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Risk Management in Coal-Mines – Methodical Proposal for Polish
and Czech Hard Coal Mining Industry
Piotr Tworek1, Seweryn Tchórzewski2 and Petr Valouch3

Effective risk management in coal mining companies may be achieved by adopting an integrated approach, i.e. IERM, which allows
them to manage their risk exposure in a complete and complementary way. Risk needs to be properly identified, before it may be estimated,
and later responded to adequately. This is a prerequisite for effective risk management in coal mining companies conducting their activities
in Poland and the Czech Republic, as well as other countries all over the world. In both countries, i.e. Poland and the Czech Republic, coal
mines operate within the Upper Silesian Coal Basin, which means that their operating conditions are almost identical. It may then be
possible to standardise risk management procedures and implement them in companies’ operations. This may be ensured by using
the integrated risk management formula, outlined in this paper. Therefore, the paper aims to give an overview of the risk management
problems experienced by coal mines, with the focus on the integrated enterprise risk management (IERM) concept, as well as proposing that
the concept should be implemented in coal mines operating in Poland and the Czech Republic. In particular, it proposes that the traditional
approach to the risk management process, i.e. Enterprise Risk Management (ERM) should be modified and transformed into an integrated
process. The paper uses the method of synthesis. It also contains a review of scientific literature on the subject.
Keywords: hard coal mining industry, risk management, financial risk, measurement and risk evaluation, enterprise risk management

Introduction
Risk management in the coal mining sector is an area of a wide range of scholarly discussions (Schneider
and Spinel, 2002; Karbownik and Tchórzewski, 2004; Wodarski, 2009; Tchórzewski and Tworek, 2011; Badri et
al., 2011; Vaněk et al., 2013; Galvin, 2017; Shuwei et al., 2017). At the same time, it shows high practical
applicability, as adverse risk consequences may be successfully reduced in coal mine operations, although
the specific character of the risks faced in this sector makes it impossible to predict all the hazards fully and thus
manage the risks in their entire range. In particular, this refers to force majeure events, also known as acts of
god, as it is not possible to predict all rock bursts or methane outflows, etc. In addition, coal mining is perceived
as one of the most dangerous and most risky industries all over the world. A coal miner’s profession (vocational
risk) involves continuing hazards and safety threats, which are common not only in Poland and the Czech
Republic, where the accident rates, including the number of fatal accidents, are still relatively low when
compared to such countries as China (Wang et al., 2008). Irrespective of the types of hazards in coal mining
activities, however, risks should always be managed effectively and efficiently. This will allow coal mining
companies to limit potential losses, which tend to be enormous in case of such occurrences.
Risk in the hard coal industry in Poland and the Czech Republic is managed in a very similar manner.
The industries in the two countries are largely comparable; due to the geographical proximity of the coal mine
deposits they exploit (the Upper Silesian Coal Basin). In both countries, coal mining enterprises operate in
almost identical industrial and macroeconomic conditions (Maruszewska et al., 2014), as the profitability of
the mining sector is highly affected by coal prices on the global markets. These are macroeconomic risk factors,
which remain beyond the control of coal mines. Apart from these factors, there are also microeconomic risk
factors and the literature on the subject also refers to the division into endogenous and exogenous risk factors, as
well as the ones which are case-specific (Tchórzewski and Tworek, 2011). The identification of risk sources for
a given coal mining company is, therefore, a necessity for effective and efficient risk management. It should also
be noted that if risk is to be appropriately managed, i.e. well defined first and then accurately estimated,
providing the basis for appropriate risk responses, adequate knowledge of risk management process and methods
as well as an ability to put this knowledge into practice, are necessary.
Currently, Polish and Czech coal mines are striving to manage their risks but they are not using any
integrated formula for this purpose. Therefore, the paper aims to present the problems of risk management in
coal mines, with the focus on the concept of integrated risk management (IERM), proposing, at the same time,
that the formula should be implemented in business activities of coal mines operating in the two countries. This
proposal may also be considered by coal mining enterprises in other counties worldwide, due to the universal
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character of the recommended formula. In particular, the concept refers to the modification of the traditional risk
management formula – Enterprise Risk Management (ERM) (Tworek, 2013) – and its transformation into
Integrated Enterprise Risk Management (IERM), taking into account the specific nature of the coal mining
sector. The authors’ objectives also include the identification of risk categories, and the description of specific
risks coal mines are exposed to in their operations. The nature of risk in the coal mining sector necessitates
a different approach to risk management, when compared to companies operating in other industries. The paper,
apart from theoretical and conceptual deliberations, presents the findings of the empirical research conducted in
this respect in some Polish coal mining enterprises. In addition to induction, deduction and synthesis, the paper
also provides a review of the literature on the subject and contains a comparative analysis. The authors draw on
the knowledge and the experience they have gained from the scientific research – spanning over a number of
years – into financial challenges faced by companies, including coal mines, as well as risk management
processes and methods in finance, economics, management and technical sciences. They also use the expertise
acquired in course of their professional careers, including the assignments they have worked on for mining
enterprises. Some source materials (specialised reports) on the companies surveyed come from online resources.
Risk is a cross-disciplinary category and risk management can be examined across many dimensions and in
various areas, therefore the paper is written by an interdisciplinary team of authors.
Risk Categories in the Coal Mining Sector – an Attempt at a Synthetic Presentation of the Problem
Risk in the coal mining industry has its own unique profile, determined, first of all, by the type of
operations carried out directly in coal that is located deep beneath the earth surface, which in turn leads to
extraordinary hazards, such as rock bursts, coal dust explosions, methane outflows, life-threatening cave-ins,
flooding of excavations etc. These are environmental risks and, as such, are not always possible to foresee. In
particular, specific coal mining conditions are caused, first of all, by a limitation of the excavation environment,
secondly, the prevailing geo-mechanical impact of rock mass on the environment and, thirdly, the intensification
of technical equipment in the excavation area and, fourthly, limited forced ventilation of coal mines (Kapiesz,
2004). These are the basic determinants of risks which are specific to coal mining operations. Nevertheless,
when identifying the risks facing the coal mining industry, one should not forget about a mechanism of risk,
which is universal. Every coal mining risk has its own cause, i.e. a source of risk, leading to the occurrence of
risk and, as a result, risk consequences. Negligence in relation to methane concentration measurement in coal
mines, for example, and human errors are frequent causes of methane explosions, which may lead to fatalities.
Therefore, management of safety hazards has become a priority, not only in Poland and the Czech Republic
(Kapiesz, 2004), but also in the coal mining industries worldwide (Saleh and Cummings, 2011). Addressing this
priority, OKD a. s. – the only coal mining company in the Czech Republic – has implemented a number of
technical safeguards, such as continuous modernisation of communication devices, motion detection systems in
excavations which are vulnerable to rock burst damage, state-of-the-art methane concentration measuring
systems etc. (Czechy, 2017). Similar measures have been implemented by Polish coal mining enterprises, such
as Jastrzębska Spółka Węglowa S.A. (JSW S.A.), Polska Grupa Górnicza z o.o. (PGG Sp. z o.o.), Kompania
Węglowa S.A. (currently PGG Sp. z o.o.) and Katowicki Holding Węglowy S.A. (currently PGG Sp. z o.o.), and
contributed to a significant improvement in accident rates. For instance, looking at the statistics as of 18 May
2015, the number of fatal accidents in the Polish coal mining industry was as low as 6 (Polska, 2017).
Nevertheless, this industry is still perceived as a particularly hazardous sector, when it comes to a risk of
accidents and resulting disabilities, and is often referred to as a risky industry. Therefore, the environmental risks
combined with the safety hazards should be seen as the key risk categories in the coal mining industry. Apart
from the two categories, which show the overall picture of industry risks (coal mining risks), attention should
also be drawn to the risks related to mining processes, i.e. operational risks. The risks are connected with
engineering and coal mining technologies (technical risk) deployed under the ground. These are the three key
components of global risk in the coal mining industry. In their publications numerous authors share this idea,
adding an investment risk, which should not be neglected as every new excavation site requires a significant
amount of funds to be spent by a coal mine, and such investment always carries the risk of failure.
The exploitation of a new deposit has to be economically effective. That is why, as a rule, investment processes
in the coal mining sector involve the calculation of return on investment, on one hand, and an investment risk, on
the other hand. A wide range of methods may be used to this end, such as return on investment accounting and
risk management techniques, including risk simulation and real options (Hall and Nicholls, 2007). A particularly
important method, which should be used in coal mining, is the method that takes into account the Risk-Adjusted
Discount Rate (RADR), where a discount rate is adopted as a calculation rate in the Net Present Value (NPV)
approach (Marcinek et al., 2010). The advantage it offers is the fact that project risk is also covered.
The estimation is based on the general concept of a risk premium expected by an investor (in this case, a coal
mining company) and a risk-free rate. When modified to be tailored it to the needs of investment activities
carried out by coal mining companies, it may be assumed that – apart from a risk-free rate which expresses
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the value of money over time and a rate which indicates an average premium for a risk of operations (assets
involved) conducted by a coal mining undertaking the project – the calculation of the RADR needs to take into
account another rate which represents an additional risk factor, which may be positive, negative or zero-value,
and which expresses the difference between the risk taken up by the coal mining company in their business
activities and the risk of the investment project in question (Marcinek et al., 2010). As a result, the RADR may
be widely applicable in coal mining industries in Poland, the Czech Republic and other countries, as investment
projects are inherently risky and the traditional formula of NPV clearly needs to be modified, i.e. by replacing
the traditional discount rate calculated according to the Weighted Average Cost of Capital (WACC) method or
the Capital Asset Pricing Model (CAPM), in form of NPVRADR. Such an approach takes into account
the dependency between the risk the coal mining company experiences in its operations as a whole and the risk
of the given investment project. It can then be assumed that the RADR stands for the discount rate for which
the NPV of the project undertaken by the coal mining enterprise equals 0, which should be seen as another
dependency in this respect. Under this concept, the more risky the project, the higher value of the calculation
(discount) rate should be accepted in calculations and vice versa. In general, the project should help the company
to maximise its value. In Poland, such an approach is followed by, for example, Kombinat Górniczo-Hutniczy
Miedzi (KGHM Polska Miedź S.A.) (KGHM, 2017). However, no matter how risk is adopted in investment
activities and, further on, in operational or financial activities conducted by coal mining enterprises, risk is
a common and dynamic phenomenon in the coal mining sector, which is likely to bring about losses and tends to
cause pervasive and wide-ranging effects over time (Tworek, 2013). Besides, this definition of risk in the coal
mining sector may also be completed by adding a political risk. The Polish coal mining industry is a very
demanding sector in this respect. For illustrative purposes – at the turn of 2014/2015 in Poland a wave of protests
swept through Upper Silesia die to a decision made by management boards of former KW S.A. (currently PGG
Sp. z o.o.) and JSW S.A on restructuring processes to be launched in these companies (e.g. a closure of 4 coal
mines belonging to KW S.A. 4 was planned, which would lead to around 20,000 workers being made redundant)
(Polska, 2017). However, due to these social protests and the political pressure the decision was abandoned.
Similar problems were encountered in 2016 and may be predicted to recur in the future. The situation in
the Czech Republic is slightly different as trade unions in the Czech coal mining sector are much less privileged.
The major sources of risks in coal mining projects are presented in Fig. 1.
Major sources of risks in the coal mining industry

Nature

Methane
Rock bursts
CO2
Coal dust
Water etc.

Technology

Defective machines
and equipment
Safety negligence
Incorrect machine
operation etc.

Man

Insufficient
preparation to work on
the surface
Ill will
Errors
Lack of knowledge

Organisation

Incorrect/poor project
definition
Communication
Procedures
Finance
Industrial action etc.

Fig. 1. Sources of risks in projects carried out in the hard coal industry (Karbownik and Tchórzewski, 2004; Wodarski, 2009).

Fig. 1 summarises and gives an overview of the key issues related to the specific character of risks in
the hard coal industry. As can be seen in Fig. 1, there are a number of fractional reasons which may cause risks
in the operations carried out by a coal mining enterprise. In particular, the organisational risk may be related to
the workers’ resistance against a decision about the coal mine closure, on one hand, and the social resistance
against a radical restructuring programme, to be implemented in the coal mining sector, on the other hand
(Karbownik, 2005). The risk factors listed in Fig. 1 can be divided into endogenous and exogenous ones, where
an unpredictable exogenous risk means a lack of political will to carry out the consistent restructuring of coal
mines (Poland), while a predictable exogenous risk means insufficient government funds for the coal mining
restructuring programme, on one hand, and a fall in revenues generated by the coal mining companies, on
the other hand (Karbownik, 2005). The general economic situation of the Polish coal mining industry is best
reflected by the current financial standing of PGG Sp. z o.o., i.e. the largest mining group in Europe and, at
the same time, the leading producer of hard coal in the European Union, which replaced troubled KW S.A.
(insolvency risk) in 2016 (PGG, 2017). In the Czech coal mining sector, the situation looks much less
disadvantageous due to higher effectiveness of management in OKD, a. s. and, generally, better developed
organisational culture. The years 2017 and 2018 are expected to see similar trends both in the Polish and in
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the Czech hard coal industries. The key reasons behind this are low coal prices at the world commodity
exchanges, which reflect the unfavourable developments in the ARA (Amsterdam-Rotterdam-Antwerp) coal
price index. Unlike Poland, the Czech Republic harnesses some other sources of energy (nuclear energy). In
Poland, due to the political reasons, as well as some social resistance (the memories of the Chernobyl nuclear
plant disaster in 1986 are still vivid), a nuclear plant has not been constructed yet. Coal mining is the main
source of energy in Poland for the needs of heavy industry (iron and steel industry, metallurgy, electricity
generation etc.).
The problem of risk in the operations of the Polish coal mining enterprises may be illustrated by the results
of the empirical research conducted in the coal mines belonging to such groups as JSW S.A., PGG Sp. z o.o.
(former KW S.A. and KHW S.A.). The key aim of the research was to identify the most frequent risk factors
which occur in projects carried out in the coal mining sector. In course of the research, twenty-eight projects
implemented in the coal mines of the companies listed above were thoroughly analysed. The projects surveyed
were broken down into four groups: firstly, underground coal mining projects (infrastructure), which comprise
the activities related to the components of infrastructure and are aimed at ensuring the smooth operation of
the underground part of a coal mine, for example, construction or removal of a mining level, drainage, methane
extraction, etc.; secondly, underground coal mining projects (production), which comprise the activities directly
related to the mining capacity of the coal mine, such as wall reinforcement or closure; thirdly, on-the-surface
projects (infrastructure), which comprise the activities related to the components of infrastructure and are aimed
at ensuring the smooth operation of the on-the-surface part of the coal mine, for example, construction of
a coalbed methane extraction station; and fourthly, on-the-surface projects (other), which comprise the activities
related to the operation of the coal mine, focusing on supporting processes such as information sharing, sales
network development etc. (Tchórzewski and Tworek, 2011). The research shows that the biggest group among
all the projects surveyed and conducted by coal mines are underground coal mining ones (infrastructure) – 39 %,
followed by underground coal mining projects (production) – 29 % (Tchórzewski and Tworek, 2011). This may
come as no surprise as this is typical for the coal mining industry and geology, i.e. coal mining operations are
linked to underground engineering projects (Badri et al., 2011). The projects are likely to be exposed to
environmental risks (acts of god), which are mostly due to changeable geological conditions, insufficient
investigation of the structure and load-bearing properties of rocks and soils (Schneider and Spinel, 2002). In as
many as 14 projects, the coal mining environment (natural hazards) was indicated as a key risk factor in
the operations of the coal mines under research, and this risk was experienced in case of every project under
review (Tchórzewski and Tworek, 2011). Therefore, in the light of these results, it may be concluded that an
unfavourable natural environment is a major risk factor in projects carried out by coal mines in Poland. As this
risk is inherent in all coal mining projects, which has to be clearly emphasised, it can be presumed that it occurs
in the Czech Republic in a similar way. In addition, the key risk factors include delays in project completion
stages, a lack of appropriate project management experience, errors in technical documentation, as well as
problems with the funding for the project. A detailed analysis shows that over 250 various risks were identified
for the 28 projects surveyed and 35 of these risks could be classified as having at least significant impact on
the project (Tchórzewski and Tworek, 2011). In particular, the most important observations made when
reviewing the research findings include the following: first of all, the group of risk factors having at least
significant impact on the project comprises 10 elements, which are indicated more than 5 times (such factors can
be regarded as commonly present in projects); secondly, at the same time, it can be noticed that the factors
placed under the umbrella term of „delays” are the most popular ones – 33 occurrences (the most frequently
indicated reaction (risk response) to these risks is making allowances, when designing a project schedule, for
possible delays; this means being aware that the schedule is too tight but also forced by external conditions not
too leave much space for any adjustments in the action plan); thirdly, the risk factor number five is a lack of
project management experience and competence on the part of Project Manager and the Project Team’ (such a
high position in the ranking means that managers working for coal mines are increasingly aware of project
requirements and needs as well as the necessity to continue the development of their competence as well as
the competence of their co-workers); fourthly, since coal mines work on a number of projects at the same time,
they seem to be concerned about their access to funds for the projects, even the ones which can be regarded as
strategic from the point of view of the company’s operations (Tchórzewski and Tworek, 2011). It was also
observed that there was a clear lack of any homogeneous system for risk analysis and evaluation, for the needs of
similar projects implemented in the various coal mines surveyed. This has led to the fundamental conclusion that
coal mines in Poland lack an integrated risk management system. An analysis of the operations and
the organisational structure of the Czech company of OKD a.s. has led to the same conclusion.
The Concept of Integrated Risk Management in a Coal Mining Enterprise – Proposed Methodology
The implementation of the integrated risk management concept in Polish and Czech coal mining enterprises
is bound to bring a number of advantages. Contrary to the traditional risk management concept of ERM
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(Tworek, 2013), the integrated approach to risk management (IERM) – will enable coal mining companies to
manage their risks in a comprehensive way and standardise risk management policies in all coal mines belonging
to the coal mining groups. The ERM formula is applied in many industries all over the world, including Poland.
The example given above, i.e. KGHM Polska Miedź S.A., one of the leading world producers of copper and
refined silver, could be referred to again, where a common framework was implemented for risk management
across the organisation, with the related principles outlined, in particular, in a document approved by
the company’s management board in 2013 – Corporate Risk Management Policy at KGHM Polska Miedź S.A.
Capital Group (KGHM, 2017). It sets out the guidelines for risk management in the company and the goals
defined in this area, such as: first of all, to ensure that shareholder value is created and protected by establishing
a coherent approach to risk identification, evaluation and analysis and by implementing responses to key risks;
secondly, to protect employees’ lives and health, the natural environment and the reputation of the company’s
brand; thirdly, to support the achievement of business objectives by introducing tools for early warning of
opportunities and threats; fourthly, to ensure strong support for decision-making at all levels across
the organisation; fifthly, to build an organisation which is aware of risk to be taken and aims at continuous
improvement (KGHM, 2017). However, the detailed analysis of the risk management policy and activities of
KGHM Polska Miedź S.A. may lead to a critical opinion about the manner in which risks are handled by this
company. First of all, risk management is not carried out as an integrated process. The company also fails to
employ all the accessible risk management methods completely.
Due to the specific character of operations, the company size, the multitude of processes which are carried
out in the coal mining sector and, first of all, the risks which such companies as JSW S.A., PGG Sp. z o.o.,
(former KW S.A. and KHW S.A.) and OKD a. s. face in their operations, an integrated risk management system
(IERM) should be introduced at the central level in all these enterprises, based on an independent managerial
function – a risk manager. The concept is presented in Fig. 2.
Risk Manager
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in a coal mining
enterprise?

Board of Directors of
the coal mining
enterprise
Determinants of operations of a specific coal mine

Phase 1: Risk identification
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Fig. 2. An idea diagram of an integrated risk management system in a coal mining enterprise (Tworek, 2013).
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Fig. 2 presents a four-phase process of risk management in a coal mining enterprise. In particular, phase 1
of the risk management process involves risk identification, with the use of appropriate methods, techniques and
tools, in order to define the factors, which may lead to risks in a coal mine, and their division into specific risk
categories (Fig. 1). It is recommended here that checklists should be widely used, as they are a fairly common
tool in activities conducted by companies with different business profiles (Tworek, 2013). In practical terms,
checklists are based on answers given to pre-agreed questions, i.e. specific types of risks are assigned to
previously identified risk areas in a given coal mine, and then checklist questions are formulated, to be
responded to by a risk manager (Tworek, 2013). This method is best suited for risk identification due to its
strengths, and, first of all, the fact that – unlike probabilistic methods – it does not require any complicated
computer software and, consequently, tends to be quite affordable. Its main advantage is high simplicity and ease
of application in practice. The use of the method is recommended in international risk management standards,
such as ERM standards, with ISO 31000:2009 (AS/NZS ISO, 2009) as the standard with the highest applicability
(Tworek, 2010). In addition, ISO/IEC 31010:2009 standard shows the methods which should be employed in
a risk estimation process (ISO/IEC, 2009). Taking into account the specific character of coal mining operations,
the application of some methods indicated in the ISO standard, especially simulation ones, may prove to be
particularly useful. The ISO/IEC 31010 standard makes reference to as many as 31 methods (ISO/IEC, 2009),
among which special attention should be drawn to a stochastic simulation method of Monte Carlo, where risk is
described by the distribution of probability (Rogowski, 2016), in line with the general definition of risk in
science. However, this does not mean that other methods, indicated in the standard, cannot be used in coal
mining enterprises. This refers, in particular, to other risk identification methods (phase 1), such as
brainstorming, which is very popular and should be used in a complementary way, remembering, though, that
industry-specific conditions tend to play an important role when identifying risk (Tworek and Valouch, 2011).
When looking at the entire risk management process in a coal mining enterprise, risk identification appears to be
of key importance as it provides the basis for risk analysis and evaluation (phase 2), utilising appropriate
quantitative and qualitative methods (Fig. 2). Risk quantification is the most challenging stage in the risk
management process, and this is particularly true when it comes to probabilistic methods. Currently, however,
coal mining enterprises all over the world have a wide array of options here. The Monte Carlo method, for
instance, when applied in the practical business context, can prevent numerous companies from making wrong
investment decisions. This method has some advantages, which are highlighted by many authors in their
publications on the topic including its applicability to the coal mining sector (Marcinek et al., 2010). This
method may prove to be markedly useful when evaluating risk of projects conducted by coal mining enterprises,
as the analysis of target variable distribution (investment profitability level) generated in the simulation allows us
to look at specific parameters of the distribution in a detailed way and calculate the probability of an investment
project being unfeasible, i.e. NPV < 0, meaning that the investment under consideration is bound to bear high
risk (Rogowski, 2016). In order for the Monte Carlo simulation method to be used to analyse risk of a specific
project, selected input data needs to be defined in a deterministic financial model, the aim of which is to
calculate the NPV for the project, as referred to above (Rogowski, 2016). The literature points out to the fact that
computer programs (Crystal Ball or @RISK) designed for Monte Carlo analysis enable the generation of
thousands of cash flow alternatives (i.e. thousands of scenarios) and, as a result, thousands of project NPVs
(Marcinek et al., 2010). Monte Carlo simulation provides data on numerous attributes, i.e. maximum loss,
maximum and expected profit, although the distributions of possible NPVs as such do not show which project
should be chosen, i.e. the investor has to know how to interpret the results (Marcinek et al., 2010). Every type of
distribution which is adjusted to the given data may be used in probabilistic simulation, for example, preliminary
metallurgical tests in a potential coal mine may show that the processing output could be expressed as normal
distribution with the average value of 85 % and a standard deviation of 5 % (Marcinek et al., 2010). Also, a wide
range of other probabilistic and statistical measurements proposed by science may be taken advantage of in risk
simulation carried out for coal mining companies (Hall and Nicholls, 2007), which is referred to indirectly in
ISO/IEC 31010 standard. At the same time, the standard focuses on quality analysis methods such as risk matrix,
where specific types of risk are assigned specific likelihood of occurrence and, in addition to that, risk may be
graded, ranging from very low, through low, moderate, high and very high (PMBOK, 2009). This may lead to
better understanding of risk mechanism in the coal mining sector and, first of all, help to complete quantitative
methods to make the results more reliable. The strengths offered by the method include, first of all, the fact that
it enables a company to prioritise different project-related risks for further analysis or for coming up with
adequate risk responses (phase 3) and secondly, it reflects the level of risk tolerance accepted by the coal mining
company (ISO/IEC, 2009). Other methods indicated in ISO/IEC 31010 standard, such as sensitivity analysis,
decision trees, HAZOP, FMEA etc., also demonstrate their applicability, although they can only be labelled as
simple methods here (compared to simulation methods), with inflexibility being the main argument raised
against their suitability. This deficiency, which may also be attributed to the discount method of NPV, is making
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them increasingly unpopular in the coal mining sector, to the advantage of dynamic methods (risk simulation,
real options), though they continue to be applied in business practice.
As presented in Fig. 2, the risk, once estimated, needs to be evaluated and responded to in the right way
(phase 3). The most effective method in this respect seems to be insurance, which may be perceived as a separate
method of risk financing in coal mining operations (Wang et al., 2008; Galvin, 2017). This method allows risk
consequences to be transferred to an insurer. This is highlighted by ISO 31000 standard (AS/NZS ISO, 2009). In
practical terms, Polish and Czech coal mines, as well as coal mining companies located in other countries all
over the world, should opt for all risks insurance, to ensure comprehensive protection for their business, which is
particularly relevant when dealing with investment processes in the coal mining sector. Currently, this appears to
be the most effective financial instrument (Valouch et al., 2009) for preventing a coal mining company and
a project undertaken by it from negative risk effects. The only downside here seems to be the high cost of
insurance policies. All these actions, tasks and efforts, related to management, are subject to control and
monitoring (phase 4) by a risk manager, who is then expected to report the status of risk management in their
coal mining enterprise to the board of directors. This manager is required, in particular, to manage risks at
the corporate level. It does not mean, however, that a risk management team – consisting of various subject
matter experts and specialists, including engineers, lawyers, economists etc. – may not be appointed. In line with
this concept, the appointed risk management team would have a separate scope of tasks and responsibilities, and
would be responsible, first of all, for defining the scope of tasks and responsibilities related to their activities, in
cooperation with the director/top level management of the coal mine; and secondly, for simplifying and
reviewing risk management initiatives at the operational and strategic levels; thirdly, for reporting risk
management initiatives and activities and their results; fourthly, for communicating the risk management issues;
and fifthly, for reviewing the company’s risk management policies on an annual basis, against the types of risks
that need to be addressed (Ministry of RP, 2004). This team could be led by one person – the risk manager, who
would bear overall responsibility for risk management in the enterprise, in front of the board of directors (Fig. 2).
The main advantage of the integrated risk management concept, as illustrated in Fig. 2, is its applicability in
operations of all coal mines belonging to a mining enterprise. This will allow integrating risk management in all
coal mines separately and then creating one integrated risk management system at the central corporate level.
An essential part of the concept, however, is finding one common denominator for the coal mining enterprise,
i.e. the value around which risks could be estimated. Net cash flows may be regarded as such a value, as every
economic event, including the ones which are risk consequences, is reflected in the financial reporting of a coal
mining enterprise (Tworek, 2013). The financial reporting data enable the identification of all the risky events
which have occurred in the company’s activities. After that, in order to estimate risk, two methods can be used
complementarily. The first and most important one is Cash-Flow-at-Risk (CFaR) method, which shows risky
cash flows in the coal mining company. Its formula is following:
P(CF ≤ CF0 – CFaR) = 

(1)

where CF is a cash flow in a specific period, which is a random variable, CFaR is a risky cash flow, CF0 means
the planned cash flow in the analysed period, and  is the tolerance level (Jajuga, 2007). The second method –
Earnings-at-Risk (EaR) – shows profits at risk in a company and can be described with the following formula:
P(E ≤ E0 – EaR) = ,

(2)

where E means a net profit in the analysed period, which is a random variable, EaR is a net profit at risk, E0 is
the planned net profit in the analysed period, and  is the tolerance level (Jajuga, 2007). The methods are simply
the expansion and modification of the Value-at-Risk (VaR) concept and their choice in order to estimate risk, as
suggested in the paper, seems reasonable from the point of view of the subject matter and the methodology. This
is also due to the fact that in science risk is perceived as a strictly quantitative category, which should be
emphasised again (Knight, 1921).
Conclusion
Risk management in coal mining companies requires a systemic approach. Risks which are taken in the coal
mining sector, including risk factors (Fig. 1), justify such an approach. What seems particularly important here
are risk consequences, which may be painfully disastrous in this sector. To give some examples, in 2006 in
Poland a methane explosion in Halemba coal mine caused the deaths of 26 miners. Also, 20 miners were killed
and 35 injured in Wujek coal mine in 2009. These accidents belong to the most tragic disasters in the history of
the Polish coal mining industry in the last 10 years.
Risk management in coal mining enterprises should not, therefore, be limited to the general concept of
ERM, but it needs an integrated formula (Fig. 2). Integrated risk management means a holistic approach to risk
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management, with the risk manager taking advantage of a full range of methods available in this respect
(AS/NZS ISO, 2009). The methods used to identify and quantify risks, as well as the ones designed for risk
management processes, should be applied in a complete and complementary way. Besides, a coal mining
enterprise needs to find the common denominator around which risk should be estimated. The paper
recommends that net cash flows may be used as such value (Tworek, 2013), since – according to the general
concept of risk in science – all risk consequences have their financial implications (Valouch et al., 2009), i.e.
losses incurred by coal mining enterprises. Summing up, it may be concluded that integrated risk management in
a big coal mining enterprise with a modern management style means the following:
1. the enterprise has clearly identified who is to handle and bear the responsibility for risk management;
2. the risk management is carried out in all the dimensions in which the enterprise operates and applies to all
the coal mines included in this group;
3. a complete range of methods are used to manage risks, with the focus on the CFaR method proposed in
the paper;
4. the risk management supports the overall risk management process in the coal mining enterprise;
5. the risk management carried out by risk managers also refers to competitors (other coal mining enterprises)
and, in particular, takes into consideration the macroeconomic, systemic and industry-specific determinants;
6. the risk management is carried out in an on-going and reliable way, and it is analysed as a process;
7. an effective risk management process mitigates the risk experienced by the entity in its operational and
strategic activities, i.e. contributes to the creation of its value (Tworek, 2013).
Only such a formula will allow the achievement of risk management goals, which include, on one hand,
maximisation of the enterprise value and, on the other hand, mitigation of losses that are now incurred by Polish
and Czech enterprises due to risks. This conclusion is equally pertinent to coal mining enterprises worldwide,
keeping it in mind that methodical aspects are of key importance, since incorrect selection of risk identification
methods, coupled with insufficient knowledge of their applications, may lead to wrong evaluation
(quantification) of risk and the failure to take into account all the risk factors a given coal mining enterprise is
exposed to. Consequently, inadequate risk responses may be chosen. Another vital issue is the knowledge of
strengths and weaknesses presented by specific risk management methods. Here, the attention should be drawn
to the relevance of some solutions offered in the risk management standards mentioned in the paper, such as, in
particular, ISO/IEC 31010 standard, which is highly applicable and is especially recommended to production
companies. When using the solutions outlined in the paper, note should be taken of the fact that the concept
illustrated in Fig. 2, has a prominent advantage i.e. high flexibility of application. One has also to remember that
every coal mining company all over the world is different in some respects and, as a result, risk management
processes will naturally vary from case to case. Therefore, the method ought to be tailored to the needs of
the coal mining company where it is going to be employed. The implementation of the solutions suggested in
the paper is bound to bring tangible benefits to numerous coal mining enterprises in Poland, the Czech Republic
and other countries, such as, for example, the generation of additional savings for a corporate group as insurers
tend to reduce insurance premiums for production companies that have put in place an integrated risk
management (IERM) system in their operations.
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