. 4). All material
processes related to the construction of a mine and the excavation of a deposit require energy, materials,
information, and staffing.

MAINTENANCE
PROCESSES

MAINTENANCE
PROCESSES

CORE PROCESS IN UNDERGROUND MINE

T RAW MATERIAL ~
FUNDAMENTAL EXTR{\L,T\ON e , PROCESSING N

LOGISTIC
(SUPPLY)
PROCESSES

LOGISTIC

(SUPPLY)
PROCESSES

Fig.4. Core process and other necessary process in underground mines

The processes of supplying and maintaining the technical infrastructure of the mine system are existential
processes. The presence of people in the processes carried out in underground mines results in additional necessary
activities to ensure safe working conditions. Fig. 5 shows a complex network of activities (processes), the
implementation of which is necessary to achieve the business goal of an underground mine.
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Logistic infrastructure maintenance process

Logistic processes for operational activities — processes and operations supply (crew, materials,
equipment, energy and information including waste management)

Geological Af Raw matenal

prospecting and i i transportation

Survey processes and storaging
+ designing processes

Logistic processes supplying maintenance processes

Fig 5. System (network) of processes in underground mine

Even in the case of highly efficient mining systems, low efficiency of the remaining systems for the
implementation of fundamental processes (understood as a group of processes without which the mining process
cannot be started) and existential processes (understood as a group of activities without which the mining process
cannot be repeatedly performed).

Methodology

A three-area strategic analysis was used in order to show and characterize the situation of the Polish hard coal
mining industry (Gierszewska & Romanowska, 2021). The applied analysis (Tyranska & Walas-Trgbacz, 2010)
was performed for three areas:

e production indicators for hard coal mining enterprises,

e the state of the hard coal mining industry in Poland,

e economic factors influencing the current situation of the Polish hard coal mining industry.

The ratio analysis for hard coal companies in Poland was performed utilizing a long-term analysis of changes
in a selected group of technical parameters, considering the potential factors causing single, rapid changes within
these indicators (parameters). This method was chosen owing to the high technological homogeneity in the Polish
hard coal mining industry (deep mines, where almost exclusively longwall systems with dipheadings, the same
legal regulations, similar traditions, and local factors). The dynamics of changes in individual parameters was
determined to define the required management efficiency indicators in hard coal mines. The remaining part of the
three-area analysis was analyzed in descriptive form, discussing the factors influencing the current situation of the
Polish hard coal mining industry and the future conditions of its operation.

The analysis allowed for the selection of parameters that became the basis for the definition of management
efficiency indicators, constituting the next stage of the research.

In the mining industry, various key productivity indicators of mining activity (KPI) are used, among them
universal indicators and specific indicators created in mining companies adapted to specific conditions and the
mining technologies used (Gackowiec et al., 2020). In underground coal mining in Poland, productivity indicators
have been used for many years and have been adapted to the conditions and applied mining technologies (Jonek-
Kowalska & Tchorzewski, 2016).

Since, as mentioned earlier, Polish hard coal mining utilizes practically one method of exploitation today, one
of the most important KPIs is the productivity of one longwall face. As a measure of the economic efficiency of
the basic process, the ratio of revenues obtained from economic activity to outlays (total costs) incurred for
conducting this activity was adopted. The next index adopted for the analysis was labor productivity, calculated
as the ratio of commercial coal produced per employee in the mines over a given period of time.

After comparing the strategic and index analysis, the authors proposed a new index for assessing management
efficiency in mining enterprises - the labor intensity index of coal mining. To determine this, the methodology
presented in Fig. 6 was adopted.
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1. Pr| ma ry KPI s identification of the level of resources ultilised in the hard coal mining process

2. Specific objective of {2 | eidentification of human resource management in the hard coal mining process

. eindicator of the use of human resources (labor intensity) in the hard coal
3 . Determini ng KPI mining process. Development of its components and calculation of the
proposed KPI for the data 2001-2020

4. Ana |ysis of the valid |ty '8} | *analysis of the validity of adopting the analyzed indicator. Using Pearson's
correlation analysis to demonstrate its value driver for management
KPI purposes

5- ReCOgn ition Of the eyes - the results of the analysis show the legitimacy of its use
va I |d |ty Of KP |S *no - go back to step 3 and assign a different KPI for analysis

. e presentation of the adopted indicator and identification of the effectiveness
6. Adopt|on of KPl of management activities in the use of human resources in the hard coal
mining process

Fig. 6. Methodology for determining and analyzing the proposed KPI in the hard coal mining process

The use of the proposed index, better than the one used so far, shows the direction of necessary changes and
strategic goals for the hard coal industry.

Analysis of production indicators for hard coal mining companies and the state of the industry

With the prices of primary energy carriers remaining at a high level, especially crude oil, and natural gas, the
role of coal as an energy carrier is vital for the EU's energy security (Fuksa, 2021; Gawlik, 2019; Manowska &
Bluszcz, 2022). As hard coal is the third largest energy source in the EU, its use should be considered despite
environmental issues and aspects (Korski, 2016; Gajdzik et al., 2023). Studies suggest new effective combustion
technologies, new technologies for coal processing into liquid fuels, and the production of high-quality ecological
coal assortments (Fraczek, 2013; Tobor-Osadnik et al., 2023). The current article presents changes in selected
technical and organizational areas of Polish coal mining in the years 1988-2020 in graphic form. The data is derived
from the website of the Ministry of Economy.
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Fig. 7. Total number of Polish coal mines 1988-2020

Since 1988, there has been a decline in employment in mining companies (Fig. 8). In the analyzed period,
this process was based on natural breakdowns, generally withholding admissions or limiting them to the necessary
minimum and taking into account the need to further reduce employment in hard coal mines - this was and
continues to be supported by social packages financed from the state budget, which constituted a financial incentive
encouraging employees to leave the industry (Manowska et al., 2017).
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Fig. 8. Number of underground employees in Polish black coal mines 1988-2020
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Rational management of jobs in mines by prohibiting the employment of new workers, introducing several
further packages of voluntary redundancies, and outsourcing services provided in mines unrelated to the main area
of activity have led to an improvement in the type structure of employment, thus ensuring stable and economically

safe jobs in hard coal mines.

For many years, labor costs have accounted for over 50% of the total production costs in Polish hard coal
mines. It is, therefore, expedient to constantly search for solutions to rationalize these costs and reduce the labor

intensity of processes in underground hard coal mines.

250
Annual black coal production in Poland 1988 - 2020 (mil. Mg[mT])
200 192;7
150 +
100 +—
o 77,4
E 762 757 76,5 105 22 70

1988 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Fig. 9. Annual black coal production in Poland 1988-2020
3500 1
Average longwall face daily output (tpd)
— Joan 3047 3050 3032
3000 - 2886
2844 2833 2784 2819
[
2602
2500 A
2000 A
©
a
-
1500 -+
1000 -+ 887‘
500 o E
e z
o} T T T T T T T T T T T T T T
1988 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Fig. 10. Average longwall face daily output
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Poland has over 80% of the hard coal resources in the entire European Union. Unfortunately, every year, coal
mining decreases with increasing imports (Fig. 9). As part of the restructuring processes, the number of mines
decreased due to the liquidation of mines and mergers of others (Fig. 7). The process of restructuring the Polish
hard coal mining industry between 1990-2020 included significant organizational changes, but also technical and
technological changes, however only in the form of goals. As a result of these changes, since 1988, the domestic
extraction of raw materials has decreased from 192.7 million Mg to a level of approximately 54.4 million Mg in
2020.

What may be worrying is that with the continuous increase in mechanization and automation of processes -
the statistical daily extraction from a longwall (Fig.10) decreases. At the same time, in the years 2009-2012 and
2014-2019, a slight increase in production was observed. Considering the continuous restructuring activities in the
industry aimed at improving the efficiency of mining, the data presented in the chart above does not show any
spectacular changes in this area. This has a direct impact on the efficiency of the entire production process.

19
JTESE
=
FL I
a0
) |I|I'|:'I-'|I|‘:.II.
= [Eor

PEPIPFPEFFPIESEEEEESFESTFLSTIFTESES

ROK

B:E1 1581
Tl 1593

PLIETT)
1287 ZFTT 3295, 8185.0

kg pdn

Fig. 11. Overall daily productivity per employee in the Polish hard coal mining industry in the years 1988-2020

As is clear from the overall daily productivity per employee in the Polish hard coal mining industry in 1988-
2020 (Fig. 11), following growth in the first decade of the 2000s, in the next decade, there was a decrease from
3277 to about 2838 kg/ employee per working day.

Applied KPIs - key performance indicators and Polish coal mining industry

In practice, Polish coal mining utilizes one coal extraction method today, i.e., a longwall system with dip-
holdings. Technological diversity was previously greater. However, since the 1980s, the industry has been
consistently switching to a mechanized longwall method with armored face conveyors (AFC), mechanized
longwall supports, and cutting machines in the form of longwall shearers or, less frequently, coal plows. Therefore,
one of the significant KPIs is the productivity of one longwall face - Fig. 6 shows the development of this indicator
in Polish underground coal mining in 2010-2020 (Fig. 12).
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In the global mining industry, particularly in the most advanced mining countries in the world, results are
obtained at least several times higher. It is also worth noting that this indicator is also significantly higher in some
mines (e.g., LW Bogdanka) (Myszkowski, 2016; Henderson, 2021; Peng, 2019). Fig. 13 presents the productivity
in mines as the amount of commercial coal mined per day (or annually) per employee in the mines.
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Fig. 13. Daily labor productivity in the Polish Coal Mining Industry

Since 2006, there has been a clear downward trend, which in recent years can be explained, among others, by
transferring mines and staff to an economic entity dealing with the closure of the mines. However, as the chart
shows, the overall performance is still unfavorably different from global trends. The economic consequence is the
negative economic efficiency of the Polish hard coal mining industry as a whole.

Considering this system or network of processes performed in an underground mine, a new indicator (KPI)
was developed to assess the reasons for the low efficiency of the Polish hard coal mining industry.
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Proposed KPI - an index of the use of human resources (labor intensity of mining) in hard coal mining
processes - coal mining labor intensity index

Determining the KPI to assess the use of human resources (labor intensity) in the hard coal mining process

This indicator is presented in the form of a coal mining labor intensity index in terms of underground and
total labor consumption. The idea of the KPI for the use of human resources (labor intensity of mining) in the
mining process is to calculate the number of employees, statistically, per longwall or a system serviced by one set
of face machines (e.g., in the Room&Pillar system). Such an indicator allows for a quick assessment of the labor
consumption with regard to the processes performed in a given mine or group of mines. It can be used in mining
planning using various methods to select the most effective solution.

Figures 14 and 15 show the overall and underground labor consumption index in the Polish hard coal mining
industry in the years 1988-2020. It is important to note that the beginning of the analyzed period predates, by one
year, significant political and economic changes in Poland.
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INDUSTRY 1988-2020
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Fig. 14. Coal mining labor intensity index (total)

Despite the intensive restructuring of the Polish hard coal mining industry in the areas of technology and
organization, including employment, especially in the years 1990-2000, the total number of employees per one
longwall grew rapidly.

Analysis of the validity of using the proposed KPI - Pearson's correlation analysis

The study of the relationship between the number of underground workers per 1 longwall and changes in the
level of extraction in hard coal mines was carried out using the Pearson linear correlation coefficient. This
coefficient is used to study rectilinear relationships of the studied variables, in which an increase in the value of
one of the features causes proportional changes in the mean values of the other feature (increase or decrease).
Weak or no dependence occurs at values below 0.2.

The correlation (interdependence of features) defines the interrelationships between the selected variables.
Values ranging from -1 to 1 positive correlation (value of the correlation coefficient from 0 to 1) - informs that an
increase in the value of one feature is accompanied by an increase in the mean values of the other feature, negative
correlation (value of the correlation coefficient from -1 to 0) - informs, that the increase in the value of one feature
is accompanied by a decrease in the mean values of the other feature.
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COAL MINING LABOR INTENSITY (UNDERGROUND) INDEX | POLISH COAL MINING
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The coefficient was calculated at the level of -0.896 (Table 1), which indicates a high negative correlation
between the number of underground workers per longwall (A) and changes in the level of extraction (B) in hard
coal mines. A negative relationship means that when the values of one variable (A) increase, the values of the
other variable (B) decrease; that is when the production decreases with the increase in the number of underground
workers per 1 longwall.

Assessment of the effectiveness of management activities in the light of the proposed KPI

In light of the changes in the technology of coal extraction in Polish coal mines in the form of abandonment
of semi-mechanized longwall systems and abandonment of mining from longwalls with backfilling (particularly
hydraulic), the increase in the value of the proposed KPI seems incomprehensible. This may be partly due to the
increase in the depth and extent of the mines but also from the backlog of unnecessary technical infrastructure.
The main reason, however, lies in the very high labor consumption and low work efficiency in auxiliary processes
other than the basic process (fundamental, such as preparatory works, liquidation and reinforcement of walls, and
existential ones).

Conclusions
The use of new KPIs to assess the effectiveness and efficiency of management activities in terms of processes

is necessary to develop better new strategies for mining enterprises. This is particularly important in light of the
plans for in-depth restructuring of this industry and, consequently, the far-reaching vision of decarbonizing the
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Polish energy sector. The change in the presented indicator highlights the need for an in-depth diagnosis of the
processes and further management actions. At the same time, the analysis shows that the increase in the value of
this indicator is an unfavorable phenomenon, reflecting the deterioration of the efficiency of the operation process
due to its greater labor consumption. At the same time, if it remains constant, it should affect the analysis of the
interdependence of factors in a given network of processes.
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