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INCREASING PRODUCTIVITY — A WAY TO IMPROVE EFFICIENCY OF OPERATIONAL

MANAGEMENT IN HARD COAL MINES

WZROST PRODUKTYWNOSCI - SPOSOB NA POPRAWE SKUTECZNOSCI
ZARZADZANIA OPERATYWNEGO

The article contains considerations on possible actions directed at increasing productivity of hard
coal mining industry. It is necessary to improve the state of the industry, and ensure its survival. Basic
definitions and measures concerning productivity and management were presented to illustrate examples
referring to a mining enterprise. Then, basing on organizing, one of the management functions, the issue
of productivity in a mining enterprise and its influence on improving effectiveness of operational mana-
gement, was analysed. An assumption was presented that solutions concerning identification of sources
and volume of costs, hitherto existing in mining enterprises, ought to be complemented with the planning
function following process approach. It can be the starting point for decisions of economic feasibility of
given deposits, seams or parts of them, before mining operations start, and to control incurred costs in
process approach. The article is summed up with a process algorithm of cost management.

Keywords: mining industry, costs, mining operations, productivity, operational management

Artykul zawiera rozwazania dotyczace mozliwych dziatan ukierunkowanych na zwigkszenie wy-
dajnosci gornictwa wegla kamiennego. Aktualnie konieczne jest bowiem poprawienie stanu przemyshu
gorniczego i zapewnienie jego przetrwania. W artykule zaprezentowano zatem podstawowe metody
i narzgdzia umozliwiajace zwigkszenie wydajnosci i poprawg efektywnosci zarzadzania operacyjnego
w przedsigbiorstwie gérniczym. Nastgpnie, skoncentrowano sig na organizacji jako jednej z kluczowych
funkcji zarzadzania i w tym kontekscie rozpatrywano mozliwosci poprawy wydajnosci i efektywnosci.
Przyjgto przy tym zatozenie, ze istniejace rozwiazania dotyczace identyfikacji zrodet i wysokosci kosz-
tow produkeji gorniczej, nalezy uzupetni¢ o narzgdzia umozliwiajace planowanie i rozliczanie kosztow
w ujgciu procesowym. To z kolei powinno umozliwi¢ podejmowanie decyzji o uruchomieniu kolejnych
poktadoéw i wyrobisk przed rozpoczgciem wydobycia na podstawie racjonalnie prowadzonego rachunku
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ekonomicznego. W podsumowaniu artykutu zawarto algorytm postgpowania dotyczacy planowania
kosztow produkcji gorniczej.

Stowa kluczowe: przemyst gorniczy, koszty, proces produkeji gorniczej, produktywnos¢, zarzadzanie
operacyjne

1. Introduction

For many years Poland’s hard coal mining industry has been undergoing restructuring pro-
cesses whose main aim remains increasing effectiveness of mining enterprises and coal mines.
There are many reasons (geological and mining, technical, infrastructural, social and political)
why the efforts have failed. Yet productivity improvement, while maintaining high work-related
safety, is a top priority, as it is an indispensible condition if the industry is to survive and develop.
The priority is even greater, considering postulates of decarbonising economy and intensively
changing conditions of hard coal world markets, which we are experiencing nowadays.

In coal mining industry there is a buzz phrase “Today it is not hard to excavate, but to sell
what you excavated”. These simple words perfectly characterise the most important problem
which mining enterprises are facing now, because you can sell, with profit, only what has a com-
petitive cost [8]. The fundamental condition is effective functioning of a mining enterprise. One
of the measures of effectiveness is productivity. The article deals with the issues of productivity
and its links with the new approach to management processes, realized in a mining enterprise.

The article mainly contains theoretical considerations of a model nature. They are focused
on improving productivity in terms of work efficiency and economic effectiveness. Therefore,
the main objective of the conducted considerations is to identify and characterize management-
mechanisms that enable the improvement of productivity in the Polish hard coal mining, while
the research problem comes down to the following question: How to improve the productivity
of Polish mining companies by using operational management tools in the natural conditions of
underground hard coal mines? In order to solve a problem formulated this way, the article suc-
cessively answers the following partial research problems:

* What is productivity and how is productivity expressed?

* How can effective management support productivity growth from a process and resource

perspective?

* What specific boundary conditions should be taken into account by a mining company

in the process of improving productivity?

* How do productivity changes affect total and unit costs in a mining company?

* How in practice did productivity in terms of efficiency and effectiveness change over

time in Polish hard coal mining in market economy conditions?

» Are changes in operational management necessary in the context of changes in productiv-

ity in Polish hard coal mining?

2. Productivity

In market economy conditions there is no room for an enterprise, also a mining one, which
functions “at all cost”, ignoring the balance of revenue and expenditure associated with its opera-
tions. It has to be effective. Effectiveness of operations, as a universal category, which is not always
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precisely and unambiguously defined, is assessed with indices (relative values), determining the
ratio of costs to revenue and vice versa: effectiveness is the ratio of effects to expenditure in form
of a number which shows what results are generated by expenditure incurred. The obtained result
is the efficiency index. Depending on the purpose, efficiency indices can be used by enterprises
in various areas. The key index is productivity (Bijanska, 2011).

Productivity, as one of measures of efficiency, is a commonly used concept, which can be
expressed with various measures (Rybak, 2016). Most often it is the ratio of the amount of made
/ sold product, or the value of product sold within a given period (so-called product stream), to
the amount of used tangible input resources of the production system:

* physical — e.g. amount and / or value of used materials, energy, fixed assets,

» financial — e.g. value of fixed or working capital involved in production (Bak, 2007),
and intangible (human) resources — e.g. number of employees, time of work (number of worked
days / hours), costs of labour (so-called expenditure stream of production factors) (Rodriguez &
Arias, 2008). Measures defined in such a way specify so-called partial productivity — materials,
energy, fixed assets, capital, labour. In general (Durlik, 1993):

Effects "E1"
Expenditure "E2"

Productivity "P"

When the whole volume of product made / sold within a given period and the whole amount
of used resources are considered, we can talk about total productivity. For such an approach
factors in given streams have to be measured in the same units. Most often total productivity is
expressed (Jonek-Kowalska, 2013):

* in monetary units — as the ratio of revenue to expenditure incurred on assets used,

* as the ratio of the amount of made / sold product to expenditure incurred on assets used.

Any index expressed in form of a quotient, where obtained production output is referred to
the amount of used input resources of the production system, can become a partial productivity
measure. For a coal mining enterprise, the effect is the amount of produced coal (Stoker et al.,
2005). The applied mining systems, which consider deposit conditions within given mining areas
and the need to provide work-related safety (first of all preventing natural hazards) and protecting
the surface, ought to ensure (Fig. 1):

» possibly maximal surface protection,

* minimal losses of deposit,

» maximal profitability.

Examples of partial productivity measures with reference to a mining enterprise are pre-
sented in Table 1.

It has to be emphasised that total productivity most often considers all factors of production
of an expenditure stream — technological level, skills of personnel, organization of an enterprise,
changes in capital expenditure (Bijanska & Wodarski, 2017; Diana et al., 2015), relations in plan-
ning and organising a production process — thus providing a fuller picture of an enterprise. Partial
productivity focuses on fragmentary scope, which may result in unfavourable consequences for
an enterprise itself (Jonek-Kowalska, 2013). For instance, focusing on improving general or
underground productivity may lower total productivity, e.g. by wasting effective time of work
of expensive equipment in extraction workings.
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Fig. 1. Conditions and effects of productivity of a mining enterprise (Source: own study)
TABLE 1
Examples of partial productivity measures in a mining enterprise
Partial productivity Example
measures

Number of kilograms of coal to the number of worked working days of all
the personnel (so-called general productivity, expressed in coal).
Number of kilograms of run-of-mine coal to the number of worked working days
of the underground personnel (so-called underground productivity, expressed

Workforce in run-of-mine coal).

productivity Number of produced tons of coal to the number of all the personnel (so-called

productivity per an employee).

Value of sold coal (revenue) to the costs of remuneration with overheads of all
the personnel.

Value of sold coal (revenue) to the number of personnel / underground personnel.

Machine and

Number of tons of run-of-mine coal to the number of worked hours — most
often referred to a given type of equipment, e.g. shearers, conveyors — so-called
equipment effectiveness.

equipment Number of worked minutes per shift — so-called effective time of work
effectiveness in a working.
Number of minutes of downtime due to a failure to the number of ton
of run-of-mine coal — so-called failure index.
. .. | Number of ton of run-of-mine coal / coal to the installed / used power — so-called
Energy productivity

energy productivity index.

Capital productivity

Number of produced / sold coal to the costs of used or employed resources.
Revenue from the sales of coal to the costs of used or employed resources.

Value of produced coal to the value of “frozen” materials and stock or fixed assets
(buildings, structures, machines, equipment, installations, networks).

Mining face
productivity

Number of produced tons of coal — in one longwall, per shift, day, month.
Length of driven roadways — per one shearer, per shift, day, month.

Source: own study, based on [9].
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Total productivity index is not used in hard coal mining. Instead, cost of production of one
ton of coal or of one GJ of energy which can be produced from one ton of coal is determined.
Due to significant differences in geological and mining conditions in given coal mines, there is
no point in creating a “universal” index, which certainly would have to be “modified” in each
mine to adjust it to its specific conditions. In mining enterprises and coal mines, productivity is
usually considered partially, in the following aspects:

* effectiveness of current production to the amount of used resources of different categories,

e.g. human resources, materials, energy,

» determination of current state, referred to what could be achieved as far as production

and used resources are concerned,

» comparability of indices calculated to analyse a given coal mine with other ones,

* trends determining changes in productivity indices and their tendencies over time.

2. Management — definition and realization

There are many definitions of “management”, most often formulated by numerous research-
ers dealing with the problems of management. All of them, depending on their research area,
emphasise different aspects. Yet all of the definitions derive from the most general one describing
management as art or practical and rational application of specific means, which enable
reaching appointed aims with available resources.

A more detailed definition was formulated by an American researcher R.W.Griffin: man-
agement is a set of activities (organizing, planning, motivating, controlling), directed at an
organization’s resources (human, financial, physical, informational), employed to realize its
specified aims (Turek, 2013). Within each of the sets of activities, called management functions,
organization’s managers can employ specific methods and means to realize them. The functions
cover the whole area of an organisation’s activities, which are interlinked and interdependent

(Fig. 2).

ENTERPRISE'S
ACTIVITIES

/ ORGANISING '\

CONTROLLING e l o PLANNING

™~ <

MOTIVATING

Fig. 2. Functions of management (Source: own study (Jonek-Kowalska, 2013))
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An organization’s sense of purpose is arranging participants’ actions in such a way that it
realizes its mission, obtaining desired results or realises its tasks with optimal use of its resources.
Knowing that:

+ any system capable of creating purposeful behaviour of a person or a group of people is

an organisation,

+ any component of an organisation capable of action is an organizational unit,

a mining enterprise (a coal mine or a group of coal mines) can be treated as an organization, and
an incorporated individual coal mine as an organisational unit.

Development and effective functioning of an enterprise depend mainly on the quality of
management (Jonek-Kowalska, 2013). A well-managed mining enterprise, even in rather unfa-
vourable geological and mining parameters of deposits and rather unfavourable market conditions
(sales possibility, price of coal), can function effectively. There are known various approaches
to the issue of management. The most common ones are:

+ general — an organization (enterprise) is considered as a whole, managed strategically
through proper shaping of organizational structures and managing human and tangible
resources,

+ functional — deals with operations (production) realized by autonomous parts of an or-
ganization (enterprise), i.e. groups of people realising the same tasks (functions),

» process — all continuous and systematic actions which concern planning and monitoring
realisation of a given process in an organization (enterprise) in such a way that its aims
are realised. Process approach means identifying all the processes realized in an enter-
prise, determining mutual relations between the processes and managing them. Process
management means constant monitoring and streamlining the processes through adjust-
ments when the assumed results differ from the actual results.

In process management, a mining enterprise is no longer perceived through the prism of an
organigram and its cells, but through the aims it realises.

Managing an enterprise can be considered a process itself — all the decision makers take
actions which are interrelated and are directed at meeting desired aims. To enable process ap-
proach to the issue of enterprise management, the first step must be drawing a type of a map of
partial processes realized in it — primary ones i.e. making the main product, and auxiliary ones.

In management, there is a concept of “operational management”. Without specialist defini-
tions and descriptions, the easiest way to present the concept is to compare aims of “management”
and “operational management”. Generally, management is directed at survival and development
of an enterprise, through determining if, in the conditions it functions in, with specific resources
of various types (which perhaps ought to be increased or decreased), it makes a proper amount
of “proper” commercial product, which is sold and yields specific profits (doing the right things).
Operational management deals with the issues of determining such a use of owned resources, so
that it was possible to obtain assumed profit while making “proper” product (doing things in the
right way) (Kosieradzka, 2004) (Fig. 3).

Another feature characterising operational management is the time horizon of problems it
deals with. Operational problems concerning difficulties in generating expected profit (using
owned resources), must be solved on the fly. Hence it should be realised at least once a year, and
preferably even more often.

Functions of management (organizing, planning, coordinating, motivating and controlling),
realized with proper means and directed at an organization’s resources, ought to serve realisation
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Fig. 3. Comparison of basic aims of management and operational management (Source: own study)

of the assumed aims (Michalak, 2014). Application of the general definition of management,
referring to a mining enterprise, is presented schematically in Figure 4. However, it has to be
remembered that for a mining enterprise, providing a satisfying level of work-related safety in
underground workings is always a significant condition of its functioning.

Using as an example one of the functions of management, organizing, the issue of productiv-
ity in a mining enterprise and its influence on improving efficiency of operational management
will be analysed.

MINING ENTERPRISE

A y 4
MANAGEMENT RESOURCES
e
A CBEOHOGICAS A——

OF HARD COAL

ORGANISING HUMAN SAFE
PLANNING - PHYSICAL A';go%Fquﬁng

MOTIVATING FINANCIAL
CONTROLLING ORGANISATIONAL
MARKET

Fig. 4. Idea of managing a mining company (Source: own study)
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3. Significance of organizing as one of the functions
of management

Organizing is a set of various actions directed at reaching and keeping such a state of an
enterprise that it could function following the assumed plans. It is optimal resource manage-
ment, which will enable realization of specific plans (visions, missions, strategies), i.e. “making
a proper product, in a proper way”’.

The first step to do so is creating a certain type of “indispensible data base” characterising
structures, resources and hitherto activities of an enterprise. In a coal mine (a mining enterprise),
to organise and plan the volume of production properly, it is necessary to identify resources (geo-
logical, human, physical, financial, organisational, market) associated with productivity (Betz et
al., 2015). The issue is important in two aspects (Bak, 2007, 2008).

The first one concerns geological resources, in conjunction with market conditions. Data
concerning geological resources, together with “standard” information about a deposit (e.g. the
volume of resources in given categories, parameters and conditions of seams, existing natural
hazards and their scale) has to contain, as detailed as it is possible, information about the type of
coal and its quality parameters (calorific value; sulfur, ash and moisture content) in given seams
or their sections (Turek & Michalak, 2012). The information, correlated with the data on market
conditions such as scale of demand and possibility of selling coal of given assortments and quality
parameters, ought to be the very foundation for planning and taking decisions about commencing
exploitation in a given seam or its section, as well as the volume of production. Proper management
must unconditionally follow the rule that only the seams whose coal is sellable are exploited
and only in such a quantity that can be all sold. In hitherto practice of mining enterprises there
were many examples showing that even coal produced at low cost, with high productivity indices,
which cannot be sold, does not bring any economic effects (Turek & Michalak, 2012).

The second aspect concerns other factors, considered from the following points of view:

* technical — in which it is determined if an enterprise (a coal mine) has proper spatial
structure and technical equipment (machines and equipment, facilities, networks, instal-
lations) and proper number of personnel of specified qualifications to have technical
possibility to plan required scope of mining operations, realized in safe conditions,

+ economic — in which it is determined if an enterprise (a coal mine), of given employment
(own and external personnel), spatial structure (vertical and horizontal mine workings),
organizational system and owned tangible assets (or which have to be purchased), is able
to conduct effective production, without incurring unnecessary costs, e.g. due to excessive
employment or possession (maintaining) of unnecessary tangible assets (Wodarski, 2009).

Then, bearing in mind that each component of resources means incurring costs associ-
ated with maintaining it, a detailed analysis whether to keep them ought to be prepared. E.g.:
* in the spatial structure there must be maintained only such a number of development
workings from the surface (shafts, ramps), levels, capital and production workings and
which is necessary for safe realisation of planned mining works, and all the unnecessary
ones ought to be closed (Michalak, 2013),
» as for technical equipment, the aim is to keep only the machines, equipment, facilities,
networks and installations which are used in the production process, and their technical
state ought to enable possibly the most reliable performance (Sun & Anwar, 2015),
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* as for the scope of planned works and installing proper technical equipment, it is necessary
to determine the number of necessary personnel, considering their required qualifications,
analysing also possibility of using external companies’ employees.

Here it ought to be mentioned that nowadays such analyses are already often conducted.
True, they certainly are, but what has to change is the hitherto philosophy of the approach: only
the components which are obviously unnecessary are made redundant, while keeping many which
“may come in handy one day”. It is forgotten that anything “left just in case” means certain,
often significant, costs of overhauls, maintenance, power supply, depreciation allowances, taxes,
employing extra personnel — which increase necessary expenditure, and as a consequence lower
productivity (Michalak, 2016).

Next step of the function of organizing in management ought to be identification of sources
and the volume of costs, dividing them into fixed and variable costs. Nowadays, in mining en-
terprises and coal mines, costs are considered basing on technical and economic plans (PT-E),
applying various forms whose aim is to include and present costs by type. In cost accounting,
total costs of production are divided into fixed ones and variable ones. They are separated by
cost accounting of historical performance, basing on detailed, many-year-long theoretical studies
and practical tests conducted by experts (Modak et al., 2017). Basing on statistical measures and
available publications concerning relations between fixed and variable costs in the structure of
costs by type, including remuneration with overheads, use of materials, depreciation, use of en-
ergy, external services, taxes and fees, and other costs, proportions between them are determined.

Such cost management in a mining enterprises means that information on incurred costs
of production is useful mainly for the needs of bookkeeping and financial systems — as they use
systematic cost accounts which enable, most of all, recording and allocating costs for tax and
financial reporting purposes (Kosieradzka, 2004). Yet they are not very suitable for management
accounting — it is impossible to plan costs with “zero based budgeting”, which, due to the character
of mining operations, ought to be applied. Budgeting costs is conducted basing on ex post cost
analysis. The starting point for planning monthly costs is a yearly technical and economic plan,
a result of historical analyses, sometimes with minimal adjustments, most often arbitrary, linked
with current production targets and economic indices. With the system, it is impossible to assess
cost-effectiveness of production ex ante. It also does not fulfil the controlling function as the con-
trol is conducted with reference to the plan, i.e. again by type, which does not give any ground to
assess effectiveness of basic mining processes as costs of production in given extraction workings
are not determined. Keys which enable planning and allocating indirect costs of underground and
surface accompanying processes are not applied. As a result, the calculated unit cost of production
is an ordinary quotient of total costs and the volume of production, and apart from benchmarking
has no significant value for management processes in a mining enterprise or a coal mine.

The existing solutions concerning identification of sources and volume of costs ought to
be complemented with functions of planning, following the process approach, basing on “zero
based budgeting”. It will be the starting point for decisions about commercial viability of given
deposits, seams or sections of them, for controlling costs in process approach and e.g. preparing
pro-effectiveness system of remuneration (Betz et al., 2015).

Process approach to cost management also provides base to assess effectiveness of given
plans, and the whole mining enterprise. It is undoubtedly useful e.g. to determine the volume of:

* costs incurred to maintain the existing infrastructure of a coal mine (depreciation allow-

ances, costs of maintenance and servicing),
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+ costs of materials, energy and overhauls incurred during production — which is important
while determining the volume of expenditure that has to be incurred when economic vi-
ability of “creating” a new extraction working is assessed,

+ costs of services provided by external companies — which is important while determining
volume of expenditure associated with employing own and external personnel.

And finally, step three i.e. identification of process sources of productivity from the opera-
tional point of view (length, sequencing, continuity, systematicity, seasonality of production)
and strategic (realization of replacement and development investments as well as use of organi-
sational changes) (Mishra et al., 2013). To manage an enterprise properly, its actions must be
well-planned — it is necessary to specify the program and sequence of tasks, works and actions,
which are to be realised. It can be done well only if a detailed analysis is conducted of the course
of actions making up given processes in the operational aspect of current production, which
ought to be a task of operational management, and strategic aspect associated with investments
i.e. future-oriented (Turek & Michalak, 2012).

4. Lowering costs of functioning of an enterprise
— key condition to increase productivity

Hitherto considerations focused mainly on the issues of costs of functioning of a mining
enterprise. A properly managed enterprise has high effectiveness of its operations, assessed with
indices (relative values) determining the ratio of costs to revenue. The received numerical result
shows the result generated by incurred expenditure. The obtained result is known as efficiency
index. As it has been mentioned, one of them is productivity, i.e. a quotient of effects and ex-
penditure incurred to obtain them. It leads to a simple conclusion: the greater the obtained effect
and/or lower the incurred expenditure, the greater productivity indices.

Coal is the product (effect of operations) of a mining enterprise. It is possible to increase
its volume (production), yet, proper management ought to mean that only the volume of coal
which can be sold is planned for production. When demand decreases (as it is now) increasing the
volume of coal production may improve productivity, of course at a given level of expenditure
(costs), but could have disastrous consequences if it is impossible to sell it. If we want to increase
productivity, it is necessary to follow another possibility — lowering incurred expenditure.
It means finding “proper” way to use owned resources with operational management methods,
which enables reaching the assumed profits,.

Process approach to managing costs has a great potential. In the process approach to the
issue of management it is necessary to draw “a map” of processes, recognise their structure and
elements. Basing on the knowledge of rules of so-called “mining practice” and “indispensable
data base” created for a given coal mine, each of processes, especially the primary and auxiliary
ones, ought to have specific conditions in which it is realised, number of necessary operations and
partial operations, their sequence of occurrence. Only basing on such information it is possible
to plan properly their length and necessary personnel, i.e. the two factors, which have critical
influence on indices of reached productivity and costs of coal production, ought to be determined
with utmost diligence (Bijanska & Wodarski, 2017).

The planned volume of production, transformed into value approach and assortment and
quality approach, is associated with expected sales revenue and, after deducting the incurred costs,
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profit is assessed. The values are included in economic plans of a mining enterprise, which ought
to start playing the leading role in the new approach to management. In the process approach
to cost management, a situation when technical plans, which most often consider the volume of
production and, alternatively, the quality of coal, without paying special attention to the issue of
economic viability of planned activities, is not acceptable. When meeting the production targets
is prioritised, which often determines personnel’s salaries, the targets are often realised “at all
costs”, without considering economic consequences of such actions.

Planning mining operations which are not directed at the volume of production, but at its
carefully calculated economic effect, must play a significant role. In a coal mine, and more
broadly, in a mining enterprise, such a planning procedure can be conducted basing on the
system of process cost management. Then, the first stage would be including direct costs in
the life cycle of an extraction working. Then, after adding indirect costs, following separately
established regulations, it would be the starting point to determine unit costs of production and
effectiveness, including productivity, of mining operations planned in a given extraction working
(Jonek-Kowalska, 2013).

As it has been already mentioned, currently, in cost accounting systems applied in coal
mines, it is possible to get reports which group costs by type. Thus it is only possible to evaluate
costs of production ex post, considering main stages of the life cycle of an extraction working.
In the process concept of cost management, it is proposed to change such an approach basing
on the developed technical projects, getting costs with the calculation method, prior to making
a decision (ex ante) about commencing works aimed at opening a new extraction working. It
enables a custom approach to each of mine working and processes associated with it (Fig. 5).

Strictly following the rule that mining operations are planned only
in the seams where it is possible to produce safely coal of quality
parameters which makes it justified to claim that it is sellable.
It is unacceptable to produce coal which cannot be sold
and will be stored in heaps.

Planning mining operations aimed not at the volume
of production but carefully calculated economic effect

Adding indirect costs following separately estabilished
rules (so called 'allocation keys')

—_—

Fig. 5. Process algorithm of cost management (Source: own study)
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5. Productivity in Polish hard coal mining — practical
perspective

For many years Polish hard coal mining has been struggling with the problem of lack of
economic effectiveness. In the initial period of the transformation, inefficiency resulted mainly
from overgrowth of employment and low labour productivity. This is clearly confirmed by the
data presented in diagram 1 and 2. In the years 1998-1999, 243 thousand and 207 thousand people
were employed in Polish mines, respectively, with the lowest overall productivity in the analysed
period and the lowest gross margin on sales. Between 2000 and 2007, during the restructuring
process, employment was reduced by almost 89 thousand people, which allowed to significantly
improve work efficiency and as a consequence to achieve positive financial results. It can there-
fore be concluded that in the years 1998-2007 the final efficiency of the sector was positively
influenced by improvements in labour productivity (Turek, 2014; Wodarski et al., 2017).

776
800 763764 7314

O

Diagram 1. General efficiency in Polish hard coal mining in the years 1998-2015 [in tonnes per 1 employee]
(Source: Own study based on data from the Ministry of Economy)

In 2008, the global economic crisis and the resulting reduction in electricity demand have
anegative impact on the sharp drop in efficiency. This, in turn, reduces the demand for hard coal
and causes the need to reduce output, which, with a stable and unreduced employment level,
lowers labour productivity. Nevertheless, despite the decrease in labour productivity, in the
years 2009-2012 the financial results of Polish hard coal mining are positive and the efficiency
relatively high. This is a result of high prices of hard coal on the global market, which, despite
decreasing efficiency and growing unit cost of extraction, allowed the sector to increase its fi-
nancial profits. With prices plummeting and unit costs rising steadily, hard coal mining continues
to generate losses again, which is reflected by a negative gross margin in the years 2012-2015.
It can therefore be concluded that for the years 2008-2015, the financial results of hard coal
mining are adversely affected not only by decreasing productivity but also by unfavourable and
turbulent external conditions.
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Diagram 2. Gross profit margin on sales in the Polish hard coal mining industry in the years 1998-2015 [in %]
(Source: Own study based on data from the Ministry of Economy)

6. Summary

In the light of the considerations concerning the role of productivity in operational manage-
ment of a mining enterprise, it is clear that in the current domestic and world coal market situation,
to make it function effectively, lowering and rationalising costs must be a priority. Lowering
costs, i.e. incurring expenditure, determines an increase in productivity — increasing production
volume does not make any sense when the demand drops). Higher productivity gives more flex-
ibility and improves efficiency of operational management, directed at determining conditions
of coal production in a “proper” way.

Yet it should not come down to a statement like “we don t do something, we won t incur
costs”. A new approach like process cost management enables formulating a conclusion that “we
don t do something, because it isn't cost-effective”. And, most of all, it is possible to realise the
fact prior to commencing works and incurring expenses associated with it. Well in advance, it is
possible to assess economic viability of assumed technical enterprises, associated with opening
an extraction working. By applying so-called calculation sheets and proper IT tools, it is easy to
assess effectiveness of various variants of realization. Depending on current needs, it is possible
to possible to assess with a great degree of probability (Betz et al., 2015):

* basic indices of effectiveness, i.e. productivity, expressed with a quotient of revenue

obtained from selling product stream (coal) and expenses — costs:

— of'used resources of expenditure stream of production factors (intangible — labour and
tangible — materials, energy, fixed assets),

— necessary to incur due to unfavourable influence on the surrounding, resulting from
conducting mining operations (e.g. waste, mining damage),

* cost of production, expressed in PLN/GJ — in various variants of opening, exploiting and

closing an extraction working — referred to the sales price and available revenue, it is
then possible to determine if realization of planned enterprises is cost-effective.
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The above summary, the conducted considerations and empirical data allow us to unequivo-
cally respond to the main research problem presented at the beginning, i. e. the following: How
to improve the productivity of Polish mining companies by using operational management tools
in the natural conditions of underground hard coal mines? Referring to the partial problems we
can conclude that:

+ productivity in practice is most often expressed in terms of labour efficiency and economic

effectiveness,

+ effective operational management allows the level of resources to be adapted to existing
production capacity and market demand,

* in operational management in the mining company, apart from universal conditions of
productivity growth, consideration should also be given to the work safety of mining
crews as well as geological and mining conditions describing the natural parameters of
the deposit,

+ in accordance with the results of the empirical analysis and theoretical considerations,
lowering labour productivity adversely affects the unit production cost and consequently
the efficiency of mining companies,

+ in the Polish hard coal mining industry in the initial period of functioning in the market
economy, the main reason for the deterioration of efficiency was low labour productiv-
ity, however in the years 2008-2015, apart from this factor, the negative situation of the
sector was equally strongly influenced by the deteriorating economic situation on the
global hard coal market and the drop in prices of this raw material.

In the light of the aforementioned facts, changes in operational management of mining
companies with a view to improving productivity it terms of efficiency and effectiveness are
still necessary. Further research in this area should be directed towards detailing the ways of
productivity improvements and referencing them to particular resources and processes. It is also
worthwhile in this respect to carry out in-depth practical analyses of cost-intensiveness in terms
of resources and processes.
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