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Introduction

The Law on special solutions to counteract supporting aggression against Ukraine and
to protect national security (Law 2022) was published in the Journal of Laws. According to
the provisions of Article 8, under the threat of heavy fines, a complete ban is introduced on
the introduction of coal originating from Russia or Belarus into the territory of Poland or
movement to another country through its territory.

According to various sources, between approximately 8.5 and even 10 million tons of
Russian coal entered Polish market in 2022, which was mainly used for heating purposes by
heating companies and private households (especially in the northern regions of the coun-
try). A ban on the continuation of these imports requires the identification of other sources
of fuel these could be either imports from other countries or an increase in mining volumes

P4 Corresponding Author: Patrycja Bak; e-mail: pbak@agh.edu.pl

' AGH University of Krakow, Poland; ORCID iD: 0000-0001-9109-3369;
Scopus ID: 55651726700, Researcher ID: ELJ-8332-2022; e-mail: pbak@agh.edu.pl

2 Silesian University of Technology, Zabrze, Poland; ORCID iD: 0000-0002-0357-200X;
Scopus ID: 35203947200; e-mail: marian.czeslaw.turek@polsl.pl

© 2024. The Author(s). This is an open-access article distributed under the terms of the Creative Commons
Attribution-ShareAlike International License (CC BY-SA 4.0, http://creativecommons.org/licenses/by-sa/4.0/),
which permits use, distribution, and reproduction in any medium, provided that the Article is properly cited.



www.czasopisma.pan.pl P N www.journals.pan.pl
Y

152 Bak and Turek 2024 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 40(1), 151-166

by domestic mines. However, both of these alternatives require a certain amount of time to
be realized. Finding new foreign suppliers entails new contracts, which can be all the more
difficult as many other countries, like Poland, no longer want to buy Russian coal. There is
also the issue of negotiating appropriate prices.

A possible decision to increase domestic mining is linked to other problems. This re-
quires, first and foremost, that new portions of the deposits that could be mined be made
available and cut in advance, which often entails several years of underground roadworks
and significant financial outlay for their implementation and for the appropriate technical
equipment of the newly prepared mining faces. With appropriate financial support from the
state, this may be possible, but not in every mine as there are a number of other consider-
ations that determine the volume of extraction that can be achieved, particularly if there is
a desire to increase it. This is the problem addressed in this study.

1. The production capacity of hard coal mines

The production capacity of a mine is the amount of output that can be achieved in an as-
sumed time interval (most often a day), defined in tons of mined coal or merchantable coal.
This is determined by the resultant (lowest) production capacity of the individual links in the
production process, which include (Figure 1) (Bak 2012):

a) Vertical transport — in the case of shafts, these are the capacities for transporting coal ex-
cavated material to the surface, which depend on the number and type of individual shaft
hoists (skips, cages, skip-cages) and their technical and operational characteristics (travel
speed, loading and unloading times), and in the case of declines, on the parameters of the
excavated material haulage conveyors built into them.

b) Horizontal transport — the transport capacity of the winning delivery vehicles (parame-
ters of the delivery vehicles) and the bulk delivery vehicles on the main transport routes
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Fig. 1. The links in the production process that determine the mining capacity of a coal mine
(Bak 2012)

Rys. 1. Powiazania w procesie produkcyjnym decydujace o zdolnosci wydobywczej kopalni
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(parameters of the delivery vehicles or the transport capacity of the wheeled delivery

vehicles).

¢) The mine’s ventilation system — determined by the parameters of the installed main fans
and the capacity of the air flow paths, which determines the amount of fresh air that can
be supplied to the working faces and the amount of waste air discharged from them and
thus the number of these faces.

d) Exploitation front — the amount of net coal production that can be achieved, which de-
pends on the number and parameters of the mine faces (usually longwalls) and, to a small
extent, on the number and parameters of the corridor work faces (galleries). From a theo-
retical point of view, there is a certain difference between the representation of the min-
ing distribution when calculating the mine production capacity and taking into account
the mining front and the distribution in the mining plan. In the former case, the entire
front possible to be created in the planned period as a result of the opening and prepara-
tory works should be presented, and in the latter case, only that front, both active and
reserve, which is needed in the mining plan limited by factors outside the mining front.
Where other mining works constrain the extraction volume, the distribution of mining
works for capacity calculation will be the same as the distribution of works resulting
from the planned extraction.

e) Processing plant — volume defined by the quantity of extracted coal (so-called raw coal)
transported to the surface from the pits, which can be processed into a commercial prod-
uct of defined grades and quality parameters, depending on the processing technologies
used and the parameters of the technical equipment and their actual operating time.
Coal production includes the finished production, i.e. the amount of coal that is received

after it has passed through the processing plant — so-called commercial coal.

In Polish mines, practically always, the parameter determining the size of the production
capacity is the capacity of the mining front. In a few cases, it may happen that the capacity
of the front is limited by the number or parameters of shafts that do not provide an adequate
transport or ventilation capacity. Therefore, assuming a mine has the following features:

¢ Machinery and equipment for transporting excavated material in horizontal work-

ings (galleries) and in vertical workings (shafts) are characterized by technical pa-
rameters that make it possible to perform its haulage from the faces to the processing
plant without interruption.

¢ The installed main ventilation fans and the capacity of the fresh and exhaust air flow

paths allow all work areas to be ventilated in such a way as to meet the requirements
of the relevant occupational safety regulations.

¢ The processing plant is characterized by technical parameters enabling raw coal to

be enriched and commercial coal of appropriate quality to be produced without dis-
ruption.

Further consideration will be given to the factors influencing the capacity of the mine
front.



www.czasopisma.pan.pl P N www.journals.pan.pl

=

154 Bak and Turek 2024 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 40(1), 151-166

2. Basic and specific factors influencing the volume
of output obtained at a mine

Every enterprise must have certain physical, personal and financial resources in order
to operate. In the case of a mining company, however, it is most important to have certain
geological resources — A mine can only operate where there are coal seams that are techno-
logically and technically viable (Mékitie et al. 2022).

Assuming that the basic factors influencing the mine’s production results (mining vol-
umes) will be the resources held, their quality parameters, the natural hazards present and
the human and material resources held, four groups can be identified (Lyczko 2021):

A. geological resources considered together with the properties of the rock mass in

which they lie;

B. natural hazards present in the exploited deposit;

C. human resources — mine employees;

D. technical equipment used in the operating process.

In addition to this, a number of further factors can be identified for each of these groups
that characterize them in more detail and are called specific factors (Figure 2).
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Fig. 2. Aggregate summary of factors influencing the mining capacity of the exploitation front of a coal mine
Source: own work based on (Lyczko 2021)

Rys. 2. Zbiorcze zestawienie czynnikow wptywajacych na zdolnos¢ wydobywcza frontu eksploatacyjnego
kopalni wegla kamiennego
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With regard to geological resources, the specific factors are:

Al.
A2.

A3.
A4.

AS.
Ab.

geological disturbances that may be present in the deposit;

strength properties of the bedrock and floor rocks lying adjacent to the exploited
deposit;

background of previous mining operations — left-over, produced mining edges;
geometrical parameters of the deposit being exploited, in particular its thickness;
which determines the height of the wall;

depth of deposit;

shapes of the mining fields that can be cut, having a decisive influence on the panel
and wall lengths.

With regard to the natural hazards that may be present in the exploited deposit, those that

have the greatest impact on the ability and speed of mining operations have been singled out

as specific factors:

Bl.

B2.
B3.
B4.
BS.

methane hazard;
bump hazard,;
climate hazard;
water hazard;
fire hazard.

Three factors have been identified in relation to human resources, which are the workers

employed in the mining operations:

Cl.
C2.
C3.

personnel — the number of employees (in-house or external) that can be employed;
skills — the ability to perform specific tasks and solve problems;
experience — professional competences acquired during employment.

With regard to physical resources — technical equipment (explanations according to

DI1.

D2.

D3.

D4.

Ds.

(Bedkowski and Dabrowski 2006)):

technical condition — determination of the degree to which the equipment or ma-
chine is capable of continuing to perform the task for which it was intended;
durability — the property characterizing the ability to maintain the required service-
ability and availability under specified service conditions until the contractual limit
state is reached;

reliability — the property characterizing the certainty of meeting the requirements of
use and operation under specified conditions and over a specified period of time,
vulnerability — the set of properties (characteristics) that determine good adaptabil-
ity to operation under existing conditions;

utilization rate — understood as the effective use of the length of possible working
time per day (month, year).
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3. Influence of individual factors on the extraction volume achieved

3.1. Geological structure of the deposit, its geometrical parameters
and the natural hazards present

When assuming that the output of a mine can be increased, it is first necessary to deter-
mine the size of the operable (recoverable) coal reserves lying in the deposit. However, it
is not sufficient to simply state that there is sufficient coal, it is also necessary to take into
account the geological conditions of the deposit. Planning the volume of mining, in addition
to all the safety aspects of performing the work, should also take into account:

¢ the presence of any disturbance in the bedding of the seam, the strength parameters

of the roof and bedrock;

¢ the geometrical parameters of the deposit, particularly including its thickness as well

as its slope;

¢ the possible need to limit the progress of a longwall resulting from the scale of the

natural hazards present (especially methane and rock-bump hazards) or the consider-
ations for protecting surface facilities.

The occurrence of numerous disturbances in the excavated pit walls and/or the poor
strength of the rocks located in the roof or floor completely exclude the possibility of assum-
ing large extraction volumes. This can be confirmed by the results of the study contained in
previou work (Matuszek 2021). It contains detailed data (copies of dispatcher’s reports) on
stoppages and interruptions of eight longwalls of one of the mines in the years 2015-2018.
The longwalls were operated under varied geological and mining conditions, differed in
geometrical parameters, technical equipment and organization of work (three- or four-shift
systems). Only periods of normal running of the longwalls (without their start-up and prepa-
ration for decommissioning) were taken into account in the breakdowns. This data enables
the compilation of the number of minutes of stoppages for each longwall, grouped according
to eighteen different reasons. In addition, for each longwall, it is also possible to compile
a summary of the total nominal duration of all production shifts during the entire period of
its normal run.

In the case of two of these, the number of minutes of downtime caused by rockfall and
geological disturbances occurring is of particular note:

¢ In the first wall, for which nominal working time was over 279,000 minutes, break

time was over 33,600 minutes, which represented over 12% of nominal time.

¢ Inthe second wall, for which nominal working time was over 152,000 minutes, break

time was over 12,100 minutes, which accounted for almost 8% of nominal time.

It could also be noted that in the case of the first longwall, mainly for geological reasons,
there were as many as ninety-eight production shifts during the period of its run, during
which, not even one ton of coal was obtained; with a four-shift work organization, this
means that the longwall shearer stood idle for almost twenty-five days. In addition to such
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extreme situations, it often happened that out of a nominal 330 minutes of work, the work
actually lasted only 60 to 120 minutes.

Another specific factor related to the properties of the rock mass is the presence of min-
ing occurrences. In mines, mining is often carried out in the vicinity (under or over selected
parts of the deposit or in partially unselected areas). Leaving parts of the deposit, for various
reasons, results in the formation of so-called exploitation edges. Previously selected portions
of the deposit, produced edges and residual seams are known as exploitation edges, caus-
ing changes in the state of the rock mass (Chlebowski et al. 2017). First and foremost, they
adversely affect roadways, which can manifest as tightening or uplifting of the bottom. In
addition, especially in seams prone to rock bump, they cause an increase in stresses in the
rock mass, increasing its seismic activity. Under such conditions, it would be impossible to
assume an increase in mining volumes.

Another factor is the geometric parameters of the deposit, particularly its thickness and
slope (longitudinal and transverse). The thickness of the seam under certain conditions, e.g.
in the absence of geological disturbances, sufficiently strong roof rocks and the possibility of
using mechanized support of sufficient height can be equated with the height of the longwall
(Turek 2007).

The importance of the weight of longwall height on the amount of production obtained
can be illustrated as follows. A 200 m longwall, having a progression of 5 m/d, operated
on average twenty-two days per month and having an average height of 2.5 m, can produce
about 71,500 tons of coal per month. If the height is increased by only 0.1 m, this figure
increases by almost 3,000 tons, and with an increase of another 0.1 m, more than 5,700 tons
more coal can be obtained (Figure 3).

Fig. 3. Monthly extraction volumes obtained in an example wall depending on its height
Source: own work

Rys. 3. Miesi¢czne wielko$ci ekstrakeji uzyskane w przyktadowej cianie w zaleznosci od jej wysokosci
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Steep longitudinal and transverse slopes in the seam, especially longitudinal slopes ex-
ceeding 25° often require additional technical and organizational safeguards that can im-
pede rapid longwall progress.

The depth of the deposit (another specific factor identified) is also very important in
terms of the type of mining performed. As the depth increases, the pressure of the rock
mass increases, exacerbating the threat of rock bumps and the difficulty in maintaining the
dimensions of the mine workings, and often leading to an increase in the amount of methane
released. In addition, climatic conditions also deteriorate and fire hazards increase. All of
this necessitates an increase in the scope of appropriate prophylaxis against these hazards
and can even lead to the need for significant advances in ongoing mining work.

The last mentioned factor concerning the geological resources and their characteristics
is the possibility of separating mining plots in the deposit with shapes that allow the cut-
ting of longwalls with large panel lengths, exceeding 1,000 m. If the cutting fields have to
be limited by, for example, strong geological disturbances, protective pillars, the boundaries
of the mining area, then planning to obtain large production volumes from them is only
possible for a short period of time — a longwall with a short panel length will quickly come
to an end.

In addition to this, the shape of the isolated field should allow for the cutting of longwalls
of sufficient length, exceeding at least 200 meters. This is mainly due to the fact that when
a particular mechanized shearer is built into a longwall, the amount of output from it mainly
depends on the capacity of the mining machine (almost always a roadheader) — this increases
as the length of the longwall increases.

The next group of basic factors determining the amount of extraction achieved, insepara-
ble from the characteristics of the deposit being exploited, are the natural hazards present in
the deposit, particularly: methane, rock overthrowing, water, climate and fire (Augustyniak
2021; Burtan et al. 2018; Tutak and Brodny 2019).

Two of these are particularly dangerous (Turek 2010; Krause and Lukowicz 2012; Krause
and Dziurzynski 2015; Kamyk and Krzemien 2018):

¢ Methane, associated with the presence of methane in the rock mass and its release

as a result of mining activity, usually increases strongly with increasing depth of
mining. At great depths there is often the so-called dynamic effect of free methane,
trapped in the zones of tectonic disturbances under high pressure of the overlying
rocks.

¢ Rock bumps, where rock bumps are understood as a dynamic phenomenon caused

by a shock to the rock mass, which results in the violent destruction or damage of an
excavation or its section. This involves the total or partial loss of functionality of the
workings or the safety of their use.

With regard to the safety of the workings, the severe increase of these hazards often
completely eliminates the possibility of achieving large extraction volumes. In many cases,
it is required to limit the progress of the longwall, necessary for degassing or de-stressing
the exploited seam, to apply so-called coordinated mining, which prevents the formation of
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additional stresses in the rock mass. There may even be cases of abandonment of mining in
batches with the highest risk.

When mining under water-hazardous conditions, it may be necessary to stop mining
because of the need to pump out or drain water that has accumulated in goafs or in failing
overburden layers. If this is not possible, safety pillars should be left intact around water
bodies or water-bearing faults, which can significantly reduce the mine’s operational re-
serves (Kabiesz 2008).

The presence of a climatic hazard may also prevent an increase in mining volumes.
According to regulatory requirements, there are three degrees of climatic risk in under-
ground mines, with only rescue work permitted in workings classified as third-degree risk.
On the other hand, in the first and second degrees of danger, devices are used to lower the air
temperature and working hours are reduced (Szlazak 2011).

In coal seams characterized by a high propensity for spontaneous combustion, so-called
endogenous fires often occur. Admittedly, one of the preventive measures to counteract this
risk is to maintain a high degree of longwall progression, but this may not be feasible if there
is a concurrent risk of methane or rock bump. Then, in the event of a fire, the entire region is
most often shut down and dammed.

The considerations to date regarding the possible impact of geological factors and natu-
ral hazards present are summarized collectively in Table 1.

3.2. Human resources and technical equipment available

If the geological conditions of the deposit and its parameters are favorable and the natu-
ral hazards present are not a significant impediment to the extraction of the deposit, human
resources and technical equipment are the next two main factors in a mine that influence the
possibility of achieving certain coal extraction volumes.

The term ‘human resources’ refers to the staff employed by a company (mine), and in
fact to their work. In this respect, particularly in the case of an underground mine, it is not so
much the number of employees available that is of paramount importance, but also the skills
and work experience they possess (Michalak and Zochorek 2022a, b).

When wishing to assume a certain amount of extraction (or an increase in extrac-
tion), in terms of human resources, the following should be taken into account first and
foremost:

¢ The number of workers, either in-house or from third-party companies, who may be

available to carry out specific works. This is mainly important in terms of safety rules
for working in underground workings. In many cases, regulations and instructions
specify the necessary manning of the work to be performed, and there can be no
question of not conducting certain work due to a shortage of personnel;

¢ Skills and professional preparation of workers — for work in underground mine work-

ings, it is not possible to supplement personnel by employing people who do not have



www.czasopisma.pan.pl P N www.journals.pan.pl

Bak and Turek 2024 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 40(1), 151-166

160

HIOM UMO 132IN0S
"(T861) DISUIQAPIY "V JO POYIow oy} 0) SUIPIOIDIY

209 Jo AI[IqUsSNqUIOd

A AL 1l I snoauejuods a3 dnoin i
11 9pein I opeIn ouou plezey ajew]) €1
111 ‘11 opeIiD I opeIn ouou pIezey Iojem Kl
11 9pein I opeIn ouou piezey dung 11
K1039180 AT ‘TIT K1039380 [ pUR | QUEYOUW-UOU plezey SUBYIIA ‘01
w9 >m w000l >m>009 wo00l <m y3ud] [oueq 6
w o0l <y w00l >Y>uw 008 w008 >y mdoq 8
oST<u oST>U> 01 0I>U yond o L
w e[ >wpue w ey S>> g¢pue o
o wee>ws>07cT SSOWII) Wrea§ 9
wey < wyg>w>ep
~ [10S paqirysipun ypIm .
SJe03 YIIM papunoLIns sapIs y3oq Jeo3 yum Surpunolns papIs-ouo SBUIpUNOLINS SOPIS TOq p1ey [rem8uof SuiSpyg S
sa3pa joedwl 3s19ApR 19113 9y Suyoeoidde
QUIqUIOD A} PU. P[oY [[emSUO] Y dA0qE 10 ‘p[oy [[emSuO] Y WOIJ I ()9 UL} IO PIoy Bururu djoya suopeiado :
pauiq B PUt DI 1 19t oA0q PRSI 1943 Lok t 09 uv 91} JO UOTJEXL[I IO OU Surur Jo punoiSyoeg v
uwr ()9 10 mo[oq W (¢ 0} dn [enprsar 10 a3po 10 W ()¢ 0} MO[oq [enpIsal 10 a3pa o[Surs
I 1I I 1SSE[0 J[o0Ipag €
IAT AT AT SSB[D 3901 100]{ C
I ()] < S}NeJ ‘SodULqINISIP SNOISWNY (w 1 0y dn sy[ney) seoueqIn)sIp 9[3uIs S9OURQINISIP INOTIM yisodop oy T SEdUBQINISIT T
Suons [Tews QuON.
uoneoy1oadg wo)y
SWIN[OA UOT)IBNXA U0 Joedu]
BIDAQOPAM JSON[OIM BMUTIIIAP 210 ‘YoAUTRINIBU UoZ0IFeZ YoAoknddisAm 1 yoAuzoI301003 MONIUUAZD OAUMOLS QTUSIMBISOZ  “[ B[9qR]L
UOIOBIIXI JO SWIN[OA d} QUILLIA)IP Jey) Juasaid spiezey [emjeu pue s10joej [ed150[0a3 urew ay) jJo Arewwing  “ 9[qeL,



www.czasopisma.pan.pl P N www.journals.pan.pl
Y
—

Bak and Turek 2024 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 40(1), 151-166 161

the required professional preparation with regard to completed schools or specialized

courses (this also applies to the ability to operate machinery and equipment of mod-

ern mechanized shearers).

¢ The professional experience of the workers, which is necessary due to the fact that

they work underground, in specific conditions, is often not entirely predictable.

The last of the basic factors identified, the technical equipment that can be used to mine
the deposit, is equally important in determining the size of the planned output. At present,
in the Polish coal mining industry, coal seams are mined practically exclusively by longwall
system with the use of mechanized longwall shearers (Swiatek and Stoinski 2019). For this
reason, considerations concerning the significance of technical equipment for the volume of
output achieved can only relate to the machinery and equipment included in these shearers.

If all the conditions analyzed so far do not prevent an increase in mining volumes, the
mine must have suitable equipment, as characterized in previous work (Szurgacz and Brod-
ny 2020).

¢ good technical condition, not showing signs of wear and tear to an extent which sig-

nificantly jeopardises its trouble-free operation;

¢ maintaining the required serviceability and operational reliability for the planned

period of the longwall operations, under defined geological and mining conditions;

¢ susceptibility, i.e. appropriate adaptation to the geological-mining conditions of the

mine face, e.g.

+ with a mechanized support of the required strength and height to allow clean
removal of the deck;

+ with a mining machine (usually a roadheader) with the required feed speed and
clearance over the conveyor, and mining units with the appropriate diameter and
depth of cut;

+ with longwall and face conveyors with parameters enabling smooth extraction of
the coal stream.

Failure to meet any of the above conditions will always result in greater or lesser disrup-
tion to the mining operation.

In terms of mining volumes, there is another factor inherent to technical equipment con-
cerning the effective use of working time. According to the regulations in force, the norma-
tive working time of a miner underground, calculated from entering the shaft cage to go un-
derground to exiting the shaft cage after departure, is 7.5 hours per day (450 minutes). From
this is deducted the time required to reach and return from the coalface at the end of the
work, resulting in a so-called nominal working time of 320 to 300 minutes, depending on the
distance of the wall from the shaft. At coalfaces, work is most often organized in a system of
three mining shifts and one maintenance shift. Then, with the working time in force, breaks
of around two hours often occur between mining shifts. In some mines, this is prevented by
creating so-called ‘inter-shifts’, but most often, the sum of the nominal working times of the
mining shifts is at most 75-80% of the day. It can therefore be seen that by simply changing
the face occupancy system, an additional 250-300 minutes of running time can be gained.
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However, it must be borne in mind that the desire to make such a change must involve an
increase in the number of underground crew members. Even if this were possible, it would
entail a large increase in labor costs.

4. The economic aspect of the possibility of increasing mining volumes
in mines

For economic reasons, decisions to increase the output of a particular mine should not be
taken without first performing an analysis of their profitability (Jonek-Kowalska 2017, 2018).
It may turn out that, as a result of a number of projects, the output of the mine will increase,
but the cost of their implementation and/or subsequent realization will be so high that the
unit cost of producing one ton of commercial coal will be much higher than the selling price
or the import price. Such a situation absolutely must not occur.

Any increase in mining volumes may only apply to mines with sufficiently large reserves
of operable coal. It is rather unlikely that these resources will lie in lots that have already
been accessed and cut for mining. If reaching them involves mining at greater depths, this
may involve, for example, the requirement to deepen shafts or build a new level. Apart from
the fact that these are very costly mining ventures, it will only be possible to obtain the first
tons of coal after several years. Furthermore, there is no guarantee that it will still be needed
then.

As already mentioned, the descent of mining to greater depths is most often associated
with an increase in the status of existing natural hazards, particularly including methane,
rock bumps and climatic hazards. In order to ensure safe operating conditions, this will re-
quire an extension of the prophylaxis applied. Prior to planning the volume of extraction, it
is necessary to conduct a prior appraisal as to whether an increase in the category or degree
of hazard will result in the need to limit the progress of the longwalls or introduce shortened
working hours.

An increase in the volume of extraction can be achieved either by opening new extrac-
tion areas (increasing the number of longwalls) or by introducing changes in the organi-
zation of work that increases effective working time. In both cases, it will most often be
necessary to increase the number of in-house employees or the range of services provided
by external companies.

The commissioning of new (additional) longwalls will also require the purchase of very
costly modern mechanized longwall shearers, which must include machinery and equipment
with parameters precisely tailored to the operational needs, including the size and support
of the mechanized support, the feed speed and diameters of the roadheader’s cutting units,
the capacity of the conveyors.

All the projects listed above (summarized in Table 2) require financial outlays, often
amounting to tens of millions of zlotys. They will then be charged to the costs of extract-
ed coal by depreciation, labor, materials, rent and services. The decision to increase the
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volume of mining should therefore be preceded by a very thorough analysis of its eco-

nomic viability.

Table 2.  Sources of additional costs for coal mines planning to increase existing output volumes

Tabela 2. Zrodha dodatkowych kosztow dla kopaln planujacych zwickszenie istniejacych wolumendw wydobycia

Item Necessary actions or existing circumstances Range of costs incurred
. . Construction (shaft deepening), level construction, cuttin
1. Making new resources available uction ( deep g)., v T » cuting
of the deposit — capital expenditure, materials, labor costs
. . Extension of the existing scope or the implementation
2. Exacerbation of existing natural hazards x . xasting Scop . P .
of new risk prevention principles — investment expenditure
. Hiring additional staff or increasing the services of external
3. Increase in employment . . .
companies — labor costs, hiring costs and services
4 Equipping pits with modern highly efficient Purchase of equipment — mechanized longwall shearers,
’ machinery and equipment extraction conveyors — capital expenditure

Source: own work.

Conclusions

The introduction of a ban on coal imports from Russia or Belarus has created the need
to find an additional 9—10 million tons of thermal coal to cover the needs of the domestic
market in the near future. This is possible either by increasing its imports or by increas-
ing output in our mines.

With the exception of a few mines, the mining capacity is determined by the production
capacity of the accessible mining front, i.e. the amount of output that can be obtained
from the cut pits (longwalls).

The main factors determining the amount of coal to be extracted from a mine are the
coal reserves, especially the operable reserves, located in a rock mass with specific prop-
erties, the natural hazards present, and the human resources and technical equipment
available.

Each of the above factors should be analyzed in detail before deciding on a possible
increase in extraction. A number of additional, most relevant specific factors have been
identified for these. Their importance stems from the fact that any one of them may cause
the intended increase not to be realized, particularly by interfering with or limiting the
progress of the longwall.

In addition to this, it is very important to carry out analyses in advance regarding the
economic viability of taking measures to increase extraction volumes. More often than
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not, these require significant financial outlays, which can result in high extraction costs
later on.

6. It should also be noted that, should it be decided to take measures to increase the pro-
duction capacity of any of the mines, due to their high costs, it will also be necessary to
provide adequate financial support from the state.
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THE IDENTIFICATION OF DRIVERS INFLUENCING THE PRODUCTION VOLUMEIN COAL MINES
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Abstract

According to various sources, between approximately 8.5 and even 10 million tons of Russian coal
entered Polish market in 2022, which was mainly used for heating purposes by heating companies
and private households (especially in the northern regions of the country). A ban on the continuation
of these imports requires the identification of other sources of fuel — these could be either imports
from other countries or an increase in mining volumes by domestic mines. However, both of these
alternatives require a certain amount of time to be realized. Finding new foreign suppliers entails new
contracts, which can be all the more difficult as many other countries, like Poland, no longer want to
buy Russian coal. And then there is the issue of negotiating appropriate prices.
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A possible decision to increase domestic mining is linked to other problems. This requires, first
and foremost, that new portions of the deposits that could be mined be made available and cut in
advance, which often entails several years of underground roadworks and significant financial outlays
for their implementation and for the appropriate technical equipment of the newly prepared mining
faces. With appropriate financial support from the state, this may be possible but not in every mine as
there are a number of other considerations that determine the volume of extraction that can be achie-
ved, particularly if there is a desire to increase it.

The aim of this publication is to present, analyse and identify factors that directly influence
the volume of hard coal production, taking into account the dynamically changing market environ-
ment.

IDENTYFIKACJA CZYNNIKOW WPLYWAJACYCH NA WIELKOSC
PRODUKCJI W KOPALNIACH WEGLA KAMIENNEGO

Stowa kluczowe

zdolnos$¢ produkeyjna, kopalnia wegla kamiennego,

parametry jakosciowe, budowa geologiczna ztoza

Streszczenie

Wedtug réznych zréodet w roku 2022 na polski rynek trafito od okoto 8,5 do nawet 10 milionow
ton rosyjskiego wegla, ktory byt gtownie wykorzystywany do celow grzewczych przez firmy cie-
ptownicze oraz prywatne gospodarstwa domowe (szczegbdlnie w potnocnych rejonach kraju). Zakaz
kontynuacji tego importu wymaga okreslenia innych zrédet pozyskania paliwa — moga nimi by¢
albo import z innych krajow, albo zwigkszenie wielkosci wydobycia przez krajowe kopalnie. Oby-
dwie te alternatywy wymagaja jednak okreslonego czasu na ich zrealizowanie. Znalezienie nowych
dostawcow zagranicznych pociaga za sobg konieczno$¢ zawarcia nowych kontraktéw, co moze by¢
o tyle trudne, ze wiele innych panstw, podobnie jak Polska, nie chce juz kupowac rosyjskiego wegla.
A oprocz tego pozostaje jeszcze kwestia wynegocjowania odpowiednich cen.

Z innymi problemami jest zwigzana ewentualna decyzja o zwigkszaniu krajowego wydobycia.
Wymaga to przede wszystkim wczeéniejszego udostgpnienia i rozcigcia nowych partii z16z, ktore
mogtyby by¢ eksploatowane, z czym wigze si¢ konieczno$¢ czesto kilkuletniego prowadzenia robot
chodnikowych oraz poniesienia znaczacych naktadéw finansowych na ich realizacj¢ i na odpowied-
nie wyposazenie techniczne nowo przygotowanych przodkéw wydobywczych. Przy odpowiednim
wsparciu finansowym ze strony panstwa moze to by¢ mozliwe, lecz nie w kazdej kopalni — istnicje
bowiem szereg innych uwarunkowan determinujacych wielkosci wydobycia mozliwe do uzyskania,
szczegolnie w przypadku checi jego zwigkszenia.

Celem niniejszej publikacji jest przedstawienie i analiza oraz identyfikacja czynnikow, ktore
wplywaja bezposrednio na wielko$¢ produkcji wegla kamiennego z uwzglednieniem dynamicznie
zmieniajgcego si¢ otoczenia rynkowego.
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