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The use of ANN in improving efficiency and ensuring the stability
of the copper ore mining process

Dorota Wigcek', Anna Burduk? and Ivan Kuric®

The aim of the article isto propose a concept for controlling the loading and haulage process and copper ore in a mine with a pillar-
chamber system. An appropriate method of control should ensure the production level assumed in the production plan at the lowest costs of
the process. It isimportant to properly select the cost account showing the impact of cost factors (variable parameters) on the total costs of
the process. In the presented concept, it is proposed to build an SSN model which will allow for such control of the rigs and haulage process,
so that the process remains stable in the assumed period and the economic result is as large as possible. The process will remain stable if the
extraction volume is congistent with the volume planned in the production plan. In addition, process control will be aimed at ensuring the
lowest total costs of rigs and hauling off the output. The decision model proposed in the article will enable quick decisions to be made,
allowing for the implementation of production plans while ensuring the criterion of production efficiency. Optimization of processes often
leads to problems where there is a need to resolve the issues of process evaluation based on more than one objective function. The proposed
solutions have been adapted to mining systems operating under the conditions of a given enterprise.

Key words: ANN, process costs, process efficiency, controlling the loading and haulage process of the output

Introduction

Currently, the costs of copper production in Polamccomparison to the competition are high and are
constantly growing. In order to join the group afde global copper producers, one of the stratgitiars is the
improvement of efficiency aimed at reversing thentt of rising costs by investing in new technolsgie
modernizing infrastructure, optimizing processed arganizing production (Gwiazda et al., 2017; Azgah et
al., 2011; Wirth et al., 2016). The high unit proton costs of copper ore to a large extent reSoin
organizational and process inefficiencies (Tworékak, 2018). Cost savings can be found, in thep@ro
management of mining processes, among others. dimeept of controlling the loading process and compe
presented in the article ensures, on the one lheadtability of the process, and the lowest mirdogts on the
other.

The concept of stability is derived from the sysdettmeory. Most definitions found in the literatueder to
the concept of the state of balance and definesthhkility of a system as its ability to return teetstate of
balance after the disturbances that caused thahitist has ceased. The stability of a control egsis its most
important feature that characterizes the abilityatcomplish the tasks, for which it has been H@lbnicki,
2005, Janson and Jurenoks, 2012).

If the value of the paramet®(t;), which characterizes the production system atithe t; is within the
predetermined intervadtl < P(t;) < P2, this will indicate a correct course of the prace3therwise, corrective
measures should be taken. Corrective measureshusasist in changing the values of control vaeab
(inputs to the system) in such a way, so that #laes of the parameters characterizing the coattolariables
(outputs from the system) return to the procesgseostandards established at the planning stagen{&,
2005). Production plans and parameters charaatgrthiem usually constitute the standards. A comlectsion
will cause the system to return to the steady gtatenczyk et al., 2017).

It can be said that a production system is in thady state if values of the parameters definimgatwithin
the ranges specified in the planning function aedorded in a standard, that is, a production p&m,
schematically shown in Fig. 1.

On the one hand, it is necessary to ensure thditstaih production processes and, on the otherdhdow
production costs in order to ensure the comparogrspetitiveness (Fusko et al., 2017). This staterseaims
particularly important in relation to mining proses characterized by high volatility and uncerjaitiie to
variable and unpredictable environmental conditiidshn et al., 2014, Litwin et al., 2017; Tahiradt, 2015).
These processes are unstable and cost-intensivepatrolling them is very difficult.
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The aim of this study is to comprehensively predéet concept of controlling the loading and haulage
process in the copper ore mining process ensuniagtability of this process while maintaining tygpropriate
level of costs, and as a result, striving to imgrds efficiency.

System

parameter P(ts) The system is unstable
P) / because P(ts) > P,

P, P(ty) é r2 /

P(ts)
by Pit;) Pito)

P(ts) v

ta t ts ts ts te Time (T)
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The system is unstable
because P(t;) < Py

Fig. 1. The variability of the system parameter P(t;) is caused by the impact of disturbing factors (r;) (Burduk, 2015).

The solution to this problem requires:

« determination of operating costs for the exploitatprocess, taking into account the cost-generdéciprs
of the so-called variable input parameters thategimprehensively manage these costs,

e building an SSN model that enables controllinglt@eling and haulage process, while maintainingilitab
in the assumed period,

e proposing a model for the optimization of this @ss according to extraction criteria as a functibmany
variables and the total cost of the process alsa famction of the same variables with constraorishe
stability and limit (acceptable) cost of this presge

« determining the optimal process efficiency, whictl wnable obtaining knowledge of the value of cost
factors (input parameters) depending on the sizénefoutput as a function of many variables sethay
artificial neural network.

Application of artificial neural networks (ANN) in control of a production system

Neural networks are modern computational systens process information based on phenomena
occurring in the human brain. The neural networkaisnathematical model, consisting of a network of
computational nodes called neurons and their cdiome In addition, it has the ability to learn. tificial
neurons, like their natural counterparts, are cotmteby means of connections whose parameters lftsgigre
modified in the so-called learning process. Inpghals, being data from the production process papeessed
by the network and outputted as a solution to ds&.tMost networks have a multi-layer structurghwulie input
and output layers and the so-called hidden layiarsgdsout. This means that SN can be treated aallsaidlack
boxes, capable of solving the problem under ingasitn with greater accuracy than classical methaithout
the need to understand all relations between elmmeithe system. In the mathematical sense, theahe
network is a universal approximator of the functiaf several variables and performs non-lineartians on
the form (Barron, 1994):

y=f), 1)

wherex is the input vector, anglis the performed vector function of many variables
They can be used to map complex relationships ltvigput signals and selected output signals wilttiga
probability of success, without the need to buddplex mathematical models.

The primary objective of modeling the dynamics ofpmduction process is to identify the temporal
variability of its physical quantities or statesz@legan et al., 2011; Bozejko et al., 2012). Ts é#nid, a time
series, that is, an ordered sequence of valueseftain variable over time should be determinedinfe series
may have aform of the vector(t,), y(t,), ..., y(ty). Due to the fact that process parameters mayrdiffe
individual phases of the process, the time sergetov can take the form of a vector definedNkdimensional
space. Individual components of this vector willthe states of the production process stages ipakg which
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in turn can be regarded as points in multi-dimemsi®utput space. Thus the task of analyzing thepteal
variability of the production process can be redumesearchingN-dimensional space for a certain trajectory, on
which the analyzed output variable of the processves". Thus, a given quantity in the form of adiseries is
determined in order to predict its value in futarements.

A unidirectional neural network can describe thgutarities occurring in a time series and allows
predicting its future values. Future value of tiveet seriest(t + 1) is usually predicted on the basis of the
current value andk" past valuey of the series, as well as the current value #hgdst values of input variables
x according to the formula:

yt+1) =fly®),yt—1),..,.yt—k),x(),x(t—-1),...x¢t-D,w). (2

Unidirectional multilayer networks (without feedibd@re used in over 80 % of all applications of naéu
networks (Barron, 1994). Fig. 2 shows a list ofuihand output data used in ANN models.

a) b)
Set of training data Set of training data K . . . K
‘ DataflinpUtiinformation Data. output information ‘ Data, intput information Data, output information
Xa1, X1, -vry Xa —— ANN Xp——> i
Xa, Xaz, s Xow = MODEL >V, Y,, ..., Y T MODEL >y,
: :
Xty Xnizy -y Xoa ——> Xn——>

Fig. 2. Ligt of input and output data in models of artificial neural networks a) network learning, b) conducting experiments.

Artificial neural networks are usually used to solproblems associated with the approximation,
interpolation, prediction, classification, recogmit, and control (Burduk, 2015; Rojek et al., 201Rhage
recognition, which also includes classificationpyping, and processing, accounts for approx. 70f%llo
industrial applications. In the management and atpmr of production systems, artificial neural netls are
more and more often used for control of productiwacesses, robots, analysis of manufacturing pnodle
diagnostics of electronic systems of machines,ctiele of personnel and input materials, optimizataf the
business activity, waste disposal, robot movemepisnning overhauls of machines, forecasting oftcos
(Burduk and Jagod#ski, 2015; Rojek et al., 2012).

Artificial neural network models can be used to toointhe production system, and thus to ensure its
stability. The ease and speed of their construatiake them a very useful tool. A large amount dhdeeeded
in the network learning process remains to be tig problem, which, however, in the era of the @nsality of
information systems, parameterization and standatidn of production processes cease to be a profikola
and Ktosowski, 2018; Furmann et al., 2017).

Application of the ANN model to ensure the stability of the copper ore mining process

The purpose of building the ANN model is to enssueh control of the copper ore (that is, an outpgh
and haulage process so that the process remalre stathe assumed period. The control will consisan
adequate selection of parameter values for prooga#ts in order to obtain an output value (thattie
production volume) consistent with the predetermipeoduction plan. The process will remain stalbléne
production volume is consistent with the volumeisahe production plan.

General characteristics of the production system

The study was conducted in one of the mining congsalocated in Lower Silesia, Poland. The mine, for
which the neural network was built, covers an arfes58 knf underground, while mining operations take place
at a depth from 610 to 850 m. One of the miningsitms of the mine (G-1 division) was selected tloge
analyses. The G-1 branch extracts copper ore framtining fields XXI1I/1 and XXIII/2. Machines opating
in this branch are serviced by a heavy machineamtter (KMC) C-2B. Fig. 3 shows a fragment of theeni
map with the G-1 branch area marked out, roadsvi@tl by machinery from the heavy machinery chaniber
mining fields and roads where copper ore is trarisdo

The operation process is the main process in ttieeanining system, in the mine in question, itdalplace
in a pillar-chamber system, which means that theparation of the field for operation consists inking
pavements and excavation corridors. This is didtateventilation and transport considerations. &keavation
corridor enables bringing large amounts of air itlte operating fields, which is necessary due ® tigh
primary temperature of the rocks and the combusti@chines used in the operation process. The paieme
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enable organizing the movement for mining macharesthe separation of the output route for hautageval
with conveyor belts.

The operation process consists of the followinggesta encasing, drilling, blasting, rigs, and haelag
horizontal and vertical transport. The operationcpss consists of the stages described below, wiich
cyclically. The process itself takes place in malgces simultaneously, in many fields of extractiovarious
parts (faces).
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— C-2B heavy machinery chamber
The way of access of machines from the C-2B chamber to the mining fields of the G1 branch
— Horizontal transport of output (belt conveyor)
L 4

G1 grates on the branch

Fig. 3. Diagram of the G1 mining branch.

Enclosing consists in securing the selected spatie the ceiling securing the roof with anchors. The
purpose of this process is to protect the selespate for further stages of the operation processhiing
people and machines. If the copper content in theosit is too small, then further exploitation hees
unprofitable, and the selected space is liquidated.

The aim of the drilling process is to make bladebpto which an explosive will be fired in the nmig sub-
process. Drilling is performed using the so-calsedf-propelled drilling rigs (SWW) and consists rimaking
blast holes in the deposit to a depth of about Ine number of holes varies and depends on thedfypack.
Then in the blasted holes, with the help of setfgadled rigs (SWS), an explosive is fitted. Blagtia performed
twice a day, that is firing the fitted explosives.

The purpose of the rigs and haulage process isatsport the blasted copper ore to the transfemtpoi
(so-called grid). A set of three machines is uguialiolved in the loading and haulage process: eaita/loader
(LK) and two haulage rigs (WO). Due to the necgssit maneuvering, the rigs of the WO takes placéhin
chambers closest to the blasted face. Due to theittans of work, machines are subject to frequerakdowns
and failure. Availability is the basic parameteattmeasures the use of machines in the processssibdlity is
calculated as the ratio of time in which the maehivorked in the process to the time which it wasepair,
service, or failure. The average availability foetWO in the analyzed period was 60 %, and for LiK:Ras
70%.
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The next stages of the mining process consist ansporting the output, first with the help of belt

conveyors, and then with the rail transport to #eecalled skip, or mining shaft, in which the outpsi

transported to the surface from where it will gdhe ore processing plant. Between the consecstages in the
transport process, there are so-called pouringtgoiutput weights, and retention tanks. Storagerwirs are
buffers protecting the process of supplying or&@¥éR against disturbances and are equivalents oéhaarses
in typical production processes.

In the operation process, the added value is getkrand a product is created (properly fragmeaotggber

ore) for the external customer, which is an orecpssing plant. The process of loading and haulageutput
was selected in order to present the concept dfaasf the mining process, allowing to ensure skability and
economics of extraction.

Characteristicsand cost analysis of the loading and haulage process
The rigs and haulage process is one of the mogiriiaupt processes in the mining process. Its purjzote

move the ore from the mine face to the grate, wtieere is crushed and discharged onto a belteyamyMain
stages of this process are shown in Fig. 4.

Haulage vehicle operator,

Mining loader operator, Number of haulage Rock breaker operator, Haulage vehicle operator,
Number of mining loaders  vehicles Number of haulage vehicles  Number of haulage vehicles
Haulage vehicle operator, Road condition, Distance Conditit?n of the output Road condition, Distance
Number of haulage between the mine face and (lUMP sizes, water between the mine face and
vehicles the grate accumulation) the grate
| 1. Loading the output 2. Haulage of the 3. Fragmentation of 4. Return of the haulage
£ 7lon the haulage vehicle output to the grate the output vehicle to the mine face _‘

Fig. 4. Main stages of the rigs and haulage process.

Rigs the output onto a haulage vehicle. This opmras performed with the use of a mining loadettia
mine face and consists in rigs a haulage vehiclb @eopper ore. Fig. 5 shows the model of rigs thpat
onto a haulage vehicle saved in BPMN notation.

Operator tK

L b bl tK o tK S tK

ManeuvermgH Access to Loading outputH Entrance to WOH ManeuveringH Unloading
the front onto spade stoppage place the WO
Assessment of
D whether the
ring is already

loaded

Workstation
instructions

Operator WO

K !

Ready for
= O

Workstation Information about

instructions ring loading

Fig. 5. Model of rigs the output onto a haulage vehicle saved in BPMN notation.

Haulage of ore to the grate. The haulage vehafter having been loaded, goes to the dischaoja p
(grate). Haulage roads may have a different intibmaangle, while their condition may vary depengdon

the type of rocks forming the road. If the rocke &airly soft, the road becomes muddy over time rauts

are formed in it. As time goes on, the transportsaoh a road becomes more and more difficult and
therefore longer.

Unrigs the output on the grate. The grate iatleat over the belt conveyor and is a discharget poinere

the transport of the copper ore to the ore enrictindant is started. Its role consists in adequate
fragmentation of the output and retaining all inipes, such as metal anchors, props and other alsme
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that could damage the belt conveyor. There aredoates on the analyzed G-1 branch (Fig. 3). Thihoae
of unloading the WO on the grating, recorded inBRMN notation, is shown in Fig.

,,,,,,, {Operator URB!
i ! ! URB
(Operator URB\‘ iOperator URB | ‘\ /‘
i ; i URB i —--grate—.—
@ Coe : grate :
=) The décision S Comminution
§ to enter the of output ‘
o grate
g
o Grate
cleaning
Workstation Number of
instructions unloaded WOs
””””” \ " TN
. Operator WO/tK | | Operator WO/tK i
i WO/tK 1 i WO/tK :
X L grate it grate ;
E S NP UL
g 5
. : Entrace to Dumping on
% the grate the grate @
2
o Q

Fig. 6. Model of the process of unloading the WO on the grate recorded in the BPMN notation.

4. The haulage vehicle goes back to the mine fabe toaded again after having been unloaded ogrdte.

In order to consider the mining process to be stabkhould deliver the established amount of eoppe
to ore enrichment plants. Since the haulage vehiatea constant and limited capacity (20 t), thewrhof the
ore getting to the processing plants depends onuh@er of haulage rigs unloaded on the grate.sheter the
time of the rigs and haulage process, the moreagauligs can be unloaded on the grate during a shifk The
time of the rigs and haulage process depends ow faators and directly affects the total costshi§ process.

The production cost model is based on the actlvityed costing method for the operation process. The
application of the calculation of costs of opemasipincluding cost factors, that is, such procesaupeters that
unambiguously determine the value of variablesepfsated cost components, enables a significanttied of
costs at the operational stage, which activelyugrices the cost planning in the future. The fitage in
determining production costs is to determine tHeevaf cost components, that is, the costs of tioperations
comprising the cost of the operating process. @nbtisis of information available in financial argt@unting
systems about costs incurred in previous periadeymation on the existence of separate activitieshe
mining system example specified the costs of diopetrations. Having calculated the costs of diaetions and
specific measures of the volume of processing e$eloperations, the rate of costs of individuabastthat is,
the so-called unit cost of operation can be catedlgWiecek and Wgcek, 2018). The activities, their structure
of operating costs of the loading and haulagesgamicand the calculated cost rate are presenteabinl. In this
table, the individual operational cost items wesaled in relation to the actual values due to ttedeggtion of
information, which were given in unit costs (uc).

Tab. 1. Costs of the loading process and output disposal.
Operation Cost structure The unit cost of operation
- operating costs of the loader operator
- amortization of the charger
- consumption of materials (fuel)
- costs of planned maintenance
- indirect costs (including supervision, consumptid auxiliary materials,
insurance costs, costs of failure)
- operating costs of haulage operators
- amortization of haulage rigs
- consumption of materials (fuel)
- costs of planned maintenance 30 [uc/haulage]
- indirect costs (including supervision, mainterenosts, consumption of
auxiliary materials, insurance costs, costs ofifail maintenance and
maintaining the corridor)

Loading 10 [uc/loading]

Output
haulage

During the observation of the charging operatibnyas noticed that its cost depends partly on ¢l rof
the loader. This road can be from 3 to 30 metard, itis a variable cost componeftz(). Regardless of the
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route being traveled, in each case, the loaderatgeperforms maneuvering in the place of the fand
maneuvering in the parking place of the haulageaigl this part of the cost is of a permanent eafkis).On
the basis of measurements of loading time, chahgmibcost depending on the route can be recorded using
the linear function (3).

K, = kyj-x + Ks = 0,012x, + 0,64 (3)

The same applies to the cost of delivering the utuipthe grate, which takes place on the designatads.
The distance ok, haulage can vary and depend on the place of Igaatid the place of the grating, for which
permission to enter was obtained. The cost depgratinthe distance has the character of a variaige (ezj).
The coefficient of this cost reflects the time loé ttransport of the output and the time of retigrire rig from
the grate to the face. A fixed part of this cdét)(is the time of loading the output onto the rig,veell as the
time of entering and pouring the output on theeyr@n the basis of observation and measuremertke dfime
of this operation, the change of its unit cost frina transport path is presented by the function (4

Ky = kyj-x, + Ky = 0,005x; + 0,55. )

The cost of output disposal also depends on thdition of the road, which may have a different angt
inclination and a different condition depending thie rocks forming it. The state of tliepath is a discrete
variable that takes values from the §&,3,4}. It affects the function of the cost of the haeabrough the
parameteky accepting values:

« 1 ford=1-the advantage of an even and dry road,

e 1,4 ford= 2 - the advantage of an even and wet road,

e 1,2 ford = 3 - the advantage of an uneven and dry road,
« 1,6 ford = 4 - the advantage of an uneven and wet road.

When analyzing process stability depending on theer of the loadex;, the route of the rig,, condition

of the roadd and crate numbek different variants were generat®d and a change of input attributes. The

charger has a medium lifting capacity of 4 tonreex] 20 tons for two two-way haulers. The totalt aufs

loading and hauling for a given variant, dependimgvariablest; and x,, taking into account the expected
extractionn, which is a function of; x, set by the artificial neural network, can be deieed according to the

formula (5).

Ky, = %(0,012x1 +0,64) - 10 + Z11—0(0,005x2 +0,55) - kg - 30. (5)
Method of building the neural network
The elements that interfere with the loading andlihg process, apart from mining machinery faily@®
variable ambient conditions. They cause that thesport time of the output and the time of therretaf WO
from the grate to the face is very different. Tbading and unloading time depends mainly on:

1. The condition and length of the transport routerfrthe face to the grating. The condition of thedréma
affected by the type of rocks on the floor, slopgla, and condition of wailing. Heavy road trangmauses
that after some time ruts are formed, and the raydrlreaches up to 80 cm.

2. Time of WO loading by £K. This parameter depends targe extent on the way the loader must go from
the place where the ore is located to the stahgsiiht of the hauler. The rigs are loaded in Feg@r
chambers, that is, places where the corridors dresgeen the pillars. This route can be from 3Ge8

These parameters, as well as the grate number, segeted as independent variables when buildiag th
ANN model, as presented in Fig. 7.

(X4) - Grate No.
—>

(X,) - Length of the haulage road for mining loaders

—_—> ANN Production
—
(X3) - Length of the haulage road for haulage rigs MODEL volume
—_—

(X4) - Condition of the haulage road
—>

Fig. 7. Independent variables and the dependent variable used to build the ANN model.

In order to predict the amount of the excavatedumder the rigs and haulage process in the Glidivigt
the assumed input values, a unidirectional newabork (perceptron) was built. The results of obkatons and
measurements of times in the rigs and haulage gsoeere used as the learning data set. In totdl, 21
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measurements were made for 20 days, in 3 workssHifie measurements were made by shift forementhéth
use of forms prepared especially for this purpdssur values have been introduced to describe thd ro
condition:

1 - mostly even and dry road,

2 - mostly even and wet road,

3 - mostly rough and dry road,

4 - mostly rough and wet road.

The experiment was performed in the SAS Enterpkieer 6.2 environment. The first step was to
investigate the correlation between independenabtas and the dependent variable. The resultsatong the
correlation value are shown in Tab. 2.

Tab. 2. Values of the correlation between variables.

Independent attribute (variable) Correlation value
Grate No. -0.06787
Length of the haulage road for mining loaders 0.01009
Length of the haulage road for haulage rigs -0.32767
Road condition -0.07535

The obtained results indicate that it is pointlassise a linear regression method (absolute valfidise
correlation are below 0.5) for the analyzed probl&mmerefore it is justified to use neural netwowdsich form
non-linear regression models.

As a part of further experiments, a model of a iayler perceptron network was built, for which the
number of neurons in the hidden layer was chanigedrder to confirm the results of the correlatamalysis, a
neural network based on the generalized linear ineds also built. Fig. 8 shows a screenshot of SWS
Enterprise Miner program 6.2 with models builttin i

T Enterprise Miner - Anna_1 [= & =
Plik Edycja Widok Czgnnasci Opeje Okne Pamac

O-aaXEeF0RAMG 0005w @

=] Anna_t =

& ﬂ%;‘;rﬁma danych EEEERHNE

4] Diagramy Prblui | Eksploru | Modyfikus | Modehuj | Dcef | Pemocnicze |
bog o =
£ KGHM 1 E=E
[il-[@] Pakicky odsli
- (A Uzytkomnicy

N=16

avw

ttasciwosd tartost

/ ————————————
Iy - \
Idl. wezla MNeurald E [/ f 7 2%
Importowane dane [ / . W\
E dane g . —
el e o= / R\ Porownanie ‘
mienne G IEC—KRATA = Dodss ) ;@nodell
Iantynuuj uczenie [Mie | AN /
| |giet | & - /
av

Ogolne \
» N=64 ‘ =
Ogdlne whadciwoscl

I : 'E® e —I @um/za

[ Piagram KGHM_1 atwarta [ & robert joko sastrust [%_Polaczono z SASApp - Logical Workspace Server

Fig. 8. The SAS Enterprise Miner 6.2 environment with models of neural networks covered by the analysis and their comparison.

For the neural network models built, a series glegxnents for a different number of independenialdes
was conducted. The purpose of these experimentstovastablish for which combination of independent
variables the neural network will determine theugabf the output in the best way. When building tedels,
different numbers of independent variables weresimred. Their selection was dictated by previous
experiments, that is, it depended on the absokitgevof the correlation (Tab. 3). In experiment Wpall input
attributes are used, while in experiment No. 2atiebute "Length of the haulage road for miningders" (the
lowest absolute value of the correlation) was dided. In experiment No. 3 the attribute "Grate nariifthe
next lowest absolute value of the correlation) wi&tarded in addition. The results are presentetlain. 3,
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where the values obtained represent the netwoedctseh criterion, that is, the mean square errbese results
concern the analysis of the input data set, whiak also used for the network training process.

Tab. 3. Results of the experiments conducted with the use of a neural network

Neural networ k model M ean squared error
Experiment No. 1 Experiment No. 2 Experiment No. 3

MPN — NN=3 1228.59 1643.71 2375.39
MPN — NN=16 1072.43 1369.98 1851.50
MPN — NN=32 427.08 866.69 1033.93
MPN — NN=48 327.15 764.22 1019.25
MPN — NN=64 348.80 772.59 999.05

GLM 2440.74 2450.18 2537.86

Where:

MPN - a multilayer perceptron network,
NN - number of neurons in the hidden layer,
GLM - generalized linear model.

The analysis of the results confirms that lineardeis are not suitable for resolving this problemthe
case of each experiment, the worst results (with ighest mean square error) were obtained foruzahe
network built according to the generalized lineaodel. The best results were obtained for a mukbilay
perceptron network with 48 neurons under experinmt 1. This neural network model was used forhiert
experiments.

Deter mination of the stability of therigsand haulage process with the use of a neural network with

48 neuronsin the hidden layer

The selected neural network model was used to m@terthe stability of the process of ore mininghe
G1 division. For this purpose, test data were meghaand the "score" node of the SAS EnterpriseeMih2
environment was used.

The test data contain various variants of changespiut attributes (independent variables). Fohstata,
the selected neural network model predicts theegabf the output, which are interpreted in the exinbf the
stability of the mining process. Sample test datang with the predicted production volume, aresprged in
Tab. 3, Tab. 3, and Tab. 3. The planned outputmelwas set at 330 t. For the needs of the study, an
assumption was made that the ore production idesththe absolute value of the variation in the@duction
does not exceed 20 tonnes. This corresponds tgautwio haulage rigs per shift. Tab. 4 shows thalypcton
volume predicted by the ANN model depending onléingth of the haulage road.

Tab. 4. Predicted production volume for the grate No. 1, the road for mining loaders 70m and road condition 2 at variable lengths of the
haulage roads.

Network inputs Network outputs
Gate No. Road for mining loaders Road for haulagerigs[m] Road condition [m] Anticipated output [t]
[m]
1 70 900 2 350
1 70 1000 2 335
1 70 1100 2 315
1 70 1200 2 268
1 70 1300 2 240

The data included in Tab. 3 presented in the comiethe process stability, are shown additionail¥ig. 9.

\

350

300

250 -

Production volume [t]

Max. stability

1 Areain which the
JL process remains
stable

Predicted production
volume

Min. stability

200

900

1000 1100

1200

Length of the haulage road [m]

1300

Fig. 9. Predicted production volume for the grate No. 4 at variable lengths of the haulage roads.
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As it results from Table 4 and Fig. 9, the prodessomes out of unstable, if the haulage road snebed to
1200 m. At this length, it is not possible to extecthe assumed production plan. This is an indioator the
decision-maker that the values of input variablesutd be changed, for example, by improving theddion of
the roads.

Tab. s presents the production volume predicted by theNANodel depending on the condition of the
haulage roads.

Tab. 5. Anticipated output for the grate No. 3 at variable road conditions.

Grate No. Rolad g7 Wy RIEE e eI T2t Road condition Anticipated output [t]
oaders[m] [m]
2 50 1200 1 325
2 50 1200 2 299
2 50 1200 3 259
2 50 1200 4 185

The data presented in table 5 are illustratedial$ogure 10 in the context of the stability of fheduction
process.

— 350 Max. stability Area in which the
=, o process remains
(0]
1 . - stable
g 300 I * Min. stability
©° | |
> 250 I I * : :
S [ l [ Predicted production
P | | |
S 200 | | | volume
3 I
o | |
o 150 I I I I
2
o | | | |
| | | |
100 : .
1 2 3 4

Road condition

Fig. 10. Predicted production volume for the grate No. 3 at a variable condition of haulage roads.

As it results from table 5 and figure 10, for time assumed lengths of the haulage road and thendest
traveled by a mining loader when rigs a haulagaclehthe process will remain stable only if thaulagge road
is even and dry. In other cases, it is not posgiblexecute the assumed production plan withoubging the
values of other input parameters.

Table 5 shows the production volume predicted leyANN model, depending on the length of the haulage
road travelled by a mining loader when rigs a hgeileehicle.

Tab. 6. Predicted production volume for the grate No. 4 for a variable length of the haulage road for the backhoe loader used to load

haulagerigs.
Theroad for mining Theroad for haulage
Grate No. loaders rigs Road condition Anticipated output [t]
[m] [m]
1 30 1000 4 300
1 40 1000 4 264
1 50 1000 4 225
1 60 1000 4 194

Fig. 11 illustrates the data from Tab. 6 in theteghof the stability of the rigs and haulage psxéhat is,
the planned production volume of 330 t * 20 t,elebing on the length of the road traveled by a mgndader.

As can be seen from Tab. 6 and Fig. 11, there isassibility that with the given parameters, ip@ssible
to implement the production plan. In this caseyauld be necessary to check whether the implemnientaft the
plan will be possible if the weaning will take ptaon a different grate or the condition of the hagel will be
improved.

10
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Fig. 11. Predicted production volume for the grate No. 1 at the variable length of the haulage road for the mining loader.
Optimization model of the loading and haulage process

Managers wanting to influence the total costs & piocess should check, using the appropriate,tools
previous process input parameters, and their impigation, and become familiar with the reasons for
exceeding the assumed cost level and should préaéctconsequences of decisions and their impact on
improving operational efficiency from a cost perspe. By analyzing the impact of alternative dewis at the
production process control stage, one can estithatdevel of total costs before decisions are taked the
resources needed to implement them are used. Broptisnization often leads to problems where thsra
need to solve the issues of process quality assegdmased on more than one objective function. Héeto
method can be used to solve the above issues @kmik Oginski, 2014). Let us denote the consideetabf
variants of the studied processViswhere:

W = {W,, .. Wg}. (6)

A given variant has a specific set of value of ageterating factors,, x,,d, k, set by an artificial neural
network, that is, such process parameters that bigaously determine the value of variables regaydin
separated cost components and the way they arardie¢el. The solutions received at this stage diffiethe
length of the loader's route, the frequency ofltiaeler's haulage, the length of the haulage's thadrequency
of the haulage rig, the condition of the road, #vailability of the grate, sometimes the haulagakifig into
account the above differences, it is necessarglacisthe variants according to the basic criterest, obtained
output and, indirectly, the processing time.

The optimization criteria for the selection of paeters are:

e mining in tonnes, which is a function of variablex,, x,, d, k set by an artificial neural network, where
d € {1,2,3,4} is a variable depending on the condition of theed; andc is the number of the grate,

» the total cost of loading and haulage, which igrecfion of variables,, x, andd. Crate numbek is related
to the variablex,. The analysis of the generated variants aimed atpadngy them with respect to the
optimization criteria and determining the area o$gible solutions is presented in Fig. 12. Limitas on
optimization are:

e extraction, for which the process is staflg,;,,, smqex) the size of the planned production ranges frott31
to 350 tons,

+ eligible cost kg4, — the value of this cost of 5,600 uc results fitm adopted budget, in which the average
cost from previous periods was reduced by 7 %.
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Fig. 12. Optimization of the loading process and spacing in the Pareto sense.

By introducing an additional restriction relatedtte permissible cost, for whidty, < K,,, the number of
acceptable variants obtained in the previous stap meduced in determining process stability. If vheiant
W(x1,x2,d,k) it is located in a set of possible solutions, pnecess will remain stable while maintaining the
appropriate level of costs.

The generated variants can also be analyzed irstefitihe economic efficiency of the loading andlage
process in order to compare them with each othérchnose the final solution from Pareto solutidos,which
profitability is the highest.

Economic efficiency of loading and haulage process

The measure of the economic result in the createdefris the profitability calculated as the diffiece of
revenues obtained at this stage of the processhanalctual costs of loading and haulage. The stapoint was
determining the size of resources possible to efiar the adopted variant, from a set of poss#uhkitions.
Contractual income was determined as the produttteohumber of products/output to be obtained iatstage
and the contractual unit internal price in the antoaf 4uc. The use of internal prices allows esshiohg the
responsibility for the size of the generated prfuit separate units. If there is no internal prite contractual
revenue can be determined on the basis of the afiteicost. In this situation, the unit is only r@sgible for the
level and cost control. The actual loading and ingutosts are in turn determined as the produth@fjuantity
of extracted ore and the actual unit operationastsco

Finally, the function determining the profitabiligf extraction depending on the size of the outpanhd
ways of loading accordingly and haulage; is given in the model (7). It is important to remiger thatn is a
function of variables,, x,, d, k, set by an artificial neural network.

D(x;,xm) = 4 -1 — (2(0,012x; +0,64) - 10 + = (0,005x; + 0,55) - kg - 30), @)

20
wherekd is a coefficient depending on the variable valu¢hat is, the condition of the route.

Finding optimal ways of loading and hauling boitsath to determining the vectdx,, x,) from the area of
possible solutions, maximizing the functi@n in this area. Knowing the parameters of the aréfi neural
network, that is, the weight between individual s of the network and the form of the neuronvation
function, this problem can be solved using the ated gradient method. For this purpose, howewers i
necessary to set the values of discrete variablasdk in advance(k,), to ensure the differentiability of the
functionD.

In the gradient method, the first data vector isdamly determinec{xl(l),xéz)) from the area of possible
solutions and the function gradient is calculaBeih point (x4, x,) according to model (8) — in the record, as
variables of the function, the variablkésndk are omitted, whose value is fixed.

12
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VD (xy, x,) = [(1,575 —0,03%, — 0,0075x,) -%(xl,xz) — 0,03 - n(xy,x,), (1,575 — 0,03%, —
1
0,0075x;) - 2= (3, x;) — 0,0075 - n(xl,xz)] 8)
2

where:
o _ o

= 1_9f
dx; dnet

(21, %2) Xj=q W]'ijiﬁetj(xlfxz)’ i=12,
net; = X7 wjix;, j = 1,..,n—inputj- this neuron of the hidden layer,
net = Y7L, w/f(net;) — the input of the output neuron,

f(t) — neuron activation function,

wjli — connection weight this neuron in the hidden layeriethis network input,

wj2 — connection weight - this neuron in the hiddeyet with the output neuron.

Having set a gradiemD in point (x”, x{) a new point is definefx*, x{*) according to model (9).

(e, 62) = (2, 1) + 77D (2, x50, ©

wheren is a predetermined positive constant, as smalbasible.
For point (xl(z),xéz)) , the functionD gradient is again determined, and the next pantiétermined

analogously. The algorithm is repeated until thedgntVD (xl(”),xén)) is close to zero (absolutely smaller than

the given positive constanf) or when the number of algorithm steps exceedss#tethresholdN or the
designated point does not belong to the area dfilplessolutions (in this case, the last point bging to the
area of possible solutions is considered the optioiat).

The discovered point(xf‘),xgn)) approximates the vector maximizing the functiontedmining

profitability.
Conclusion

When managing the production process, attentionldHoe paid to maintaining an adequate level ofsos
and time of production orders. However, modern rpniges are very complex and are characterizedidy h
dynamics of manufacturing processes. In such ciomdit making decisions becomes difficult and ineshhigh
risk. The solution to this problem may be the cargtton of models of manufacturing processes basedhich
decisions will be made. On the one hand, the maalidsy to limit the level of complexity and intetémn with
other elements of the real system, on the othed,hidwey contain all the important elements andufest from
the point of view of the research objective. Modefsartificial neural networks can be used to conthe
production system, and so to ensure its stabilitye ease and speed of their construction make thewery
useful tool. The only problem remains a large amaifrdata needed in the network learning processchy
however, in the era of the universality of inforinat systems, parameterization and standardization o
production processes cease to be a problem.

Incorrect decisions made due to the lack of apjatgptools for comprehensive process control leduidh
costs, and failure to comply with the productioarplwill result in a loss for the entire undertakinga given
period. The use of the method of determining thetscof the copper ore exploitation process predeint¢he
article allows identification of the costs of adfiies and related cost factors, and at the same &nsures the
reliability of services and managers in controllitige loading and haulage process. Thanks to thpopeal
solutions, it is possible to inform decision-makéys existing work conditions about the ability implement
a given mining plan, the cost of this process drel gossibility of reducing them by paying attentionthe
parameters of options from the possible solutiotts@arameters of the optimal variant for the gigatput. The
use of the above solutions enables a significadtiaion of costs at the stage of controlling theragion
process which has an impact on the total costseandomic efficiency of the enterprise and activafjuences
the cost planning in the future when making impatrtéecisions for this process.

The proposed methods require the implementatidheobperation cost calculation, the registratiompfit
parameters, internal price setting for units, amdtlie charging process and discontinuation ofotigput from
the proposed artificial neural network, determimatiof the cost limit and application of the propbse
optimization model in the Pareto sense. The prapsstutions have been adapted to mining systemstipg
under the conditions of a given enterprise.
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Design of the construction and research of vibraties and heat transfer
of mine workings

Elena Pivagiovéd', Kseniia Domning andZuzana Sagové

The creation of safe conditions for the operatidruederground facilities is one of the main taskemsuring the stability of mine
workings.Today, in conditions of great depths and externyalagnic loads, it is necessary to ensure not orgystrength of the linings but
also their resistance to seismic, vibration, andrthal effectsThe solution of this problem is the usage of maiter combined linings,
which expand the possibility of using various miaterfor fastening openings in difficult mining agdological conditions.

This paper presents a study to determine the uségencrete for standing support of walls and roofa mine. It deals with the
research of vibrations and heat transfer of minekiv@s. The construction of a three-layer vibrati@sistant rigid-pliable lining for mine
workings has been developed. Its pliable outerrlagemade of foam concrete reinforced by PET filike inner layer is the sprayed
concrete layer with PET-fiber reinforcing, and timéddle layer is a closed concrete ring of the rififing.

In the article, the mathematical model of impactwevaleformation of the lining ring from external smic and impulse loads is
formalized. The course of temperature fields alibeeheated sample is also studied.

Key words:vibration, heat transfer, mine workings, concrigtég.

Introduction

In the mining operations within mines are used daggantities of concrete products, primarily infroo
supports. Other uses are for walls, floors, ra# tiand also for small temporary buildings, presl blocking
for machinery (Budaj et al.,, 2018). Concrete isduse support mine roofsConcrete props are loaded
perpendicularly to the roof and floor for maximutnesgth. Props are used in faces, mine entries,atomty
haulage corridors (Stone et al., 1985)anding supports in the form of posts and woolschave been used
since the earliest days of underground mining amdained the most common form of support in coalesin
until new support products were developed in thtyel®90s (Barczak, 2005). Roof support is essktdidhe
safety of every underground miner. It has threenary functions: first, to prevent major collapségh® mine
roof; second, to protect miners from small rocksfélhat can occur from the immediate roof skin; &mdd, to
control deformations, so that mine openings rensarviceable for both access and escape, as wdtiras
ventilation of the mine workings.

Application of concrete is necessary to resisteiadtof vertical load stress, maximum horizontassy and
the minimum horizontal stress undergroumte roof load is the vertical force that appliesdof support most
directly. Longwall mining concrete and pillar recovery camaoentrate large vertical loads on gate entries and
pillar lines. Appropriate wood and concrete pillsizing are essential for limiting the roof stressesd
deformations to levels that can be handled by sugdport.The correct column can greatly reduce the loads
applied to the roof. Vertical supports column, ldencrete, wood, or longwall shields, develop load®sponse
to the convergence between the roof and floor (Meutk Barczak, 2000).

There are localities where wood is not only unusudlwhere the wooden types available are notlseita
for even light ground supporConcrete sets deserve consideration for theseitiesalWood props are
sometimes used where the roof above the seam toosiselatively massive rocks that do not cavealgam
most circumstances, wood props are not suitabledal faces where the system of work is such tiet tvould
have to be advanced during each cycle (Wing, 2002).

The usage of concrete sets is appropriate for igbtind support when suitable wood is difficultget.
Because this substitution of concrete for wood imayrincipally an economic problem, the relativetsanust
be carefully comparedConcrete supports column for mines serve a purpaseh different from those for
ordinary concrete structure€oncrete is used as a substitute for wood wheratiter is difficult to obtain in
quantity or when mine conditions are conduciveapid deterioration of woodReinforced concrete is unlikely
to fail instantly (Michaud, 2017). Foam concretedids and lightweight aggregate blocks also candesl wo
build roadside pack§Vithout reinforcement, packs built of these malteréae liable to collapse under relatively
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small loads.The number of concrete supports column under eachsbould be sufficient to maintain the
required support density over the width of the faoeking (Wing, 2002)Before 1980, timber was the dominant
support material with wood cribs and timber posteduexclusively for tailgate and breeder suppoohdtete,
with the compressive strength and material modatlusrder of magnitude higher than wood, hagnovide
superior roof support as was thought at the tiner¢Bak, 2005).

This paper presents a study to determine the uslagencrete for standing support of walls and rimo&
mine. It deals with the research of vibrations hadt transfer of mine workings.

Analysis of the problems

As a rule, the problem of ensuring the strengttalbtypes of linings is solved. However, at pres¢ne
volume of mine workings carried out in complex gaptal conditions (high seismicity, neotectonic pbeena,
etc.) is continuously increasing. In this caseadditional requirement for resistance to seismid wibration
effects should be presented to the linings, whéahot reflected in any regulatory document.

During operation, linings are exposed to natur&isfaic activity) and man-made (caused by human
activity: blasting and construction work, traffigibrations. Vibration can cause damage to the dginnreducing
its operational reliability: decrease stabilitygdede the carrying capacity.

Natural and man-made vibrations, perceived by thesttuctions of the linings, differ in their nature
Vibration from natural sources is concentratedha tower frequencies, characterized by high powethe
source and extends over long distances.

Vibration can cause significant damage, so in @aufeconstant or expected action of vibration sesiyc
special requirements should be placed on the lisingture:

« the lining material must be resistant to dynamauksgy

e structural lining elements must be interchangeable;

« fastening elements of the lining should not onlgwer the rigidity of the connection but also dampen
vibration.

At great depths, traditional single-layer suppémetal, concrete, ferroconcrete) are ineffectivegause the
main material of the structure of the lining forars almost rigid structure, and with intensive disgiments of
the contour rocks, the production is destroyed.ddrtde conditions of dynamic action, fiber-reinfedcconcrete
structures are the most effective.

Materials and methods

Overview of existing types of the lining of horizotal mine workings and requirements for them

In recent years, the approach to safety at undengrdacilities has changed significantly. Mines are
becoming deeper and deeper, which poses a serf@llerge for the industry to control mine workingfs
elevated temperatures, strains, and pressuresolve these problems, it is necessary to introdumteonly a
more advanced technique but also advanced techaslfmy mine working and consolidation of rocks.

The main means of ensuring the sustainability afenivorkings throughout the entire service lifehis t
erection of lining.

The lining of mine workings performs a number ofpontant functions to protect the underground
structures from rock falls, to ensure the designeatisions of workings, the perception of external eternal
loads, to prevent the destruction of rock mass fnweathering. There are many lining structures trat
successfully used in large depths. In the modeassdication of the lining of mine workings, the ima
classification feature determining the type of rigiis its purpose, that is, for which group of uggeund
workings lining is intended (BaklaSov and Kartozif®84). On this basis, the lining can be dividetb ithe
lining of capital (overburden), preparatory, arehatment workings.

In accordance with the current classification, calirently existing lining of capital and prepargtanine
workings are divided into three classes accordinth¢ main structural and technological featuresme, solid
and anchor (Aksenov et al., 2012). In turn, théntis of the first two classes depending on theirt@or are
divided into two subclasses: with an open and dasmntour. Besides, the solid lining can be mohualiand
prefabricated. The class of anchor linings is disaed into two subclasses: with the fasteningméhors in the
bottom part of the well (with distance lock devicasd with the fastening of anchors along the eréngth of
the well or a significant part of it.

Each of the subclasses of the frame and soliddéie divided depending on the conditions and eatdr
the interaction of the lining with an array of rec&nd constructive solutions into groups: rigidalple, hinged,
hinged-and-pliable. In addition, each of these Rgdses, as well as classes of anchor linings, diépgmon the
material used for their manufacture are metal, wanthcrete, reinforced concrete, polymeric and chixéhe
subgroup of lining determines the material of tr@m{bearing) structure or element of the lining.
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By the nature of the work, linings are enclosintgulating, and bearing. Fencing linings are desigoe
protect people and equipment from accidental Idoatping of pieces of rock. Insulating linings aesigined to
protect the outcrops of rocks in the workings framathering, waterlogging, leaching and crackingaridwy
linings have the main purpose to perceive the foam the mountain pressure.

According to the deformation characteristics lirirgan be rigid (offset up to 50 mm), little plialflep to
100 mm), pliable (up to 300 mm) and very pliable(enthan 300 mm).

By the structure, linings can be single-layered emudti-layered.

According to the methods of erection, linings ardimary and special (hammered, crushed, submerged,
lowered, pre-compressed, etc.).

By the ability to move linings can be stationary anobile.

In accordance with the main regulatory documertts, mining lining must meet a set of technical,
economic, and functional requirements:

« to withstand the pressure of rocks without breakind to ensure the working condition of the prouunct
throughout the entire service life;

e to be technological (simple to manufacture), tramgble, easy to use during construction in theemin
available in service during operation;

e not to interfere with the implementation of prodantprocesses in the development;

e  to be resistant to corrosion and decay;

e to ensure minimum material and labor costs forcthastruction and operation of the lining.

Influence of vibration on the lining

Vibration is a mechanical oscillation: a combinatif impact and alternating load. Tension or corsgicn
deformations occur when oscillations propagate solad. Wave motion is an oscillatory process inichhthe
oscillation energy is transmitted in the directioihwave propagation. The cause of the oscillatoycess is
constant or single external influences. As a rglegle external oscillations are harmonious andyote
sinusoidal law. Oscillations are constant with astant impact of forces; oscillations turn into gémg when
the action of forces ceases.

If the solid in which the oscillation process tak#ace is based on an elastic base, then the idbsaare
reflected from this base, and the waves go in dppabsrections. The phenomenon of resonance, thathe
summation of the vibrational wave energies may nd@esonance can also occur under the action afiable
in time, but constant in duration load. The impaican impulse can create waves that go parallebtth other
and overlap, increasing the amplitude of the cacitly process. Resonance is undesirable for thetremtion, as
it leads to the destruction of the constructiomioy strength (Gao et al., 2018).

Direct and reverse impulses (compression and tensib the oscillatory process alternate each other.
Alternating loads appear in the solid, which letaishe phenomenon of material fatigue and destoatif its
structure. Fatigue always occurs, but the timeteddy state may be different. It depends on thength of the
impulse of the oscillating wave impact and thergith characteristics of the construction. Thesenelds are
determined only by experience (Lu and Zhao, 2013).

To ensure the strength of the concrete lining, stresses arising in the construction must meet the
following condition:

o="ng[q], (1)

whereRy, is the impact forced, is the area of the impact: for the lining of acalar cross-sectioy =ndg,

whered is the diameter of the lining, is the wavelength of the impacis][is the permissible tensile or
compressive stress for the concrete lining.

The impact force can be determined in two ways.
1. Based on the theory of oscillations of mechanigatesns, harmonic oscillations are described by the
equation (Birger, 1968):
x= Asir(at + ), )
whereA is the oscillation amplitudew:z_l_—n is the circular oscillation frequency, wheFes the oscillation

period;t is the current timeyp is the initial phase.

With harmonic oscillations the speed and accelenadiso change according to the harmonic law:
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v =Accodat +¢); ®3)
a=-Aa’sin(at + @) = -wPx. (4)

According to Newton's second law:
F = ma=-mAa’ sin(at + #) = -ma’x. (5)

2. Evaluation of the concrete quality can be carried loy the impact wave method, which is based on
measuring the velocity of propagation of longitwadinvaves in it, caused by mechanical impact. In its
physical essence, the impact wave method is baseiaog of the dependencB,— vi,,", whereR, is the
indicator of the concrete compressive strengthis the speed of the impact wave.

According to the condition, the impact force mustduch as to ensure the creation of a sound imjnulse
the construction, but not even cause a local varabf the concrete structure. The generated sdunpdise
propagates at a certain speed in concrete. Tondigieithe speed on the surface of the investigatedtauction,
it is necessary to install two sound receivers seatjally at a given distance. The sound impulseixed by the
first receiver is converted into an electrical signvhich turns on the microsecond meter after droation.

When it reaches the second sound receiver, thedseane, in the same way, turns off the microsecond
meter, which will record the distance between the $ound receivers by the sound pulse.

The speed of the sound wave of a mechanical imipaeticulated by the formula:

I
Up =—10, (6)
im
wherel is the distance between the sound receitgris the time of propagation of the impact wave.
The strength is determined on the basis of thertbpee R, — V.
The value oR, for concrete can be calculated by the followingrfolas:

for R <30MPe

R = W (7)
for R >30MPe
_ R,
- 8,8w,- 7,87,

act

R (8)

whereq is the coefficient calculated &= whereR,*" is the actual compressive strength of conciRge;

4 L
im
is the strength of concrete at the constructiog, sithere the maximum velocity of the impact wayg, was
found not less than at five siteg;is the initial velocity of the impact wave.

The proposed vibration-resistant structure of the ining
A promising construction that extends the use afioud materials for securing workings in difficult
conditions is a multi-layer combined lining.
For effective sound absorption and vibration igolgtthe following lining construction is proposéelg. 1).

Fig. 1. The proposed construction of a fiber-reiced lining: 1 is the
layer of reinforced foam concrete; 2 is the layEprecast fiber
concrete; 3 is the sprayed concrete layer.
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The lining has a circular cross-section, whichtie best option both in terms of structural paramete
providing durability and reliability, and in easkrmanufacture.

The design of the lining is three-layered, consgtf three shells with a layer of moving matebatween
them. The middle layer (2) is load-carrying and haggid structure. The outer (1) and inner (3)el@yare
pliable and vibration-proof, providing sufficienegistance to the displacement of the output cirguithe
formation of fracture zones. The material for tbad-carrying layer (2) is selected depending onggadogical
conditions and is calculated by the formulas (3)-{&e materials used to create a pliable layertrmest the
requirements of sufficient strength and the abilityesist loading, sufficient cheapness, the tghidi work for a
given service life of production, as well as tedbgecal applications in real conditions. In the poged lining
construction as the material of the outer layer {tl)s recommended to use non-autoclaved foam retac
reinforced by polyethylene terephthalate fibers THiber) (Domnina and Pivarciova, 2019; Qaizadaakt
2016). This layer is intended for damping naturad Auman-made vibrations, and one of the conditfonds
creation is that both the material of the layer #imel reinforcement must dampen vibrations. Foancrete
absorbs sound and vibration well without reflectaure to the cellular structure. PET fiber is a kigength
polymer material (Sviatskii et al., 2018). The pufrs simultaneously possess the properties ofllmptials and
solid elastic and plastic bodies. Plastic deforaraiabsorb impact load by changing their own shape,they
do not return to their original shape and sizestRlamaterials during operation accumulate changeshape
before losing steady state as supporting structares they must be calculated for a certain nurobstrokes,
after which they are not workable. It is necesdaryake into account, plastic deformation due tgdaforces
often turns into deformation of fluidity, in whicthe action of the impact force is not felt, theseonly the
movement of the compressed layer. However, wheagtieldarriers are reached, the impact may remain
noticeable, so it is more advantageous to useipldsformations rather than fluidity deformatiorastic
deformations absorb impact without return.

The middle layer of the lining (2) is proposed t® tmade of heavy concrete. The lining construct®n i
assumed to be in block design.

The usage of the sprayed concrete as the innar ddyi@ing (3) allows simplifying the process dataching
a pliable layer on the walls of the middle layegngiicantly. As a pliable element, sprayed concretlh PET
fiber inclusions can be considered. The signifiadifference of such an element is that the beagieghent in
the composite is the matrix, and the pliable elam@rhe inclusion of fibers. After the stresseshe matrix
reach their limit values, the matrix is destroyadd the pliable elements, in this case, they aré fiters,
provide the movement of the contour of productiarttee technologically acceptable value.

As a moving material between the layers, it is psggl to use graphite deposition with a thickneagpao
5 microns. The purpose of graphite is to reduaidm between concrete layers.

Impact-wave model of ring deformation from externalseismic and impulse loads

In our case, the most realistic model of impactodehtions is presented in Fig. 2. It is convenient
consider a separate layer of lining as a rod atbadine of action of the impact forés: L = d,, whered, is the
diameter of lining ring. Since the speed of passHgn impact wave is close to the speed of soand,the rate
of deformation of the layer of lining as a ringté® slow, it can be neglected. During this times ifmpulse will
have time to deform the entire material of the tayad the shape of the ring will not change. # tmpulses
come with great frequency, the ring can break fthenfatigue of the material, and not from changessi shape.

N

Fig. 2. Impact scheme: L is the length of the o the speed of the impact force,
m is the mass of the soil.
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Between the impact force and the rod, there islament with a certain complianee In our case, this
element is the outer layer of the lining (1) madéler foam concrete). Since plastic deformatiaeg layer by
layer, the next stage of the continuation of thpaot deformation repeats the first one with they aifference
that the length of the rod becomes less by the atmfiplastic deformation of the previous layer The impact
speed remains constant. The work of the impacef@aot only on the course of deformation but aleadhe
heating of the deformable layer of material (Visieat al., 2012).

So the mathematical model of impact -wave deforomatf the lining ring from external seismic and
impulse loads can be represented by (Repko, 2005):

N
P, =& BinkcT;k, = t o= 1.

e EF GO (2EFS) 2EFS

gl
5 :WT"W(L"W)QZ+ r, L -W) i, v(L-W)] .
T VAT, -WI w VIAT,-WI | ©)
cT 41-v?)p >
Eemfew =20 (R =0)=0;
L e nbE 2'(z )=0
Um:Lj:Tn=[Tn:Tmin=O,OJ[rn];z=vEr;

Z,— (l+ vh ]zO—PZ_V P22

2abE)"° DbE 2ab’[E’ J
86 <[e]
B

whereP, is the impact force;

v is the speed of the impact force;

o is the coefficient of compliance of the outer fill@am concrete layer;

¢ is the speed of the impact wavefront;

T is the compression time per a single stroke;

E is the modulus of elasticity of concrete;

F is the cross-sectional area of the rod;

¢ is the mass equivalent to the part of the maskeed in a strip of positive or negative impact eaf the
oscillatory process of the saoill;

L is the rod length;

P_, is the impact resistance force;

| is the width of the load bearing support;

W is the volume of the compressible lining layer;

T, is the ultimate shear stress occurring in a linaygr;

ATy is the duration of one impulse;

zis the impact half-wave lengttz :% ;

cT is the length of the passage of the impact wave;

a, bare parts of the impact area;

U,, is the impact energy;

m is the mass of the soil located in the strip dfifpee or negative impact wave and transmittingailon to
the structure of the lining;

[z.] is permissible ultimate tangential stress;

Tmin IS MiNimum tangential stress;

A@ is the temperature difference before and aftelactip

7y is the value at which the maximum tangential stesg;.x occur at the impact forde,, leading to plastic
shear;

f is the coefficient of volumetric thermal expansadrconcrete;

[4] is the permissible temperature in the impact zone

Using the task (9) the stresses arising from vibinatand the heating temperature of concrete firags the
action of impact waves are determined. It is neargseot only for the modeling of strength and digbbf
constructions to vibration but also to establish slafety of explosive proportions of combustibleggain the
mine.
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Fatigue issues require a separate approach. écisssary to conduct a number of experiments tordate
the fatigue of concrete, and the results of theedrments should be compared with the conditionthefpassage
of impact waves in specific mines.

Visualization and analysis of concrete temperaturéelds

Monitoring of the stress resulting from the heatiemgperature of the concrete rings from the impéthe
impact waves is necessary to determine the safegéxmlosive proportions of combustible gases in itiae
(Xiaobing and Xueping, 2011).

Therefore, part of the research was devoted tovihgalization and analysis of temperature fieldgerov
heated samples of concrete reinforced with polyetiey terephthalate (PET) fibers, which are obtaibgd
recycling polyethylene terephthalate waste.

Holographic interferometry was used to visualize temperature fields. This method has been able to
detect temperature fields without touching and tnitor and record in real time the on-going procesthe
boundary layer at the concrete interface — the emitenvironment. By a quantitative analysis ofithages of
holographic interferograms, the temperatures of idmhermal curves above the heated samples were
determined.

The goal was to gain new knowledge about the theprnaperties of concreteThe samples of size
40x40x15 mm were used to measure heat trandfeinfrared emitter with a power of 225 W was useda
source of heating.

In Fig. 3, we can see the course of temperatulgsfigbove the heated samplée can observe a uniform
increase in the thickness of the thermal boundayerl Interference strips represent isothermalntaéfield
curves. By a quantitative analysis of holographterferograms, the temperatures of the isotheronales were
determined.For more information about the method used and rtHationships used, see the literature
(Pivarciova and Cernecky, 201dernecky et al., 2014).

start the experiment 8 minutes of heating 12 minutes of heating
14 minutes of heating 22 minutes of heating 31 minutes of heating

Fig. 3. Holographic Interferograms of concrete fmarature fields.

In Fig. 4, there is a graph showing the temperatab®ve sample calculated from holographic
interferograms.
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The temperature above sample
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300 320 340 360 380 400
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—®— 31 min 22 min 12 min 8 min

Fig. 4. Temperature above sample.

Heat transfer is a combined case of heat sharihgele® two fluid-separated walls. From warmer fltod
solid wall, heat passes through convention, conduoctand radiation; solid wall transmits heat thgbu
conduction and from the wall to the cooler fluichagby convection, conduction, and radiation.

Along the solid wall in the direction of the liquglream, a thin layer of fluid is formed, callee tinermal
boundary layerlt is formed by the adhesion of the fluid moleculeshe surface of the solid bodyharing of
heat in this layer is only convection as if thedlwas still. The large temperature gradient inltbandary layer
results from the low thermal conductivity of thaidls.

In the transport process, it is also difficult todf that their mathematical analysis is only pdssikith a
number of simplifications, but it also gives rigesystems of differential equations which in maages cannot
be solvedDue to the complexity of the theoretical solutiont@nsmission phenomena by mathematical and
modeling methods, which always presuppose certaipldications, optical methods can be used to sdhese
problems.

One possible application of holographic interfertmnés to visualize the temperature distributidrhe
interference method allows not only to evaluate tiserved phenomena quantitatively, but also geves
comprehensive picture of the size and shape ofettmperature fields at a given time, and the medsuatues
are not influenced by the sensAnother advantage of this method in real-time &pbssibility of recording the
entire time course of heating. This method allowanitoring the temperature field as a whole, not josal
variations, as measured by thermocouples.

The demonstration of the temperature field in thginborhood of the heated oven in the case of alatur
convection of air is shown in Fig. | the interferogram image, the temperature boyntiyer is visible, in
which the air flows upwards. Behind the boundaryetais the surrounding environment with constamt ai
temperature. The thermal boundary layer gradualbives around the circumference of the oven andralg
towards the topThis expansion of the boundary layer causes a tieuin the temperature gradient as well as a
reduction in the heat transfer parameters.

An experimental and numerical investigation of fimfluence of insulation defects on the thermal
performance of walls is deal work (Nardi et al.19]
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Fig. 5. Demonstration of the holographic interfgram of the temperature field in the surroundin§the heated oven in the case of
natural convection of air.

Results and Discussion

In our research, we proposed a new constructica tbfee-layer vibration-resistant rigid-pliableitig for
mine workings. Multi-layer concrete constructione good because they simultaneously have high ggtren
wear-resistant, sound insulation, and low thermsiilation properties.

Depending on the purpose and conditions of operatiwulti-layer concrete constructions can be used a
road surfaces in Siberia and the Far North anielir€oatings. Rational distribution of materiaisdiepth should
be established on the basis of the laws goverhiaddrmation of a stress-strain state of the stinect

They can also be a solution to the problem of sdoadlation of compressor stations and busy higlsvay
(usage as enclosing panels). In recent years sosathtion instructions and standards have beemtepd The
main factor in the updated instructions affectingdern construction is the tightening of the requieats for
isolation from impact noise. Problems of reduceésst in mining are also devoted to work (Baranoalgt
2017).

Thanks to the developed mathematical model (9)cavealso predict impact-wave and heat deformations
of the lining ring from external seismic and immuleads. In the future, it is necessary to buikl tethodology
for refining the mathematical model based on theutated experiment.

The course of temperature fields above the heaetple is also studied. As we can see in Fig. 3, the
thickness of the thermal boundary layer increasgf®oumly. The results of the interferometric visizaktion of
the temperature fields are represented by the imafmterferograms. Based on holographic integeams, the
temperature above the samples was calculated @jigln the future, we can conduct a qualitative and
guantitative analysis of interferograms, which vaillow us to determine the local heat transfer facefts a
necessary for subsequent calculation of the hewtuwdivity coefficientl.

Conclusions

The creation of safe conditions for the operatidrunderground facilities is one of the main tasks o
ensuring the stability of mine workings.

Today, in conditions of great depths and externalathic loads, it is necessary to ensure not orgy th
strength of the linings but also their resistarmadismic and vibration effects. The solution a$ throblem is
the usage of multi-layer combined linings, whiclpamxd the possibility of using various materials festening
openings in difficult mining and geological condits.

At this stage of research, the construction ofragHayer vibration-resistant rigid-pliable linifigr mine
workings has been developed. It is distinguishethlkyfact that the pliable outer layer is madeoaifi concrete
reinforced by PET fiber, and the inner layer is speayed concrete layer with PET-fiber reinforcimge middle
layer is a closed concrete ring of rigid liningsaring the stability of the mine workings duringe service
life.

Further researches are aimed at exploring the potsjef creating mixed multi-layer types of linings
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Stakeholder engagement in corporate social respoidity reporting.
The case of mining companies

Patrycja Hgbek', Witold Biatyand Galina Livenskaya

Despite the increase of corporate social respoligib(CSR) reporting worldwide, the practices stiick accountability and
credibility. In the paper, the authors highlightetliissue of undervalued stakeholder involvemertiénprocess of improving the quality of
CSR reporting. Thus, this paper aims to answeqthestion of how stakeholders engage in the prooE€SR reporting within the mining
industry, and if the mining companies use the s$takier's feedback to improve this process? The dathe study was analyzed using
content analysis of corporate social responsibiligports of coal mining enterprises. The reportseveollected from the sustainability
report database of the Global Reporting Initiatf{@&RI). The results indicate that stakeholder comigation in the studied reports is more
focused on providing than obtaining informationnfretakeholders. All of the studied companies dedaat they engage in dialogue with
stakeholders but with different groups. Feedbaclcharisms are not very well developed and need ratiention from reporting
companies.

Keywords:corporate social responsibility, stakeholders, G8port, communication, mining industry

Introduction

Corporate social responsibility (CSR) reportingbecoming more and more popular practice howadays
(Petera, 2015; Habek, Wolniak, 2016; Ryszko, 2@3) among mining companies (Jonek-Kowalska, 2016b)
It is, among other things, the result of increasegpectations about the transparency of the orgtaoizs
activities. CSR reporting can be defined as thectma of providing information to external and imtel
stakeholders on the economic, environmental, anilis@sults achieved by an organization in a gjwepéeriod
of time. Companies have been paying growing attentd the importance of showing their CSR commitmen
through clear and verifiable data and informatisimilar to more traditional financial documents (hbani,
2013; Kotodziej, Maruszewska, 2015;3lbek, Brodny, 2017). In order to fulfill the growingformation
requirements of the users, organizations tend porteon the broader economic, social and envirotnahen
performance in the form of the annual report (vétBection dedicated to CSR issues), separate GRR @
integrated report. A CSR report is one of many ®raf communication with both external and internal
stakeholders. To fulffill its role, the report shdimclude information which is expected by the iatted parties.

If stakeholders are involved in the reporting pss;ahe report is likely to include suitable indara, the data
disclosed is authenticated and presented in a waghws understandable for the recipients of thgore The
recipients of reports feel satisfied if they fiftetrequired information in them. Therefore, we easume that
taking into consideration the expectations of dtakaders in the reporting process influences thdityuaf the
reports developed. In an international study cdradat due to the development of the guidelineshef Global
Reporting Initiative, stakeholder engagement is tnerd as one of the main motivations making corgsan
reporting: 67 % of respondents indicated confiddmgiéding among key stakeholders, 62 % indicatee th
involvement of investors, employees, and otheredtalders, and 23 % communicate risks, opportunites
performance to investors (GRI, 2012). Stakeholdafodue is a basis for the implementation of theRCS
concept in practice. A socially responsible orgation identifies the requirements and expectatiohsts
stakeholders and considers them when making busidesisions. A company desiring to learn from its
stakeholders would ask for feedback or carry odiadog with stakeholders to understand their exgtemnts
(Grunig, Hunt 1984; Morsing, Schultz, 2006; Bowen a., 2010). Companies should collaborate with
stakeholders to understand their views and conaarngarious environmental, social, corporate goarce and
economic issues and to incorporate and address thews and concerns in their business decisionbdk]
Molenda, 2017; Kozlova et al., 2016). CSR repartturn, should inform stakeholders how a company ha
addressed those stakeholders’ interests and exipasta its activities.

Because there is a strong interdependence betwm@mgnacompanies and well-being of local communities
where they operate and because mining activities affect other actors and vice versa, it is ingoarto build
positive relationships with their stakeholders @imea, 2014; Midor, Zasadzie 2015; Jonek-Kowalska,
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2016a). Therefore, the responsible management mmfning enterprise requires stakeholder engagemedit a
building lasting relationships to meet their neeasl expectations (Bluszcz, Kijewska, 2014). Stalddro
engagement can be understood as practices theizatjan undertakes to involve stakeholders poditive
organizational activities (Greenwood, 2007). Thigpgr aims to answer the question of how stakeholdex
engaged in CSR reporting process within the mimolgistry and if the mining companies use the stakkh's
feedback to improve this process. Hence, the redeairof the paper is organized as follows. Firsg th
stakeholder theory and CSR reporting are outlingt particular reference. Secondly, we describentie¢hod
used and data sources. Thirdly, the findings frbenstudy of CSR reports of mining companies arsgimed.
The paper ends with a discussion and relevant adimg reflection.

Literature Review

Social responsibility requires building a clearatenship with the internal and external environimen
Responsible enterprise is one that cares abouintheests of its employees, the local communityd #ime
environment in which it operates (Gawet, 2015).sThieans running a business based on building dastin
transparent relationships with its stakeholdersafadzyk, 2009). In the initial model of Freeman @aksholders
are mentioned: owners, customers, suppliers, erapky competitors, government-administration, and
community (Freeman, 1984). The concept of doinginass based on building transparent, long-term, and
lasting relationships with all stakeholders is edlthe stakeholder theory. The basic assumptioriseotheory
are as follows (Berman, Jones, Wick, 1999):

1. The company has relationships with various growgsich are called stakeholders of the organization.

Stakeholders influence the organization's actiwitind are influenced by its activities.

2. This theory analyzes the nature of these relatipsstiom the point of view of the benefits that ythean
bring to both the organization and its stakeholders

3. Each stakeholder presents and strives for innelevakpects certain expectations. At the same timdries
to make his expectations dominate the expectatibother stakeholders.

4. This theory focuses on the strategic decision-ntagitocess.

In the literature of the subject, we meet differetatkeholder classifications. Rogers and Wrightg@rs,
Wright, 1998) identified four stakeholder groupséad on the types of pressures that are exertedmpanies
through their relationships: capital market stakeéis (mainly debt and equity holders), product kaaror
consumer stakeholders (mainly those associated prithary business operations), internal organiraticor
labor stakeholders (such as current and potentigdl@yees), and political and social markets (irmterof
compliance to society’s demands and expectatiofisgre is also another typology in which internad an
external stakeholders are identified. Internal etatders (insiders) are those who control the lassimof a
company, either by ownership (shareholders) or iblyies of their position in the company (board mensbe
managers, employees). External stakeholders (euyichclude customers, suppliers, and other groupside
the company interested in doing business. The enwient is also a party entering into relationshiith the
company. It is often called a silent stakeholdenliké man, he is unable to convey his demands and
expectations directly. Companies, by their actpgtiviolate the balance of natural environmentamedherefore
obliged to take measures to prevent its degrad@®ghak, 2004).

Stakeholder theory is a fundamental element of @ae social responsibility and building stable
relationships with stakeholders will not be possihlithout effective communication with them. Moigiand
Schultz (2006) suggest that organizations devethopet distinct communication strategies with stakddrs:
informing, responding, and involving. The firstatrgy refers to a one-way communication procesgevtie
organization “informs” the target audience. Thiat&gy is controlled by top management withoutititent to
learn or change. Sharing information in this mddelone by developing and distributing media, neams] press
releases. Companies engage with stakeholders timiméntheir production and transaction costs byuoatly
uncertainty (Thorelli, 1986; Williamson, 1991; Hemmans et al., 2016). The “response” to stakeholddarased
on two-way communication. However, the flow is asyetrical, suggesting that more information is tfaned
from the organization to the stakeholder than viessa. Strong lines of communication, often noefazface,
exist from the organization to the stakeholderse dhganization does not change based on the infamma
receives from stakeholders but rather aims to ohdhng behavior and views of the public (Herrema&tegari,
Mahmoudian, 2016). The “involve” strategy, is twayncommunication in the form of a dialogue in whiadth
participants are demanding change from one anofite. most expected situation is when both partitipa
change in response to the information exchangecktintgs are often face-to-face, involving joint deon
making or joint management of a project. Stakehslaeay suggest corporate actions (Morsing, Schaaas),
and the process can result in capacity buildinglddjue often results in ideas and increased knaelddr all
parties regarding continuous improvement (van kegjisGlasbergen, 2008). If engagement is facede;ftne
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organization conveys the information, and the dialder responds, provides feedback or asks quastion
enabling organizational learning (Herremans, Naddahmoudian, 2016).

Stakeholder dialogue is a basis for the implemantabf the CSR concept in practice. A socially
responsible organization identifies the requirermeantd expectations of its stakeholders and corssithem
when making business decisions (Wolniakbek, 2015; Cierna, Sujova, 2015). A CSR report feran of
communication with both external and internal skekders. To fulfill its role, the report should Inde
information which is expected by the interestedipar If stakeholders are involved in the reporfimgcess, the
report is likely to include suitable indicatorsettiata disclosed is authenticated and presentadvasy which is
understandable for the recipients of the repore Téctipients of reports feel satisfied if they fitieé required
information in them. Thus, stakeholder engagenganiimportant element that should contribute éoptocess
of preparing a CSR report. This is emphasized ef@mple, in GRI guidelines. The guidelines of tHelal
Reporting Initiative are widely-used non-finandieporting standard, recognized by companies a¢hessorld
(Alavi, Habek, Cierna, 2016). More than 70 percent of repgreénterprises and organizations use the GRI
Guidelines when communicating their impact on snatsle development (Deloitte, n.d.). In the mosterg
GRI G4 guidelines, the stakeholder inclusivenesacjple was transferred to the first position odtfour
principles for defining report content in order émphasize its significance and priority comparedthe
remaining principles and the whole process (Anaf132. For example, G4-26 indicator of this guidesin
applies to the organization’s approach to stakehadthgagement, including frequency of engagemeartrding
to the type and stakeholder group, and an indicatib whether any of the engagement was undertaken
specifically as part of the report preparation pasc

Acquiring the knowledge about expectations andréstis of stakeholders should be a starting pomthie
process of preparation of that kind of a report. Wave to bear in mind that not all of the organas
stakeholders will use the report. The stakeholdegagement process can help to learn and understand
stakeholder expectations and needs. Organizatjgmsatly initiate different types of stakeholdergagement,
which can be a valuable input into the reportingcess. The stakeholder engagements process castuiele
forms as: one-to-one meetings, interviews, questioas and surveys, knowledge exchange groupaugimag
steering groups, advisory panels, multi-stakeholfdeums), workshops, focus groups and other types o
meetings, including social events, practical dertratisns, including participatory events (for exdeyfraining,
games). It is important to document the processtaifeholder engagement to make the report morebteed
The organization documents its approach for dejfinihich stakeholders it engaged with, how and wien
engaged with them, and how engagement has infldetheereport content and the organization’s CSRities.
Systematic stakeholder engagement enhances thdnesef of the report. Executed properly, it isliike result
in ongoing learning within the organization andéxgernal parties, as well as increase accountabdliga range
of stakeholders (GRI, n.d.). This paper presentg simkeholder engagement is documented in CSRteepbr
selected enterprises of the mining industry.

Methodology

The data in this study were analyzed using coraeatysis, which is a widely used qualitative reskar
technique. The content analysis was conducteceifialfowing steps:
1. Selection of research material.
2. Repeated reading of texts that entered the sample.
3. Development of a category system.
4. Definition of each category in system.
5. Building tables with quotes.

In the conducted research, the category systendesssloped before reading the research materiatdoas
the researcher's intuition and expertise of théyaed problem (ldbek, 2013; Hbek, Wolniak, 2016) and then
it was compared with the individual reports. As limmit the subjectivity of the analysis, suggested b
Szczepaniak (2012), the categorical key in theardnalysis was complemented with detailed dédimst for
each category, and tables with quotes were cortsttio provide direct contact with the empiricaltemal. The
construction of the categorization scheme is aardgi&s stage of content analysis research. Figyregents the
category system developed for the study.
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echaracterization of stakeholders
«identification of nceds and cxpectations of stakcholders
= stakeholder prioritization/ materiality mapping

*one directional communication (company provides information)

«one directional communication (company requires information)

«two-way communication {mutual information exchange,
dialogue)

«types of feedback
sresults of the feedback

Fig. 1. The category system for the content aigabyfSCSR reports of mining companies.

A list of detailed definitions for each category time categorization scheme is presented in Tablke 1.
contains guidelines on what is included in eackegaty along with how the quotations from the stddieports
are attributed.

Tab. 1. Definitions of the categories.
STAKEHOLDER IDENTIFICATION

Characterization of All information about the company’s stakeholdeln®itt division into specific groups, ways of
stakeholder groups identifying them (research, interviews, brainstergiichecklists, lessons learned, etc.)
Identification of needs and These fragments of the report devoted to presettimgeeds and expectations of individual
expectations of stakeholders stakeholder groups
Stakeholder prioritization/ Those parts of the report where materiality issresdetermining. These fragments of the repgrt

determining materiality issues | presenting the stakeholders maps, the methodoltmeessess the significance of the organizatian's
impacts, the topics, and indicators raised by thkeholders. All information on stakeholders
prioritization.
COMMUNICATION WITH STAKEHOLDERS
One-way communication — These sections of the report describing ways ofigiog information to stakeholders. All
company provides information | information about education, stakeholder trainprgss conferences, open days, publishing reports,
newsletters, advertisements
One —way communication — These sections of the report describing the adgnisof information from stakeholders, such a
company request information | questionnaires, interviews, focus groups, audig&keholder meetings and forums, market reseafch.
Two-way communication —mutugl These sections of the report that describe the ahirtformation exchange with stakeholders in the
information exchange, dialogue form of stakeholder panels and moderated stakehdldigues, sessions, the participation of]
stakeholders in management meetings, etc.
FEEDBACK MECHANISM

Feedback These sections of the report that encesisigkeholders to formulate an opinion on thertepo
CSR policy of the reporting organization. Theseisas present the types of feedback, feedback
forms, etc.
Feedback results The report presents the resutite déedback. All information regarding takingargtccount

feedback results in the next reporting period.

Building the tables with quotes provides the reammtact with empirical material without havingrefer
directly to the entire published text. As a reafltthe conducted analysis tables with quotes relabeeach
category from the categorical key are presenteéddamesults section of this paper.

Selection of the research material

The content analysis was based on corporate s@spbnsibility reports of coal mining enterpriséhe
reports for this study was collected from the dustaility report database of the Global Reportingiative.
Based on criteria such as the 2016 report, regimoie, sector-mining it was found 33 sustainabiligorts in
the database. Out of the 33 reports, only 3 haea Ipeiblished by coal mining companies, and thepertg
have been chosen for further analysis. Only pubkaslailable sustainability reports, bilingual, arbtished in
English, was examined in this study.
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Results

The study was based on three reports of coal mieintgrprises: Evraz, Glencore and Lubelskigwl
Bogdanka S.A. Evraz is a multinational enterpriggectv beside coal mining principle activities is méacturing
steel and steel products, iron ore mining and bBnreant, manufacturing vanadium products, tradingatmmns,
and logistics. EVRAZ coal segment not only suppliesssteel mills with necessary raw material bwgoal
provides coking coal to major Russian coke and steelucers and serves export markets with its saaport.
Glencore is also a multinational enterprise, comitgogroducer and trader, operating worldwide. Itsiness
covers over 90 commodities encompassing metalsr&rals, energy products, and agricultural prodasteell
as related marketing and logistics activities. UskieWegiel "Bogdanka" S.A. is one of the leaders in tledh
coal market in Poland. The energy coal sold byctrapany is primarily used for the production ofctlieity,
heat, and cement.

Evraz discloses its sustainability data in an ahmejort. Its report has been prepared on the lddise
International Integrated Reporting Framework anel @RI G4 Sustainability Reporting Guidelines. Luibél
Wegiel ,Bogdanka” S.A. (LW Bogdanka) prepared an gnéged report in accordance with GRI G4 in ‘core’
option using the International Integrated Reporfi®”) Framework. The LW Bogdanka’s report alskéa
into account indicators specific for the mining tsecwhich are described in the mining and metdid €ector
supplement. Glencore disclosed CSR data in a sep@®R report. The report complies with the comell®f
the Global Reporting Initiative (GRI) G4 sustaif@pireporting guidelines, including the metals amihing
sector supplement. Glencore sustainability repethe only one of the analyzed reports has beepantiently
assured.

The content analysis of these reports has beendatlvinto three categories: stakeholder identificati
communication with stakeholders, and feedback m@sha The results of the analysis taking into aotdhe
relevant categories are presented in Tables 2ZiB4a

Tab. 2. Quotes in the category stakeholder ideatibn.
STAKEHOLDER IDENTIFICATION
Characterization of EVRAZ Not mentioned
stakeholders groups GLENCORE “We interact with many diverse stakehaddmmound the world. We are committed to
building transparent and constructive relationskijth our partners to deliver
sustainable, long-term benefits to all of our skeltders.
A key part of our commitment to operating respolysibto develop, maintain, and
strengthen our relationships with all of our stakdbrs.
We engage with all stakeholder groups to build rimegnl relationships and understand
their expectations and aspirations.

Engagement, both on regulatory matters and wittstakeholders (our people, labor
unions, our host governments, our communitieshost governments, NGOs, busines

partners, investors, customeisrommon to all the material topics identified”.
Lubelski Wegiel “The list of stakeholders applicable at the LW Bagkla Group covers the following
Bogdanka S.A. groups: Full-time employees of LW Bogdanka S.Aad& unions, potential employees,
former employees, subcontractors’ employees workirtge mine, State Labour
Inspection, Regional Labour Inspectorate in Lubliine Rescue Stations in Jaworznq.
State Mining Authority in Lublin and Regional MirgrAuthority in Lublin and Central

Mining Institute, Local Building Supervision Insgerate in teczna. Environmental

organizations, Regional Environmental Protectispéttorate in Lublin, Polesie
National Park Management, State Forests (Foresti@i©ffice in Swidnik. Institutional
customers, individual customers, key suppliers,aratontractors. Shareholders with
particular focus on the strategic investor, thattie Enea Group, banks, Warsaw Stog
Exchange, Polish Financial Supervision Authorityedv&, universities, and academic
employees, technical and sector organizations,rgavental (central) administration,
non-governmental organizations. Local governmentiaistration, local residents, socia
leaders, local non-governmental organization”.

n

~ Q

Identification EVRAZ “In 2015, the Hot Line received c.1,000 resise and all were examined. The most
of needs and popular enquiries concerned labour managementaetatincluding ¢.200 regarding
expectations contract details), followed by salaries, socialg@s (transportation, conditions in nonf-
of stakeholders production premises, nutrition, conditions at gitasd PPE (periods, volumes, content |of
supplements, lifecycle, rules of use and washing)ch accounted for ¢.100 requests
each”.
GLENCORE “Each asset must complete a stakeholdesasent, covering all stakeholder

circumstances, needs, and concerns, as well astigbienpacts, risks, and opportunities
for that asset. From this assessment, the assétesign an engagement strategy, which
may include procedures for information sharing,stdtation, and collaboration. This
strategy is aligned with the asset’s business tisgscand changes to its lifecycle, as we
as local concerns and the broader socio-econotuigtisin in the region. Senior

management at each asset is aware of progresplenmanting these strategies, whic
we also report on to the local communities involwat require assets to review the

strategies at each stage of their lifecycle to enthat we continue to be aware of

stakeholder priorities and needs.
Some of our stakeholders have faced economic atidl sliscrimination in the past.
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These may include indigenous people, women, childiisabled and older people, and
victims of conflict. Wherever we operate, we look these groups during our
stakeholder assessments and determine the mospaippe ways to engage with them?.

Lubelski Wegiel Not mentioned
Bogdanka S.A.
Stakeholder EVRAZ Not mentioned
prioritization/ GLENCORE “In line with the Global Reporting Initieé (GRI) guidance on materiality, our
determining assessment process begins with a Group-wide redfievaterial topics at global and
materiality issues local levels. This identifies topics raised durstgictured engagement activities by
broad range of internal and external stakeholdiecensiders the issues that affect ouf
peers and the entire sector, assessing media gevena feedback from local
communities.
We consider a topic material if senior managemetgrchines that it may significantly
affect our business operations or have a signifitapact on any of our stakeholders”
Lubelski Wegiel “In the course of work to review the earlier stpgtef the corporate social responsibility
Bogdanka S.A. for 2012-2015, comprising the workshop, not onlytenality of particular groups was

specified but also current and targeted forms albdiue and involvement of particular|
stakeholders were identified.

The map of stakeholders used for the preparatitheo€SR Strategy for 2014-2017 has
been considered still valid”.

Tab. 3. Quotes in the category communication sidkeholders.

COMMUNICATION WITH STAKEHOLDERS

One-way
communication —
company provides

information

EVRAZ

seeks to build an efficient system, designed niyt fom keeping information flowing, but

“EVRAZ pays great attention to its intern@mmunications processes and constantl|

<

also for increasing employee loyalty and motivatibhe Group searches for, evaluates
and implements best communications practices, as@hcorporate intranet, bulletins,
and internal advertising campaigns. Its goals@afradvide up-to-date, full
, and transparent information regarding its busireegl strategies, progress and
bottlenecks”.

GLENCORE

“We provide our stakeholders with inforoatin a wide range of ways, tailored to the
local context, that varies across the Group. Thedade radio broadcasts, site
publications, regular town hall meetings, and ifdiial meetings with the community”.

Lubelski Wegiel

Bogdanka S.A.

“One of the novelties under development since 28 6new Intranet platform, which far

of coal undergo mandatory training on hazards agitlants prevention. This mandato
training is to familiarise the employees of extératities with the procedures in force

now offers only the functionality of e-learning,tbs eventually to take over the
functions of Intranet for the mine and be the etedt “employee zone”.
All employees of subcontractors who work directiyniining or mechanical processing

gy

LW Bogdanka S.A., which are of direct and key intpoce for ensuring safety on its
premises”.

One-way
communication —
company request

information

EVRAZ

“One key way in which the Group seeks feedbfaom employees is the EVRAZ
Compliance Hot Line”.

GLENCORE

of the asset, these mechanisms may range frommafaromplaints channels to formall

“All our assets must carry out communigygeption surveys every three years to check
on the effectiveness of their engagement strategies
We not only send out information to our supply dsaive also bring learnings from
other stakeholders back to our operations andsasgas includes continual
improvement of our facilities and procedures towlfor the potential health impacts of
production activities. We require our assets ta@ajgegrievance mechanisms, to recei
and address concerns from external stakeholdeperidéng on the location and contex

—~ o

<

dedicated grievance mechanisms. Channels for comation include dedicated phone
lines, complaints
registers at public places, SMS hotlines and tfieasf of assets in local towns”.

Lubelski Wegiel

Bogdanka S.A.

“In mid-2014, a study of organizational culture anttrnal communication system too
place for the first time in the history of LW Bogda. The study included group
workshops (FDI) and personal interviews (IDI) widpresentatives of the Company’s

various organizational divisions. As a consequerickis study, an internal

communication strategy document was developed 15 2@hich was then implemented

to the greatest extent possible, given all theiotsins that occurred simultaneously in
2015".

Two-way
communication —
mutual information
exchange, dialogue

EVRAZ

“The backbone of the relationship between B\Rand trade unions is a social
partnership. Regular discussions and formal aratrimdl meetings of the management
and unions are conducted at all EVRAZ facilitie¥RAZ seeks an ongoing dialogue

with the communities in which it operates.
Ongoing engagement with civil society at all levafishe organization, including a fact;
finding mission to Colombia to understand and aslkey NGO concerns”.

GLENCORE

them to minimize our impact and maximize the benedi bring to them. Our policy and

“Wherever we work, we engage in open amdicuous dialogue with indigenous
communities to understand their culture, views, aspirations. This helps us work with

approach are aligned with theMM Position Statement on Indigenous People and
Mining.
The geographies and markets in which we operatexaremely complex, and we
conduct dialogues on local, national, regional iaternational levels”.
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Lubelski Wegiel “The topics discussed with the framework of dialeguwe diversified and depend on g
Bogdanka S.A. given partner. For example, talks with unions, wuhéce considered a key partner by t
Management Board, are naturally focused on emplogieged and social issues in the
context of changes in the more and more challengiaket. For people living in areas pf
mining activities mining damage is the crucial asp®loreover, more broadly defined
local communities are mainly interested in howntiee is going to support local
development, which includes local events and imaests, but also the creation of new
jobs.

The monitoring of the objectives of the CSR stratiegolves verification of key
stakeholder groups and the current and desiredsfofrdialogue with them. In the case
of these key groups, the communication is very leggdirect, and often at the highes

level, which enables consultation of relevant mattegularly. In 2015, 22 dialogue
sessions with the trade unions were held”.

0]

Tab. 4. Quotes in the category feedback mechanism.
FEEDBACK MECHANISM
Feedback EVRAZ General contacts to the company
GLENCORE We welcome feedback on this report ora@thgr aspect of sustainability at Glencore
You can send general comments to gcp@glencore ©timerwise, you can contact:
Corporate sustainability
Michael Fahrbach
Tel: +41 (0) 41 709 2571
michael.fahrbach@glencore.com
Lubelski Wegiel Contact point
Bogdanka S.A. Marketing, Public Relations and CSR Department
Lubelski Wegiel BOGDANKA S.A.
marketing@Iw.com.pl
csr@lw.com.pl
Tel. (+48) 81 462 56 38, 81 462 54 36
Fax (+48) 81 462 54 26

Feedback results EVRAZ Not mentioned
GLENCORE Not mentioned

Lubelski Wegiel The content of the previous Reports and this Repastdefined on the basis of the

Bogdanka S.A. results of a workshop held in connection with tegelopment of the CSR Strategy fo

2014-2017 in October 2013.
The preparation of the Report itself involved imtews with managers responsible for
relationships with individual stakeholders. Thipagach made it possible to define th
content of the Report under observance of matgri@iompleteness, and stakeholder
inclusiveness principles.

D

Stakeholder Identification

According to analyzed reports, two of three analyzempanies are identifying their stakeholders. LW
Bogdanka presented them very precisely in the tdpdrdid not identify their needs and expectatigslencore
mention about its stakeholders in some generaémstts but identification of needs and expectations
Glencore is done through stakeholder assessmerdrieg all stakeholder circumstances, needs, andesas,
as well as potential impacts, risks, and opporiemifor the company. The results of this assessseEmnwe to
design an engagement strategy, which may includeegures for information sharing, consultation, and
collaboration. Evraz did not characterize its shatders in the report and identification of needw a
expectations of stakeholders was executed onhhethne request examination, which is not an actiagy to
recognize stakeholders demands. Unfortunately, Bla@z did not present information concerning itization
and materiality issues related to particular groapdéts stakeholders. Glencore determines matgyiddisues
according to GRI guidelines. Material topics aréesed during engagement activities of Glencore \hitith
internal and external stakeholders. Material issaes determined by senior management. LW Bogdanka
presents only a general statement that materiadifyarticular groups was specified and the stalddrsl map
but the results are not included in the report. &ohthe analyzed company present in the repastipgzation of
its stakeholders.

Stakeholder Communication

All of the analyzed reports include information abproviding information to stakeholders. EVRAZ pay
attention to its internal communications processdisreports specify types of communication; LW Rizmka
focuses especially on communication with employ8dse analyzed reports also disclose informationuabo
types of requesting information from stakeholdénsGlencore’s report, we can find the most inforimaton
acquiring information from stakeholders. It dis@esdifferent types of communication, such as pdiaep
surveys, grievance mechanism. Channels for comratioicinclude dedicated phone lines, complaintsstegs
at public places, SMS hotlines, and the officesas$ets in local towns. Report of LW Bogdanka pressen
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information about surveying internal communicatgystem which results serve as a basis to develaptemal
communication strategy document. Evraz also focosemformation feedback from employees in the fain
compliance hotline. All of the studies companieslai that they engage in dialogue with stakehsldevraz's
report includes assertions concerning dialogue witlde unions, employees, and civil society butheuit
specifying the details of the dialogue. Glencorgages in dialogue with indigenous communities. W L
Bogdanka the communication with key stakeholdeugsois very regular, direct, and often at the highevel,
which enables consultation of relevant matters legfyu Only in the report of LW Bogdanka quantitei
information is given regarding the dialogue witakstholders (22 dialogue sessions with the tradengii

Feedback

Little information can be found in the reports dstaining the feedback from stakeholders which neayes
as an input to the next reporting process. OnlynGlee has provided information encouraging stalagrsl to
formulate an opinion on the report and provide &dhtact details to the person in a company resplenfor
these issues. Evraz has provided only general codédails to the company. LW Bogdanka gives cdatacthe
CSR department. Information on taking into accdeetback results in the next reporting period caly be
found in the report of LW Bodanka which used thsuieof the workshop and interview with managershef
company to define the content of the report.

Summary

Business organizations are under many pressunestfreir internal and external environments. Condact
dialogue with stakeholders is fundamental to thecept of social responsibility. Building stableatidnships
with stakeholders will not be possible without effee communication with them. CSR report is onethedf
possible means of that communication.

This paper aims to answer the question of how &tzllers are engaged in CSR reporting process within
the mining industry and if the mining companies tisefeedback from stakeholders to improve thicgss. By
using sustainability reports as a means of dateatadn, this study focus on how stakeholders destified and
engaged in the CSR reporting process. The authmply @ontent analysis on data from reports of ngnin
companies collected from a Global Reporting Inikiatdatabase.

The results revealed that stakeholders engageme@SR reporting process of the mining companies
leaves space for improvements in each analyzed aoynprhe companies are focused especially on iatern
stakeholders communication, and the process ofifa=tion of stakeholder needs and expectatioesrat yet
well developed. The most undervalued element iratiadyzed reports is getting feedback. The assespenits
very rarely contain information that would allowaders to contact the person responsible for theldpment
of the report or for the reader to express hisesrdpinion. This is alarming information becausgh#re is no
feedback mechanism, the dialogue with stakeholded#ficult or even completely blocked. It is impant first
to identify the stakeholders and to know their etatons and then choose how to communicate effdgtivith
them. The appropriate form of communication shawddoriented not only on information but above all o
dialogue with the broad environment. It is impottaaot only to go in one direction: enterprise kstaolders but
also to receive and process feedback message®h8tdkr engagement is crucial for conducting swsfoés
reporting process because knowing stakeholder readl®xpectations should be the starting pointeifinthg
materiality and relevance of information discloseCSR reports. To increase or enhance the quaflisy CSR
report, it is important for companies to know whttkeholders demand, and what stakeholder seeeagtable.

CSR reports should be developed for the stakelmlded with their active participation. They shobkl
developed to meet the information needs of botérivatl and external stakeholders. Therefore noneatsée
CSR report will be developed without stakeholdegagement in this process, and for stakeholder emgeqt,
two-way communication is essential. Reporting conigs cannot forget about using feedback mechaniisats
aim to improve the reporting process.

The research methodology used in the study isduirlity various factors. The restrictions relateipaldrly
to two issues. The first limitation is related e tlack of available data. We analyzed reports fcompanies of
different types and operating in different courdtrigvhich may influence their approach to CSR issié®
second limitation concerns the types of analyzqubms. Each of the studied report was of differge
(separate CSR report, integrated report, and anmyrt with CSR section); therefore, the amounteodt
devoted to CSR was different. Possible future timas for research focused on stakeholder engageman
take into account the cultural context of the réipgrcompanies, which may have a considerable impac
stakeholders attitudes and expectations.
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The political frame of the European Union for mining of non-energetic raw
materials

Zuzana Simkov3, Michaela Qfenasova, Dominik Tudo# and Barbora RétH

The goal of the present applied raw material polieyto provide effective using of the domestic raaterial base with regard to
industrial, energetic, environmental policy, anccdb planning. The Slovakian raw material industsyin a breakthrough situation.
Therefore, there is a task for all society to ginast effort to provide that also Slovakian raw miatepolicy would begin to grow. In the
presented contribution we search raw material polic Slovakia from the systematic view, analyzitdjvidual elements of the system -
relations with supplier-consumer, legislative, peoly, personal, economic, political and other rédas in the frame of the system, as well
as relations with its surroundings. We made a mofleew raw material policy that defines systenadijcand objectively conditions, goals,
and measurements and tools for filling of theselgyudth the aim to revitalize Slovakian raw matépalicy. Such a model could provide
sustainability of the mining industry in the countr

Key words:raw material policy, mining, non-energetic raw iedal, economic growth, sustainability

Introduction

The raw material policy of the state is a stratelgicument that defines the main goals and prisrfoe raw
materials base using. Ministry of Economy in Slaaak responsible for raw material policy in perimihimal
20 years, as well as for its actualization. Preseohomic development, providing of energetic nestige of
unemployment and social development, new legidatthe strategy of sustainable using of naturatcas)
skills of previous research and development, ambusf the raw material base, demand acceptatioreof raw
material policy (Cehlar and Maras, 2001).

The goal of present applied raw material policynfrd004 was to provide effective using of the domest
raw material base with regard to industrial, engcgenvironmental policy, and local planning. Témrance of
Slovakia to EU, using of possibilities and regagdiobligation, resulting from EU membership, as was|
regarding present geopolitical situation and itpacts to the national economy in Slovakia, demandew
understanding of raw material policy, its contentlaim (Ministry of Economy, SR, 2003). The newipyl
must be conceived considerably wider — primarilymtst provide raw material security for sustainable
development of the country.

Therefore, except of the present support of domestiv materials using, of course at observing of
necessary balance between living environment piioteand industrial needs, it must also includaqyohgainst
all possible useful energetic sources for the rifetle country, either sources in abroad (busipessy), or in
home (support of waste recycling).

One of the most important present development #eisdthe development of a circular economy.
Application of this philosophy and principles teetbonditions of raw material economy changes ptas@mow
and isolated view to the raw materials and it bsiwgder and more integrated perceiving of “raw miate
concept” as the object of raw material industryiofeing and solving whole life cycle of raw matdsa- whole
raw material flow, not only its initial period.

A very difficult task is to create adequate spameall multispectral interests in the prepared raaterial
policy, which should also be with regard to raw enit criticality as well as sustainable developtdine raw
material policy is basic planed document, descgliire desired behavior of the raw material induasya whole
and in this way, also all its elements.

Despite all the mentioned problems, the Slovakemn material industry is in a breakthrough situation
Although it is at the bottom of the synopsis depetent, surroundings expect its future growth anumetition,
not sleeping, is still growing. Therefore, thereaigask for all society to give vast effort to pide that also
Slovakian raw material policy would begin to grow.

The goal of raw material policy should be to defm®rities for Slovakian raw material industry fincthe
view of need to provide sustainable developmenmnational economy and society, as well as to define
measurements and tools for providing of stable lbgweent of single raw material industry and its
competitiveness in international level in measadgquate to created conditions (Cavender, 19923 .gbhal of

1 Zuzana Simkovéa, Michaela‘@nasova, Dominik Tudo$, Barbora Réflechnical University Kosice, Faculty BERG, Letna 9,
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the presented contribution is, therefore, to makgstem for raw material policy creation in conerebnditions
of the country. The larger the system, the gretiternumber of factors, decisions, constraints, askb it
involves (Straka et al., 2018). Knowledge of thésgtors is very important not only for the develaor of
relevant policy concepts in the country but alsotf® national and international benchmarking (Kihet al.,
2017).

Literature review

Nowadays, global environmental change can no lomgeexcluded; it must be solved through global
sustainability, in which humanity can operate saf®ockstrom et al., 2009). From this view, humamiannot
transgress boundaries and sources of the planebult have namely influence to the society, ecpland
economy of countries.

Mining activities divide communities and countrigSray, 2018) due to different geological, legisiati
political, social, and economic conditions. Therefanalysis of mining activities must be regardeximf the
view of the growth economy, encouraged by governnmols — together with ecological integrity (Ggnand
Neil, 1984). Only by this way state can be morepsuters of mining, not resister of it. State andeggoment
should participate in the decision — making proaesmrding conditions of mining from a legal anditpal
perspective (Pelaudeix et al., 2017). Opennessispgeaency, and public participation of the stateais
longstanding issue. The state must adopt suchideds public participation with the aim to preventning
activities from harmful impact to environment, ssyi and economy. Therefore, also in areas of minin
principles of corporate, social responsibility mist regarded (Curran, 2017). It is using the suppuwat
community would be in opposition to mining actigii and on the other hand, it could support the eoan
development of the regions, and in this way alsostate development. Also, ordinary people shoaltigipate
in decision making in the context of mining and emad extraction (Ruwhiu and Carter, 2016) due tortulti-
dimensional character of mining, which demands lasidg, where people are living. It is also necsstatake
into account that mining industry is a very specffeld which is typical with many risks like cagitintensity,
long pre-production period, high risk, non-renewealdsources and specifics associated with humanunees
(Rybar et al., 2005). In this context, there habda relation between mining companies and inhatstby way
of meaningful participation at negotiations abouning activities. It must be covered by appropribiegislative
tools, providing positive economic, social, and iemvmental indexes. Consequently, there is a néagdssuse
safe methods for mining and the use of mineraluess (Straka et al., 2016).

Several authors studied why there is resistandddamining activities, for example, Deonandan (2015
Proper legislation could decrease such resistatreging attention to economic development. Howewdthin
such studies, little attention is given to underdiag how and which measure social movements daatahe
development of mining and its environmental impa@g&bbington et al., 2008). Social movements have
significant influences on forms taken by the exitec and mining industries (Colving et al., 2015).
Development of the society must be done due tartbationed by being co-produced by movements, mining
companies, and other actors, in particular, thie stavery interesting model for including of statied society to
decision making about mining activities with envineent considering was made by Colvin et al. (20Th)s
conceptual model and its interpretation through gbeial identity approach raise several implicaidor the
current theory, practice, and institutions involvedhe wicked socio-political level.

The principle of sustainable development has becarentral idea of environmental law (Frenz, 2003).
This area has to be around in legal discussionpafitical declarations for some time, resultingtie serious
legal framework, in which the mining industry cgpeoate positively. According to the mentioned sfutgre is
a need for future generations safeguarding. Moneogeological, economic, and social interests nhest
reconciled. This principle could imply new restiocts for the mining and energy industries (Rybaalgt2005).
The importance of legislative is obvious in miniagd implementation of new technological solutiogsQ¥E
using (Horodnikova et al., 2008). The effectiveigobf the state in the area of mining activitiesild solve the
problem.

Methodology

The raw material policy is a very complex documdit.is to be valid, complex, systematic and aibjee,
it must result from whole raw of documents, accepaé European, national and regional level, anchist
include a number of influences, interests, and daelsiaTo understand the complexity of raw materd@icy
creation, there is necessary to use knowledge agithadology from the theory of systems and to make
decomposition of the problem.

From the systematic view, there is possible to idemsthe Slovakian raw material industry as a sngl
system. Elements of the system present all reseantiing, processing, metallurgical, recycling, edlion,
environmental organizations, as well as state amdirgstration institutions. Relations present vassupplier-
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consumer, legislative, property, personal, econppuditical, and other relations in the frame oé thystem, as
well as relations with its surroundings.

System of “Slovakian raw material industry” preseat subset in the vertical level of European and
worldwide raw material industry. In horizontal Iévét presents part of the Slovakian national ecopo
However, this system can be further divided intbsats, for example, regional, commodity, or pratess
subsets, etc.

Composition of the system must be understood sin@®rresponds with its goals composition. If to
describe system behavior, there is most effectivenéke it through a description of the goals andntke a
description of the goals through its elementss for that reason that real system, or its elemahtsys react to
any external stimulus by adaptation change in rsaecg<ontext for filling of its goals.

The state is the dominant element of the systemmv&lian raw material industry.” The interest of giate
is to provide raw material sources in the measmreyhich there would not be any obstacle for susthie
development of the society and on the other hamg,state must provide long term effective usingasf
material sources (not wasting) with synergic cogatif new sources. Mentioned must be done throedihidg
rules and coordination of “other” subjects activityhrough all system elements.

In the contribution, we will deal with the descitpt of individual system elements interests, foaraple,
interests of geologists, miners, metallurgists, ycears, applicators of raw materials, consumers,
environmentalists, politicians, etc. However, frdme systematic point of view there is necessaryriderline
that all such interests present together one sattefest that has its very complex structure, imclw some
interests contradict each other, others are ingamiatic relation, some have only objective or osijpjective
characteristics, some are short term or long-teesp. permanently applied. From the view of waste,can
speak about an individual or whole society intexdisat have various priority and support.

Results

Providing reliable and undisturbed access to rawer@s becomes a more and more important factor fo
EU competitiveness, and in this way, it also présandecisive factor for the success of Lisbonrgaiship for
growth and employment. European commission realibes situation and therefore in November 2008 EC
accepted initiative in the area of raw materiatswhich target measurements are defined for progidind
improvement of the access to raw materials in EU.
Initiative in the area of raw material policy issea on three pillars:
« Providing of Access to raw material at internatiomearkets at the same conditions as other competiti
industrial subjects,
« Determination of proper frame conditions in the ¥ehBU with the goal to strengthen the sustainabdit
raw materials supply from European sources,
* Increasing whole sources effectiveness and promodib recycling with the goal to decrease in EU
consumption of primary raw materials and relatiepehdence from import.

Initiative results from the knowledge of complexabysis of competitiveness in the area of non-ertarge
raw materials mining in EU, and it demands to indég Access, through which correspondent policres BU
tools could act in mutual balance in the interésthvailability of basic raw materials and their &isable mining
and using.

The first pillar connects active diplomacy in threaof raw materials, and it provides righteousefit, and
secure access to raw materials. Its reaction @sthks fact that the majority of European metal mafeemust be
imported (in 2007 there was business deficit mbaa 20 milliard EUR). Political dialogue with thiodbuntries,
developing economies and their regional groupirzseoves the principle of “common interest”. Onetlud
important directions is the support of sustainaditeess to raw materials in the area of developipelity,
while there is mainly strengthening of dialoguehndtfrica and measurements, connected Africa in afgaw
materials access, administration of natural sour@ss well as transport infrastructure, with regaecd
sustainability and social responsibility.

Dependence on import threatens production secttireiieU by influences of the external market. lufe
years, the price of many minerals could rapidlyréase due to the rapid industrialization of devielgp
countries, for example, Brasilia, China, and In@iarries, 1997). The number of states with richuratsources
limit presently also export in favor of own domesfiroducers, which disadvantages the EU industry in
economic competition. European Union will solve dagk of unrighteous business in accord with itiit&in
the area of raw materials.

The second pillar is orientated to the solving edrfof industry in connection with the availabilif raw
material sources in EU, mainly to the correspondegtlation frame. Different regulation procesgganning,
and rules, connected protection of the living emwinent, health and security, can limit mining ocréase
mining costs. At the same time, access to miningccte expensive and time-consuming, mainly in gdac
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where the soil is used to other activities. Europ€ammission will, therefore, cooperate with memétetes at
improving frame conditions, on which mining depend#h the goal to simplify and accelerate admiaitte

processes.
The aim of the EU initiative will also be an effad improve research and mutual change of knowledge
about raw material deposits in the whole EU. Onthefgoals is to provide that areas with high pidénf raw
materials would not be without benefit. The initiatalso presents support for research projectsnited to
the development of a new technique for mining, Whiould consequently decrease the impact on thagliv

environment.
The goal of the third pillar is to support higherusces of effectiveness and recycling. Presentlst va
volume of products at the end of the life cyclenid processed further by a reliable process wighgbal to
obtain precious materials, mainly metals, usedojm technologies, which could be recycled. From Baro
mainly waste products are exported without effectiontrol and perspective processing. European Gssion
wants to cooperate with member states at improyiagsibilities to verify the goal of such waste extpo
damages decreasing in the living environment, aredeasing recycling rate for waste elements. Maetio

elements of EU initiative are also illustrated igu¥e 1.

i Proper frame conditions of- \
! inEUin interestto ‘Do %
support sugainabie 4, |
A .

supplies from European
sources

Suﬁi:n'crt of sources
~effectiveness and

Providing of source
availabilty from

' - »
eemaons e ..
’ marketsatthe same consumption of %
y conditionsas other primary sources in \
industrial EU \
L]

competitors have
)’ -
Skills !
L]
Fig. 1. Key elements of EU initiative in the amfaaw materials, Source: UN, 1997.

Indexes influencing mining of non-energetic raw madrials in Europe

In connection with the second pillar of initiatiirethe area of raw materials, there is a limitedblstraw of
factors that could influence the competitivenessEofopean mining. They include the whole spectrum,
beginning with fear, connected with diversity ammmplexity of processes for obtaining the allowanaes
individual member states, till conflicts with othgossibilities of soil using, shortage of qualifiedrking power
and demands, connected living environment, healtld, security. They also reflect the need of the enod

technique of mining and improving knowledge abaggible deposits of raw materials.
The mining industry is connected with places ofwnoor commercially vital deposits of minerals. The

appearance of minerals is conditioned by geologivity in the past and knowledge about its struetwhich
depends greatly on the level of investment to ggold mapping, finding, and research. The minindustry
cannot be therefore acting only in areas, in whidre would not be conflicts with other possikéiof soil
using, with wider society, or protected areas,reasa with visual importance.

Most important is soil availability. It results piatly from the characteristic of non-energetic renaterials
mining. In spite the EU has many deposits of ravtemials, they are not evenly distributed, and theye
different quality. It is possible to mine only dapes, where minerals are appearing. Moreoverakateposits
are commercially vital and decision to use concfetality is considerably influenced by market dewhaas
well as by a measure of necessary initial investmand costs on raw materials transport to thd fisar.
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Transport cost is higher the more the goods havketdransported, and they limit effectively geodpiapl
availability of such minerals.

In practice, it means that a number of quarriesteiki surrounding cities, where raw materials are
necessary. From a similar reason, new quarrieplaced primarily in the surrounding of existing\sees, in
spite, finally, also new spaces on ,green meadaw“searching and used. The need for Access to eenlemd
also means that individual development projectloain conflict with competition possibilities ofrld using or
conflicts with wider social interests, or they caave big unacceptable influence on the living esvinent,
although in absolute numbers the space of the laeckssary for non-energetic raw materials mingngather
low (less than 1 % of EU area). Mentioned mustdikdving, especially in any individual case sintere is
very important where exactly the plan to developing will be realized and by what way it will berda One
of the most often mentioned problems in non-enérgatv materials mining is a problem with obtainimignew
allowances with the goal to replace mined localite to search and use new sources.

The base for new raw material policy creation

The national raw material policy can be definedrfrihie national level and European level. The diffiees
are as follows:

The base for the elaboration of new raw materidicpoat the national level is to present time valid
Actualization of raw material policy in Slovakiarfthe area of raw materials, accepted by governibeotee
SR No 722 from 14 July, 2004, in which raw materials were definedaasecessary condition for fluent
development of the Slovakian economy.

It consisted of an analysis of domestic sourcesdatdrmination of rules for protection and savirfigaw
materials using in accord with principles of susthile development. The aim of actualization of thw
material policy was to determine long term goalsl @ools for their effective using and protectiontiwi
respecting of principles of sustainable developnoétihe society and protection of the living envingent.

Demand on national raw material policy from Eurapéavel: raw material policy became an inseparable
part of industrial policy in EU, and at the levélimdividual member states it demands connectiah widustrial
policy, innovation policy, the effectiveness of sms, living environment, and economic competitidhis
integrated perspective enables the industry to ngsmssary raw materials by the intelligent and peaent
sustainable way, which contributes to strategy per®020. Raw material policies at the level of mendiates
should, therefore, include the following:

*  Support of sources effectiveness, mainly primamreetic and raw material sources, by the way, valdi
economic growth from growth of sources consumption,

e  Strengthening of research and development withrdeigacritical sources replacement,

« To support existing or new mining of raw materisssuch member states that are in balance witd vali
environmental, social and health or security legadrees,

e To support the supply of raw material from the detiweoffer, those should be one of the pillars ibf a
measurements of raw material policy,

« To hold and increase employment in the Europearingiisector with providing permanent education and
working power training, while the transition to &isable mining activities should be accompanied by
social dialogue at all levels,

« To make consistent policy “urban mining” (obtainiofyraw materials from communal waste), which goal
is to renew and make access to mentioned sources,

* To support raw material recycling and the needrtwide the highest level of recycling everywheréeve
it is economically and technically possible, inéhgl using of mining wastes that consist of consitér
volume and spectrum of various metals.

Except mentioned EU policy as a base following pean policies, directives, goals, tools, and piEsi
had been analyzed, as well as national policiemsplinitiatives and measurements with impact toate of
raw material industry (Tab. 1).

By comparing of basic state and identified develeptnchanges, growth factors, and demands on raw
material policy, there is a conclusion there isessary radical change of raw material policy. Tha maw
material policy is necessary.

Process of raw material policy creation is dividet six steps; mainly, there is necessary:

1. To define aim, vision and strategic goals — priesitof the raw material industry as an integrat pathe
national economy,

2. To define tactic, which means measurements ands,tdxyl which help defined strategic goals will be
achieved,

3. To define the present, mainly long term disposal m@ed for raw materials and their importance aselat
national and EU economy,
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4. To define possibilities — ways for covering raw evéls needs:
o0 By purchase abroad,
o By mining and processing of own protected primargt aecondary sources,
o0 By waste recycling — tertiary sources using,
0 By substitution (for example metals substitutecplastics, etc.)

5. To complexly evaluate advantages, risks, and inspafcindividual alternatives of raw material neaasl to

decide objectively about optimal alternatives,

6. To define operative measurements and tools and faaytheir application with the goal to provide raw
materials available for their economical consumptiothe economy (company) with the best conditions

7. The mentioned process is also illustrated by theréghm in Figure 2.

Tab. 1. Analysed policies in EU.

EU policies, directives, goals, tools, priorities ith impact on raw material policy

European raw material initiative

European innovation partnership and Knowledge iatiom community KIC RM

Digital economy

European technological platform for sustainable maaterial sources

EU policy in the area of raw materials: ERA-MIN

EU policy in the area of raw materials. Circulaoeamy

EU tools: European Institute of Innovation and Treslbgy (EIT)

EU tools: Horizon 2020 - SC5

Natura 2000

National policies, initiatives, and tools with impa&t on raw material policy

Government Program Statement SR

Slovakia

The strategy of permanent sustainable multisped&aatlopment and strengthening of competitive tytolf

Strategy for research and innovation for intelliggmecialization SR

Slovakian economic policy

Energetic policy SR

Circular economy SR

Strategy Industry 4.0 SR

Digital economy — unified digital market

Environmental policy SR

Program for the waste economy in SR 2016-2020

The conception of geological research in Slovakia

Source: Natura, 2000

The raw material policy has direct relations totlatbe basic areas of permanently sustainable alewvelnt.
At the same time, three states policies — econasnigial, and environmental — are orientated toethlesee areas
of the growth (intelligent, inclusive, and sustdileg. Due to this reason and for these relatidmes raw material
policy must be conceived by the way to direct depeient and activity of Slovakian raw material intdyshe
most with regard to those three states policies. dfy of these areas of sustainable developmesingle
strategic goal of raw material, the policy was defi. At the strategic level, it is defined for tdtee areas of
sustainable development by valid priorities of raaterial policy, as well as by vision and aim af\&lkian raw

material industry. All areas, visions, goals, anidnities are included in Table 2.

Tab. 2. Areas of raw materials policy.

Policy Economic policy Social policy Environmental policy
Principles of
sustainable
development Intelligent growth Inclusive growth Sustainable growth
The strategic goal _Creatlon of economy, based o Support of economy with a hlg_ Support of more ecological and
of raw material innovation and knowledge and measure of employment that wi b :
- . . i . - competitive economy that will use raw
policy righteous economic competitiol| provide social and local materials more effectively
development and coherence
Aim Long term, secure and economically and envirentally effective, providing raw materials for theed for
sustainable and multispectral development of Sliavakd its regions.
Vision The prosperity of Slovakian raw materiadustry, achieved by effective using mainly of thoengstic raw
material base in accord with economic, social andrenmental policy of the state, national histafjmatural and
cultural values and multispectral regional develepm
Priority 1. Providing raw material security of tB&ate in accord with state economic, social, andrenmental policy
according to the needs of sustainable multispedéatlopment of Slovakia and its regions.
Priority II. Sustainable multispectral developmehSlovakia and its regions.
Priority IlI. Transition from raw material chaip taw material flow in accord with the circular eaomy.

Source: UN, 1997
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| EU volicies. mitiat Netional polices e e vt o
and tools with Impact instiatives with impact for providing of long tema rw consumption of raw disposad of raw
\ 10 rew matenial to the raw mesenial matenzl availzbility and their materials and materials and
'g indusay indusTry SCONOMIC COnSUmpton development wends development wends

| Iﬂlndﬂufbmdtnﬁumlh-é%-hﬂnﬁhnfwmmmm |

RMP mission — to provide sustainable
development of SR

RMP vizsion — prosperity of Slovakian RM industry
with providing of long term RM availability and
their effective consumption in national economy in
SR

¥
Horizontal priorities of RMP

Design section — strategic and
political level

| Situation analvsis and prosmosis of .develonment in concrete commodity |
v
Selection of proper measurement, resp. tool and way for its
application with goal to provide long term RM availability
for its economic consumption

Operative — realization level

| Conception for Slovakian RM industry development — action plan |

Fig. 2. Algorithm for raw material policy creation
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Except for mentioned three state policies, the material policy has direct connection also to thedpean
policy, in which energetic, raw materials and theyvfor their providing is solved. Importance ofngidomestic
raw materials is also emphasized in other natigaéicies. It is part of government program declaratin
Slovakia, the strategy of sustainable multispeatealelopment and strengthening of Slovakian cortipetiess,
strategy for research and innovation for the iigelit specialization of Slovakia, strategy for thdlding of
circular and digital economy, strategy Industry,4fid program of the waste economy in Slovakia @hér
policies and documents.

Conclusion

Proper geopolitical and market conditions presemigue historical chance to revitalize the Sloaakiaw
material industry. Suggested concept of new raweriat policy defines systematically and objectively
conditions, development goals, as well as concstgps (measurements and tools) for filling of thgeals.
Realization of such a suggestion can be an exaropleffective management and targeted support of
development in the concrete industrial sector.

Detall elaboration of all tasks, connected with naaterial policy, exceeds the scope of this coutiim.
Similarly as all development activities, also mipiaf non-energetic minerals must find a balanceveenh its
goals and goals of other economic interests, akagealith natural environment and wider social iegts, with
the aim to provide sustainability of mining opeoati

Acknowledgment:The contribution is a partial result of
project solving VEGA No 1/0515/18 ,The decision-
making model of process of evaluating raw material
policy of regions”.
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Modeling of underground mining processes in the ensonment
of MATLAB / Simulink

Peter Jani, Slavka Jadlovskd Jakub Zapach and Luk&$ Kosk&

The article is focused on the creation of a compuotedel for the planning of the mining process @adpplication in the planning of
the mining activities. The use of computers andiapeed software in mining has brought great nesgbilities to speed up and refine the
planning process. The paper deals with the useftivare tools in mining and their application, theerview of available market planning
software and their functions. The main part of #nicle is the design of a computer planning maafeining. The presented article is
focused on modeling in MATLAB/Simulink environmgrgparation of input data, a description of itsiftion and its application. MATLAB
is a worldwide popular software for technical cortipg and simulation. It is a convenient tool fomsilating mining processes. The
purpose of the article is to point on possibilit@fsmodeling of mining processes in the MATLABrenment. The emphasis on creating the
model was based on the simplicity and difficultynjputting the input parameters and the overall kvaiith the created model. At the end of
the article, additional options for expanding amdgroving the model are summarized.

Key words model, modeling, mining, MATLAB, process

Introduction

The development of computer technology and itodhiction into all areas of human activity has bidug
new opportunities and accelerated many activifiéss trend did not exclude mining and mineral min{Bauer,
2014). In countries that are among the leaderBémiining industry abroad, their use is alreadydaiad. These
programs have facilitated, accelerated, and stieathimany of the activities involved in the desigtanning,
and management of mining operations. Traditionalthows for designing and modeling surface and
underground operations are based on manual catmgabf mining parameters and manual output of lyjicb
outputs (Fahrman, 2016). The basis of this metlsod long time for data processing and the desiganof
optimal solution that greatly complicates work. 8pbzed software enables faster, more quality, emate
creative work. IT applications in mining, allow titroduction of new methods for surface and deépny,
which differ significantly from traditional method&kybar et al., 2017; Blistan et al, 2015) . Plagnand
designing underground mining operations involvesmprehensive process of integration of three-dgiceral
data through the use of information from explonmatiengineering, and extraction processes. Planoirite
deposit mining process involves the transfer of\ikdedge and technology between disciplines sucheatogy,
technology, research, accounting, and managemdistai 2007). Since operations are becoming mark a
more complex, effective communication is becomirgyerand more complex (Hall, 2018). Methods of réuiyic
the number of errors and risks in exploration, miniplanning, and operations will help increasesiiety and
productivity of mines (Kaiser et al., 2002). Theraduction of innovative technologies in the prace$ raw
material extraction planning in Slovak mining comjes is essential for increasing the efficiencynohing,
reducing the costs of mining and operation and fdsdhe maximum rational utilization of mineralsmurces
(Cehlar et al., 2017).

Computer modeling in the mining industry

At present, there is a whole range of software teia that cover the full range of mining industry
activities, including comprehensive mining plannisglutions to specialized programs designed to esddr
specific technological processes in mines and @gssuch as drilling and blasting, ventilation eotgchnical
modeling. This subchapter briefly sums up the abd@ software and its specifics in the mining plagn
process.

With the onset of computing, mining techniques hawvelved into new design methods. New methods have
emerged since the 1960s in the US, the UK, Ausatralid South Africa. Classical methods are basedaual
calculations of technical and technological paramsetind graphical interpretations. Methods redioing and
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demanding work over a longer period of time, esgBciwhen different solutions are being developed
(Miladinovi¢ et al., 2011).

Benefits of using software:
e quick update option,
e three-dimensional view of objects,
e thanks to the third dimension, high transparency,
e considerably faster creating different variantpiafjects or models,
« digitally stored data can be used in different sypésoftware,
« the ability to run different types of simulationsdacalculations,
« the ability to quickly and conveniently share daal results over the Internet.

Computer programs that are used in mining, depgndimthe purpose, can be divided into the following

groups:

e universal software packagesmining computer programs for modeling and desifjdeposit for surface
and underground mining,

e specialized software packagesdesigned to optimize surface or underground mirand analyzes of
mining activities,

e special application software:designed to analyze specific problems associatéidl mining design or
mining technologies, cost analyses, solving sordlertieal problems such as slope stability, blastiegign,
ventilation, transport and others (Miladin®dt al., 2011).

The leaders in mining software development are @mgs GEOVIA, DATAMINE, MAPTEK, Hexagon
Mining, and Micromine. Each company has differevftware packages created for specific types of atpers
or specialized operations within the mining indystr

Mining-technical start points for modeling of mining processes

Mining of mineral deposits has several characiessand peculiarities that are given by the specifi
production process of mining, which differs, redpegy. It is incomparable with manufacturing preses in
other industries, in engineering or metallurgicabguction. As Mining Characteristics of mining ofinaral
deposits, we understand the content, forms, tygolagd system of deposit mining, based on the egipdn of
the above mining and mining-related scientific gilnes. Mining and system characterization of thiming
industry is primarily a result of mining and systamealysis of technological processes and techpivahomena
taking place in the production process of depoditetion. In the production process of the minimdustry and
in the individual technological processes of miheeatraction, several separately existing but palal
development stages of the mining business, whiehrealized on the deposit for rational obtainingthod
maximum amount of mineral / raw material (Bauerl 20

The basic and general features of mineral depasiaiction that represent the specificities of oam-ore,
and energy raw materials extraction can be sumehaz:

e stages of mining processes,

« atime sequence of mining,

e preparedness of mining,

« variability of mineral deposit quality ratios,

« the selectivity of mining,

e energy consumption of mining processes,

e the economic burden of mining,

e reduced security of mining facility,

< large surface and directional vastness of excavatio
e environmental friendliness of mining processes.

The mining of mineral deposits is characterizedaagery complex, specific and dynamic production
process, taking place in a constantly changing,tame the boundary of the mining area of the deposivhich
the various phases of the mining process are szh(Rauer, 2014).

A process of a model making in MATLAB / Simulink interface

The computer model intended for the planning ofingrprocesses solves underground excavation of non-
ore raw material. A model is simulating mining wot positions in mine. In each position is placed on
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workplace, on witch the mining itself takes plad&e mining method used in the model is stoppindn vilite
filling of the open underground spaces. In simolatis used non-rails transport. Each mining posii®
separated into smaller blocks. The geometry of mgipiositions and distribution to mining blocks ispdayed in

Figure 1.
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Fig. 1. Geometry of the workplaces (Xaet al., 2018).

The Modeled situation is expecting that the operofhdhe mine was already done and mining of new
mining corridors is not expected. Mining vehiclege ased for the transportation of ore. The routifidpaded
and empty mining vehicles is realized in transpastridors of the mine. The timing of transportatitn
calculated from generally using formulas for cadtign of the mining transportation performance. Tinedel
works with three products of the mining processlamn the content of raw material (Fig. 2).
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Fig. 2. Scheme of the model situation (daetial., 2018).
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The basic software (Fig. 3) for creating the plagnmodel is ESRI ArcGIS software and MATLAB
software with the Simulink add-on. ArcGIS softwdseused to work with the geostationary model arsd it
visualization, block selection, and also to viszmloutput data on the mining process. It will tf@me mainly
serve for the preparation of mineral deposit degapectively about individual mines. The MATLAB teére
will be used for the main part of the modeling s, in which the mining process itself will be reledl, and
the ArcGIS data and other input data will thenrbparted (Fig. 4).

Connection of used software

* ArcGIS * ArcGIS
¢ MS Excel * MATLAB * MS Excel
* Simulink

Tnput data o
processing

Fig. 3. Connection of used software (Jaei al., 2018).

Modeling process

The simulation model is based on the Stateflowhoxl Stateflow is an environment for modeling and
simulation of combinatorial and sequential decisiwaking based on logical events using state autoraatl
flowcharts. Stateflow allows to combine graphicatdable representation, also includes transitiagrdms,
flowcharts, transition tables and truth tablesrfardeling as the system responds to events, timaitoams, and
external input signals (Novak et al., 2005).

[nput data
- I : = ¥ I
Mine data Mineral deposit
| data
= |
| | =
Geometry and location of PMHHE and number I Amount and guality of |
workplaces | of transporters resources
Transport distances Time intervals of ‘ Deployment of the
[ :I‘BSQ'I.IIEES

processes

Fig. 4. Input data for the model (Jaret al., 2018).

With the Stateflow toolbox, it is possible to motte logic for supervisory control, task planniagd error
management. Stateflow includes state-of-the-annation, static and run-time control for design dstescy
testing and assembly before implementation. UsimgStateflow toolbox, we modeled the mining prodegs
simulating discrete events. Each block createchbyStateflow toolbox represents one mining sitg.(b), with
multiple blocks in the simulation scheme representhe same number of workplaces working on theesam
mining blocks. The mining input data can be segmmmatically, using the mine_param.m script; thmant
to be exploited is stored in the 1_pracovisko.xds” 2_pracovisko.xlsx files. Simulation is 60 tinfaster than
real time, which means that 1 second in a simuidsd. minute in real time.
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Fig. 5. lllustration of the first workplace in MARB / Simulink (Jariet al., 2018).

The result of the simulation is the time coursefilihg of the warehouses, which are according lie t
content of the utility component sorted into thremtegories. These data can be displayed directlthén
MATLAB environment or can be exported to .xIsx MdS Excel. The simulation parameters can be sethier
user in the mine_param.m script. As shown in theiabde names, the capacity of the conveyor, the
transportation time of fully loaded conveyor to tharface, the transportation time of empty convegothe
underground, the loading time and the unload ti&feer changing the values, it is necessary to eteethis
script to save changes to the variables and algeatethe simulations. The mine_param.m script tlses
import_s1.m and import_s2.m scripts that are logdind preparing the data.

The simulations themselves are stored in Simulimukations in the mine.slx and mine2.slx files. &ref
running the simulation, run the mine_param.m filghvthe appropriate parameters. Once the simulatas
finished, the data can be exported (Fig. 6). Thepexis executed by running the dataProcessingriptsghich
performs the preprocessing of the acquired datestords the data in the .xIsx file.

MaOp = Moo}

Ton = Tonnes(l}
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Skiadd0 = 0;
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L
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- — 7 entry: state = entry: state = 2;
= steieut = etale: StateOut = state;
T n - kapacia, 2
0 && Ton > -kapacita) 93
actCart = -Ton [afer(t_naloz, sec) && (MgOp >= 37) && Dn == 0]
if (Ton <= 0)
Dn=1
end; 1~
durl
—4 it state = 2;
n T <
. \ ! \
aytpre < 1 \
\ afert_na_povrch, sec)
|
aher(t_do_podzer
/ [(MgOp < 37) &4 Dn == 0 && Ton > 0]
{ i
| Hiadinhline
entry: SkiadMine = SkiadMine + kapagta;
Siladhinedut = Skiadhing
entry.  out=1
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exit
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Ginicad
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 {MgOy

Sklad = Sklad + kapacita;
eisa
Skladd0 = Skisdd0 + kapacita.

sklad1 = Sklad.
aftent_vytoz, sec) skiad = Skiadd0:
exit: stata = 15 during
et state = 4;

Fig. 6. Graph of transitions between states ofutleekplace (Jani et al., 2018).
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Planning model features

The main features of the proposed planning modebeadivided into three parts:
e determining the total amount of raw material exidc
« determining the amount of raw material extractezbating to each set quality category
e determination of the mining process in individuahimg places and workplaces

Together these features give an overall view ofntiving process and its progress over time. Basipuds
from the model include spreadsheets, exportedlsa,.and charts that can be viewed directly in MAB.or
can be created in MS Excel. A script that preveats processing from simulation generates output:

* day-to-day mining and its breakdown by the qualditgach workplace
« monthly mining and its distribution according talividual qualities for individual workplaces
e the number of mining blocks being used

After entering all input parameters of the modelisipossible to proceed to the simulations thevesel
(Fig.7). The length of the mining simulation fodimidual workplaces depends on the size of theviddal
mines and the time period to be simulated. Anoflaetor influencing the length of the simulation ttee
performance of the workstation on which the simafats running.

In the case of this model simulation, the simulatiself took place at the workstation with theldeling
parameters:

e CPU - Intel Core i5 4670@3,4 GHz,
« RAM 16 GB,

e GPU NVIDIA GTX 1060 6GB,

e« SSD 250 GB.

The duration of the simulation, in this case, ldstpproximately 2 minutes for each workplace.

Outputs of mining simulations of individual workpks were processed in MS Excel. Outputs are graphs
and spreadsheets describing the progress of mamdghe month-by-month mining scheme that was sk
in AutoCAD software.

Stmulation process

Data about workplaces
Parameters of mining process

Himulation of mming process of
wotkplace 1
1 Simulation of mining process of

- workplace 2

ﬁﬂi ama_mlt of extracted raw matenal |
Amount of raw material due to quality
Progress of mining

Fig. 7. Simulation process (Jaret al., 2018).

Outputs from the model

Fig. 8. is a schematic illustration of the processach mining queue according to the months fer th
individual workplaces. These progress maps have besated based on the number of blocks to be mimed
each month. The total number of blocks used is showTab. 1 from where these values were usedher t
creation of the progress maps in AutoCAD software.
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Fig. 8. Monthly progress of mining — Workplacevidiéd into two parts (Jadiet al., 2018).

Tab. 1. Summary of mining in workplace 1 (datial., 2018).

Monthly
Number of mining of | Total mining of
Month PI’O?[;ICI 1 PI’O?[;ICI 2 PI’O?[;ICI 3 excavated raw raw materials
blocks materials [t]
[t

1 24336 33984 5760 112 64080 64080
2 50688 64872 13824 225 65304 129384
3 85968 85248 25344 342 67176 196560
4 121536 105048 37440 459 67464 264024
5 147456 136368 45504 572 65304 329328
6 172800 169704 50112 682 63288 392616
7 207072 190080 63936 801 68472 461088
8 215424 195840 67392 832 17568 478656

Model evaluation and possibilities of use in practie

The model for the planning of the mining progrefshe deposit, which is the main benefit of thifce,
also forms the basis for further development ardigal improvement to adapt to the conditions ofpideticular
operation as much as possible. The proposed mooldd dbe summarized in terms of advantages and
disadvantages as follows:

Advantages of the proposed model
« simple input of basic mining parameters
e import of the mining data is in .xIsx format, whishsupported by most geo-statistical models,

e simulation speed
e possibility to adapt to any requirements of theruse

Disadvantages of the proposed model

e inactual version is necessary to run the modeh fkbATLAB,
* amore complicated changing procedure of some pteam(working time, number of workplaces),
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e not generating graphical output automatically (mgnprogress).

Possibilities of the model improvement to match ma®f the needs of
e adding a higher number of the input data,
e adding possibilities of optimization of mining peraters with a genetic algorithm,
e creation of a model as a separated software wittheubeed to run a model in MATLAB,
e the possibility of creation version for a mobileople or web app,
e adding a fully graphical interface.

The proposed model can be used in practice notionilge mining planning process and its progreds bu
also in the design process, determination of fgteérmm size of the transporters as well as sufficigower of
mechanisms or design and choice of mining routbs. @enefit of the model for practice is the rapidwuation
of various variants of mining plans.

Conclusion

The article focuses on the design and creationawfmaputer model for the mining planning processictvh
should be a supporting tool in the planning proc@$e introduction of such advanced tools into ithieing
industry is justified, and abroad, these softwardst are used as standard and are applied toeal$ af mining.
However, they are rarely used in the condition$§liovakia and practice at all in the mining plannprgcess.
This article aimed to analyze the currently avddatommercial planning software, to evaluate itgasages
and disadvantages. Based on this analysis, theriariand requirements for the computerized planmioglel
itself and the appropriate tools for its design evdetermined. The article also deals with the padjzn and
processing of data that will be used in modelspstidata. The main emphasis of the article ishercteation of
the model itself and its use in solving the plagniri the mining process in the deposit. A desigmediel was
created in MATLAB and Simulink, which serves asraversal tool for a wide range of technical caltioias.
The created model was subsequently tested on al meibdation, which simulated deep mining using stld
mining method and mining machinery. The parametdrghis simulation tried to approach the real mgnin
conditions as closely as possible within the cdjieds and functions of the proposed computer modible
proposed computer model also forms the basis fithdu extending its functions and gradual improvetrte
meet the conditions of a particular operation, évally serving as a springboard for another versibsuch a
computer model. A model can also be used in thegs® of education of future mining engineers and as
learning tool for subjects dealing with the miniofgraw materials.
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Impact of changes in coal prices and C@allowances on power prices
in selected European Union countries — correlatioanalysis
in the short-term perspective

Mariusz AndrzejewsKi Patryk Dunal' andtukasz PoptawsKRi

Spreads on power markets serve as indexes that asessing the future profits of electric utitympanies. The spread applicable
to power generated from coal, including the cosE6% allowances and power plant efficiency, has beemed Clean Dark Spread (CDS).
A CDS index may serve at least two basic functiomsthe one hand, it provides information on there prices of power and profitability
of power generation. On the other, it facilitate=dging to be applied not just by power plants Hab &y other entities operating on the
market. Following deregulation of energy marketsergy has started to be traded on the exchangestradihg facilities, which is also
reflected on Polish Power Exchange operating onRbésh market. Following the introduction of therBpean Union Emissions Trading
Scheme, Polish energy generating companies hedggrtbes of C@ emissions allowances with the use of foreign trgdiacilities,
especially EEX. Since two out of three CDS caresiis are traded on trading facilities, it seemyfgubstantiated also to introduce
quotations of coal prices in Poland. This papeaiimied to present the crucial aspects of shapingd pnees in Poland and on international
markets as well as to examine the impact of chaingesal prices and COemissions allowances on shaping power prices based
comparative analysis between Germany and Polanis. §thdy also includes the costs incurred by themimes by paying environmental
charges on waste resulting from their economicvégti

Nonetheless, it should be noted that those chadge®t affect the financial result. The analysishaf correlation has shown that the
price of electricity on the Polish market is pogly and strongly correlated both with the pricecofal and the price of COemissions
allowance, the latter correlation being strongequally worth noting is the strong correlation beemecoal prices in Poland and the prices
of CQ, emissions allowances. With regard to the confirfaedrather not very strong positive correlationtleen steam coal prices on the
Polish market and energy coal prices in the ARAezdrshould be noted that there is no liquid indethe domestic market, which hampers
efficient portfolio management of the spread orrgyneroduction by the coal energy sector

Key words:Dark Spread, price of power, price of coal, castbal mines of environmental charges,@@issions allowances.

Introduction

The development of the energy sector in terms efube of derivative instruments to stabilize finahc
performance encouraged creating similar opporesiithin purchases of primary power carriers,artipular
of coal which is one of the fundamental fuels iobgll terms. Perennial contracts have been, anastibeing
replaced with spot and forward transactions, wihivery on a specified date. This necessitatecttimstruction
of appropriate price indexes which facilitate moriitg and analyzing market trends as well reportémgl
modelling the behaviour of other entities (Shivkash and Hooman, 2018; Gavurova and Soltés, 20iakeS
et al., 2018), and which also are applied to cdinigpinside companies (Gonos et al., 2016; Stoyah?013;
Khouri et al., 2017; Rosova 2010). Owing to the@rindexes, coal-based power energy generating aoiegm
from Europe can effectively hedge their Clean D&pkead which includes three major constituentsptiee of
power, the price of coal and the price of nissions allowance.

On the European market, all these constituentdraded on transparent and efficient trading faesit
Poland does not offer any efficient hedging instents for CDSs under the assumption that coal has be
purchased in Poland whereas the derivative instnisrere based on international coal. Such soluedst help
to mitigate the risks (Domingues et al., 2017), @ng worth noting that similar steps are takenoiter
countries (Madzik et al., 2016; Kozina and Pieczgi#017). In keeping with the preceding, this papaimed
at evaluating the impact of changing coal pricebthe cost of C@Qemissions allowances on energy pricing.

This study presents the crucial aspects of shapmgrice of coal in Poland and on internationatkets. It
also examines the impact made by the changingmraas, the cost of Cemissions allowances as well as the
environmental charges levied on waste on shapiagptites of energy by means of a comparative aisalys
between Germany and Poland.

Calculation of spreads on power markets

In its simplest terms, the spread should be undedsas a difference between two flows of cash edl&b
the same asset or assets within the chain of gimgradded value. Hence, the spread may be therelifte

! Mariusz Andrzejewski, Patryk Dunal, tukasz Poptawsiculty of Finance and Law, Cracow University obBemics, Rakowicka 27,
31-510 Cracow, Polandhariusz.andrzejewski@uek.krakow,plunalp@uek.krakow.pllukasz.poplawski@uek.krakow.pl
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between the bid price (the purchase price) andattkéng price (selling price) of an asset. In theecaf the
energy market (to be precise, the energy generatngpany) spread will represent the difference betwthe
price of energy and the cost of fuel necessarytéageneration.

Due to the fact that prices of fuels are subjecfluotuations, spreads for energy generating cornggan
using various fuels are different. For this reasarjous spreads have been designated for enemgrajed
from various fuels. The value of spread for enegggerated from coal, that is, Dark Spread, is tated using
the following formula (Abadie et al., 2008):

DS = PE — PQPLN/MWHh] (1)

where:
DS— Dark Spread [PLN/MWHh]
PE — Price of Energy [PLN/MWHh]
PC - Price of Coal used to generate 1 MWh of eneRiyN/MWh]

On the market level, two values are necessaryiforgf the spreads: the price of energy and theepoit
coal necessary for its generation. The price of@nis the price quoted on a certain day. Withiteg, the price
of energy is volatile. Hence it would be opportuneset the value of spreads with the use of theagee
weighted price of energy in individual hours, ahd tveight would reflect the volume of energy salea certain
hour. Apart from the price of energy, the costudlfhas a decisive influence on the value of threagh In the
case of coal, that will be the coal reference pseee for a given place on the globe. For Westerrofan
markets, that price is commonly close to €fffice for ARA’ ports, as more amply explained further in this
study.

Once the price of coal, the price of energy, araterage efficiency of a power plant are familiais
possible to establish the value of the spread. &8israre calculated for a specified energy markiet most
cases; it is the market of one country. This is ttuthe fact that the power systems of individualirtries are
independent of one another. Hence there are diffepgotations for energy. The values of spreadgpabdished
by the agencies which specialize in collecting linfation on raw materials and power markets (fomgXa,
ArgusMedia). Those centers gather information freamious sources, and for that reason, there might b
negligible differences in quoted spreads.

The value of the spread is decided by the effigiesfca power plant, which in turn depends on thelkif
burnt fuel. The estimated efficiency ratio for cfiséd power plants is approximately 38 %. Form{@awill be
transformed once it is provided with the efficienayio. Because the price of coal necessary torgené MWh
depends on the price of 1 ton of coal and powert@éiciency, the following formula is used:

ER = PC / E [PLN/MWh] )

where:
ER - Efficiency Ratio [PLN/MWh]
PC - Price of Coal [PLN/MWh]
E — power plant efficiency [%]

After substitution we obtain:
DS = PE — (PC / E)JPLN/MWHh] 3)

In order to unify how DS is calculated within agls market, the efficiency ratios of a power plahbuld
be clearly defined. To give an example, those sdtio calculating German Dark Spread and Polistk[Sgread
stand at 35 %. The efficiency of 35 % of burninglcwas defined for coal of average calorific contef
6100 kcal/kg (1 Mg of such coal equals approxinyaiell MWh). In case of spreads published by brajera
agencies, the negligible difference between therifil content of coal accepted for Dark Spreactalations
and the one which is applied for setting transactiosts on fuel markets is of no substance. Thag¢éause they
are more a profitability coefficient for the whotelustry rather than for a single company.

The spread value should be adjusted by the co€@femissions allowance since that cost translates
directly into the price of energy generated frora tise of fossil fuels. It has been accepted thajetterate

ZCIF- according to Incoterms(R)2010: Cost, Insueaand Freight.
% ARA — main ports for European market: Amsterdamtt&dam, Antwerp.
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1MWh; it is necessary to burn fuels, which, in cakeoal, results in the emissions of 0.96 Mg,GOamargo et
al., 2018). The formula, including G@missions allowance cost, is as follows:

CDS = DS — C C@x 0.96[PLN/MWHh] 4
where:
C CO, — price of 1 ton C@emissions allowance
After substitution, the final formula for calculagj spread value is as follows:

CDS = CE — (CW/E) — C CX 0.96[PLN/MWHh] (5)

The CDS coefficient may serve at least two functioBn the one hand, it shows market trends in these
areas based on which allows predicting indirecgut the future prices of energy and profitabilifyenergy
generation. On the other hand, it allows powertglass well as other entities operating on the maddkeedge.

Determinants shaping energy prices and the struct of costs of its generation

One of the most important elements of the functigndf the mining industry is planning (Nehring &t a
2018; Pawliczek et al.; 2015, Straka et al., 267 financial issues (Czillingova et al., 2012pasally the
sources of financing (Markulik et al.; 2018) andommation aspect too (Matkus and Wawak, 2015).He t
process of making decisions in mining industry, solely financial ones, more and more importane ral
attributed to various coefficients (Vilamova et @016, Sanchez-Gonzalez et al., 2017; Zimon andibgues,
2018) and methods (Johannsen and Fill, 2017; Lohnnaad Reichert, 2016; Camargo et al., 2018)udinh
multicriteria ones (Straka et al., 2014), even tjioin Poland and Slovakia the human factor (sauoidl political
factor) (Cehlar et al., 2015), remains a signiftoadeterminant.

The value of CDS depends on the cost of energyrgéae in a power plant. Hence, each energy
generating company may assess whether their spiestds, profit made on 1 MWh is lower or highban the
market average and look at their competitive achgatelative other entities. Energy generating amgs who
wish to use spreads in their analysis of profitgbidnd production should observe the following qadure;
when spread on the market is too large, that is, hore than sufficient to cover variable and dix@sts, it is
beneficial to generate energy from a chosen fudiefivthe spread is too little (or adverse), andoi#sdnot
suffice to cover even variable costs, then it igenoeneficial to halt energy generation and sell fiurchased
on the market or store it till spread has becomgela Such a solution is not feasible over a speriod of time
since a power plant cannot simply have their polalecks switched off to offset current changes afead
values. It is beyond any doubt that in the longntespread value should remain above a certaindjguhich
varies from plant to plant as each of them hasetar lsertain costs, apart from the cost of fuelensary for the
functioning of the whole facility. Clear values sgreads show merely the profit (or the loss) oassaf energy
and they do not include other costs of a powertpligure 1 presents the structure of costs ofggngeneration
depending on the type of fuel.
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Fig. 1. Energy generation costs, including emissitrading.
Source: Authors’ elaboration based on T. RistoAka, Comparison of electricity generation costappeenranta University of Technology,
Lappeenranta 2008, p. 9.

All three variables used in the calculation of sgie- the price of coal, the price of €@missions
allowance, and the price of energy, are marketabdas on the international markets and as sucl, ates not
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dependent on the decisions made by the individaaket entities. The market price of energy, whelubject

to cyclical (daily, annual) fluctuations exert thiggest impact on the value of spreads. That phagends on the

following variables (Lorenz and Grudzki, 2009; Straka, 2010; Blistan et al, 2012):

« ambient temperature (the season of the year) amghalver of wind in places where wind turbines have
been installed (the impact on coal-generated energyerit order ), merit order — a system of clfisation
of the available resources in the context of pogeareration, with reference to the cost of genematised
by the operator of the national power generaticstesy. In a centralized system of grid managemient,
means that the facility with the lowest marginastschave power fed to the grid first to meet theaied,

« water level of rivers (as a source of hydropowed aiso a cooling agent for Main Activity Producer
Electricity Plants ), such incident occurred in @&ul in August 2015, when due to high ambient
temperature and low river water level, power plantBotaniec and Kozienice experienced difficultigth
cooling (and consequently with power generation),

» the profitability of coal-fired power plants calettéd with the sales margin in Main Activity Produce
Electricity Plants (CDS),

e the global volume of energy generation by nucléants and renewable sources,

e scheduled overhauls of power plants and their reaamice (usually they are scheduled for the perfod o
lower energy and heat consumption). Also, randorfumetions of power generators and disruptionshef t
transmission grid,

< limitations in global rail transport of coal frorng mines to the seaports,

* changes in ocean and Mediterranean freight change$he cost of rail transport,

e currency exchange rate fluctuations.

The prices of fossil fuels are not subject to @allichanges. They are dependent on the long term
expectations of the market participants about suppd demand for a certain fuel. A similar situatimay be
observed on the market of emissions allowancesprioes of allowances much depend on the curremiauic
situation. With the increase in the demand for gndimcluding energy generated by burning fossdl$), the
prices of allowances should rise. By comparingtkiiee constituents, we might try to assess theevafispreads
on the energy market.

When the price of one constituent changes due tofmadamental factors (for example, owing to the
changes on the stock exchange or a rapid incragbe iconsumption of energy caused by a rise/df@mbient
temperature which result in boosting energy prigejeads may be subject to volatile changes ovdroa s
timeframe. That is because the other factors affgdhe volume of spreads will not adjust to newditons.
Due to that volatility, spreads may reach negatizkies within certain timeframes. However, suctit@ation
may not persist for too long as power plants wawd find energy generation profitable. A smalleppiy of
energy would contribute to raising its price, whichturn would result in the increased spread asloring
profitability.

The above premises refer to an energy generatingpaoy which sells energy and buys fuels on the spot
market. In this way, they help to show the curpofitability of energy generation with the useaofertain fuel.
Nonetheless, fuels are purchased in advance wdthigh of futures contracts. For this reason, ptiegspaurrent
values of spreads in the situation when a powentflas to generate a certain volume of energy isvary
helpful for an energy generating company in detemmgj current profitability of energy generation.€eTituation
would change once a power plant was in a positiom¢rease or decrease the volume of generatedyener
Under such circumstances, it could react to theeatissituation on the market and adjust its outputhis point,
the analysis of the volume of spreads might beulisefadjust the volume of output to the grid. iew of the
fact that energy is a commodity which may not lmeest, such a solution is not feasible for a greatsnber of
power plants. Once a massive adjustment of enangplg is not an option, the use of hedging may Hee t
solution. By gathering market information on th&ees of energy, correlating it with the forecastd anstituting
proper hedging instruments for the purchase ofsfaeld energy sales, an energy generating compagy ma
successfully predict future profits and the costsperation.

The greater the diversity of fossil fuels burntgmwer plants, the greater the opportunity for cli@gmghe
type of spread on the market. For this reasonysiecof spreads will depend on diversification afrgy sources
on the market.

The methods for setting coal prices on the Polismd international markets

International trade of energy coal is organized tvgaling facilities which allow transactions wittdine
necessity for the parties to meet face to faceb&@OAL, a partnership headquartered in Londongcivivas
founded in April 2001 by a group of participants time international coal market, operates in thisaar
Transactions are made via a dedicated computeeraysathich allows its users to bid in real time witie
adjustments for the quality of coal.
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Due to supply and demand forces, global tradinditias (mainly globalCOAL and ICE) conduct buy-kel
transactions. Information about those is aggregatedorice indexes. In economic sciences, a pridex means
a mathematical formula, most often expressed withraetic mean or weighted price of a selected profi
commodities. It is worth noting that an index maydiructured either on a wide range of commodiietheir
single class. On international markets, coal pitgiexes express energy coal prices relative todsralized
quality (ICIS Services, 2018).

The most popular quality benchmark is coal with kirmg calorific value of 6000 kcal/kg (25.12 MJ/kg)
and sulfur content below 1.0 %. On internationakkats, coal price indexes are based on the apiolicaif
Incoterms®2010, which have been described furtinéhis chapter. Exporters prices are expresse®&s(Free
on Board), whereas importers prefer CIF (Cost laisce Price) in the port of entry (Lorenz, 2009).

API (Average Price Index) elaborated by Traditionafcial Services in 1997 (Hiemstra, 2004) is thesm
commonly recognized coal market indexes. APl indegee typical derivative indexes based on weekly
coefficients published by Argus Coal Daily and Magitey Coal Report. For the European market, ARTIE (
ARA) index is most appropriate. It has been stmeduas an arithmetic mean of two indexes; Argus S&RA
and McCloskey’'s NWE steam coal marker. APl 2 iseldasn the working standard coal calorific value of
6000 kcal/kg (25.12 MJ/kg).

As they are widely recognized on the market andestitbo daily quotations, the above index is comiyion
applied in risk management. This has been provednbking that index a benchmark price for financial
derivatives such as forwards, swaps or futures.

Unlike the international markets, in Poland, energsl prices are mutually negotiated by the partieshe
command economy which operated before the econtmamsformation of 1989, coal prices were arbityaril
(Blaschke, 1999 and 2000) set by the Minister ofiilty, and approved by the State Price Commissionefiz,
2011). Since 1990, price formulae started to bel uiseoal trade; these were mathematical formupgdied to
calculate the price of coal with the use of quatiyameters. According to the new formulae, theepoif coal is
adjusted to ash and sulfur content as these pagesrate crucial from the exploitation and environtakangle.

Also, buy/sell contracts stipulated thresholdsdolfur and ash content. Once the thresholds weseesbed
in a single transaction, the seller would grantlibger a discount, for example, 1 % off the primedach 1 % of
ash over the permissible limit. Such a solution adspted from the international trade practice whbe coal
calorific content reference price was set for aigth 6000 kcal/kg, ash content 12-15 % and sulfintent up to
1%. Hence, the transaction price of coal dependethe volume of deviation of quality parametergarirthe
quality of reference (model) coal. Additionally.etiprice of coal depended on a special We coefficiehich
was set to promote coal with lower ash contentt Tdranula, popularly called Blashke formula, wasptdd as
binding for the domestic energy coal trade in M&@Q by the decision of the then Minister of Finance
(Blaschke and Ney, 1998).

At this point, it is worth mentioning that the bagirovisions of the formula which was to promote lo
sulfur and ash coal were off the mark in view gjth{over 30 %) inflation and devaluation of Polehrrency.
Paradoxically, the too large price differentialaafal with a low or high content of ash and sulfesuited in
dropping demand for the former, which brought t&uit opposite to what was intended (Winkler, 2011)

It should be mentioned that in 1992 coal priced?atland were freed, and the use of the 1990 pricing
formula was no longer mandatory. Neverthelessutieeof formulae had become accepted market praetice
price formulae were still widely used in purchasd aale transactions of steam coal.

When Poland joined the European Union in 2004, lleggulations and numerous aspects of the markets
were attuned to EU standards in various areaseoétionomy. The coal mining sector, by large emlshtigon
disintermediation, with coal mining companies einigginto large contracts directly with main actjviroducer
electricity plants. Likewise, the mentality undénly the planning and contracting quantities of \deiies
changed. The change consisted in the fact thaggrggnerating companies no longer bought coal bytah,
but rather purchased chemical energy containeldeircoal, viewing coal from the angle of the purpofsenergy
generation. This change in mentality resulted ichangeover in how coal prices came to be calculatédee
prices were quoted in Polish zlotys per gigajoBleN/GJ) instead of the hitherto quotation in Polsfitys per
ton of coal (PLN/). It is also worth mentioningathas the internet matured and became a houseaoid,rcoal
mining companies began posting their sales offartheir websites (Lorenz, 2009). Price lists arpraped by
the companies’ management boards based on theqgiriederence coal in the coal class with a calorBlue
exceeding or equal to 21 MJ/kg and sulfur conténtpoto 0.8 %. Prices for various classes are taed as a
function of calorific value and sulfur content gmeésented in the form of a price matrix.

It is worth noting that price lists contain potahtprices for spot transactions on the FCA coalntiasis
under Incoterms® 2010. At the moment, no forwarctpase and sale transactions are being arrandealand.

In long-term contracts, use is mostly made of theiq@y above formulae, taking into account changefiel
markets as well as in the domestic and global eogndn the case of large customers, purchase peces
usually agreed during trade negotiations in whibke tlecisive factors are: current market price odl,co
contracted volume, contracted coal quality spedfifi;, delivery period, Incoterms® 2010 terms ofidgy,
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payment terms and the parties’ financial standing) assessment of the resulting credit risk. It dstlv noting

that in the case of public or municipal customerm! purchases are made by way of tenders basedidic

procurement law. Tenders are also used for snalieate customers, in particular from the indussector.
There have been several attempts in Poland toeceeastional coal price index. Particularly notadle the
following:

1. Polish Steam Coal Market Index PSCMI (Polski Indémku Wegla Energetycznego) - an index of
historical quotations created as a result of thapeoation of the Polish Power Exchange plc (Towarow
Gietda Energii S.A. -TGE), Industrial Developmergekhcy (Agencja Rozwoju Przemystu S.A. - ARP) and
the GSMIE Institute of the Polish Academy of Scien¢PAN) in Krakow presented at a 2014 conference
on "Issues of fossil fuels and energy in the naiic@onomy" held in Zakopane (Paszcza and Olejkjcza
2014) and available at www.polskirynekwegla.pl,

2. the concept of fixing thermal coal prices in Polamdthe basis of the index of coal prices on theogean
market - a concept by A. Boalski and P. Dunal (2006) presented in 2016 at timéetence on the "Issues
of Fossil Fuels and Energy" held in Zakopane ogthby the Polish Academy of Sciences and propasing
pricing formula based on the API2 price index, vahigould lay ground for the publication of spot and
forward prices as well as conclusion of hedginggeations in coal trade (Boatski and Dunal, 2006).

Summarizing the considerations in this chapteshduld be noted that increased trade on interreltcoal
trading platforms has inspired groups of expertsriate price indexes of thermal coal, which comsts the
main source material adopted for empirical studiédce indexes are a very important analytical tool
constituting the basis for market players’ pursefitthe transaction, investment, and financial petic The
importance of coal price indexes is continuouslgwgng due to their proliferation and improvementtbéir
construction. The increase in the transparencyndifzidual markets as well as the creation of oppaties to
reduce the risk inherent in economic activity doeptice volatility arising from the development giobal
financial markets indicates that the introductidrcoal price indexes has proven to be a succesdrg&jewski
et al., 2015).

Analysis of short-term correlation of prices of enggy, coal and CO, emissions allowances

In line with the objective of this study, an anadysvas made of the short-term correlation of prioés
energy, coal, and GCemissions allowances. The most popular price iegdrr individual CDS components
were selected for the analysis, which were consitleas the most representative and reliable infoomat
regarding the discussed market variables. The sisaompares the Polish and German markets. The two
markets have been selected for comparison becdubeio proximity to each other (Germany and Polane
neighboring states), as well as because Polishuperd of coal-powered electricity acquire £€missions
allowances via the German EEX platform. The analissbased on data from EEX (European Energy Exghan
as regards energy prices in Germany and €@issions allowances), Polish Power Exchange (Tama Gietda
Energii -TGE as regards energy prices in Polandyu# Media (as regards coal prices according toAfRER
CIF ARA index) and ARP (Industrial Development Aggnas regards coal prices on the Polish market).

It should be noted that for steam coal prices,ett@e no liquid price quotations on both the Potisd
German market - for this reason, the API12 CIF ARAeax was used for the analysis. In addition, Patisinket
participants carry out transactions on £&nissions allowances using EEX, as there is nodiqarket for this
asset in Poland. The analysis utilizes the Peacsorelation coefficient and covers 13 months betwaeril
2017 and April 2018. The results of the correlatimalysis are presented in Table 1.

Tab. 1. Short-term correlation analysis of pricésoal, energy, and CQllowances.

Pearson correlation April 2017 — April 2018

API2 CIF ARA vs. Polish coal price 0.41
EEX energy price vs. TGE energy price 0.68
Polish coal price vs. TGE energy price 0.68
API2 CIF ARA vs. EEX energy price 0.72
CQ; allowance vs. TGE energy price 0.77
CO, allowance vs. EEX energy price 0.45
CQ; allowance vs. Polish coal price 0.86
CQ, allowance vs. API2 CIF ARA 0.38

Source: author’'s work based on EEX, TGE, Argus He8iRP data.
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Based on the correlation analysis, the followingatosions can be drawn:

» there exists a relatively weak correlation betweeal prices on the international market and thdsRol
market (0.41),

e there exists a relatively strong positive correlatbetween the energy price in Germany,

e and the same in Poland (0.68),

« the price of electricity in the Polish market issfiively and strongly correlated both with the priaf coal
(0.68) and with the price of G@missions allowances (0.77), the latter correfatieing stronger,

« the price of electricity in the German market isifigely and strongly correlated only with the mriof coal
(0.72),

* the strength of correlation of the electricity grion the German market and the price of, @@issions
allowances is weak (0.45),

« there is a strong correlation between coal pricd2aland and prices of G@missions allowances (0.86),

« the strength of correlation of the coal price ie tihternational market and the prices of ;G&€nission
allowances is weak (0.38).

Costs to coal mines of environmental fees levied @onomic activity in Poland

The costs borne by coal mines consist of severst types, including the particularly interestingstsoof
environmental fees levied on the pursuit of busredivity in Poland. It is widely alleged that thasts of waste
generated by the mining industry constitute a hdawglen, which is why these charges are analyzeainof
the paper. In the general opinion of people, tlrests are among the most important elements ofdlemix.
In 2016, Poland generated 140 million Mg of wasfewhich 8 % was a municipal waste (12 million M§jnce
2000, the amount of waste generated in Poland dxa municipal waste) ranged from 110-130 millidig.
The 128 million Mg of non-municipal waste in 201@&ans a 2 % decrease in 2015. As in the previous yte
main sources of waste in 2016 included: mining qunarrying (about 52 % of the total generated wak#g, is,
72.8 million Mg), industrial processing (21 %) agl@ctricity production and supply (16 %). In thetldecade,
the largest share in the amount of generated westdoeen waste generated during the exploratidraation,
physical and chemical processing of ores and atfieerals (56 % in 2016) and waste from thermal gsses
(22 %). Out of the total amount of waste generate2D16, 49 % of waste was recovered, 42 % wasodesph of
via storage, and 4 % was otherwise disposed of§2ACSIGW, Narodowy Fundusz Ochror§rodowiska i
Gospodarki Wodnej, data).

Based on data from the Central Statistical Offiearpook 2017, in 2016, Poland generated over Gibmil
Mg of mining waste. In this case, the authors raata from all provincial marshal offices — basedlendata, it
appears that fees are only paid in the provind@adfioslgskie.

According to art. 26.3 of the Mining Waste Act, r@gards inert mining waste other than hazardous and

inert waste and waste not contaminating soil, trevipions of the Environmental Protection Law reljag
charges do not apply, which means that the stashgech types of mining waste is not subject toirmmmental
charges levied for waste storage. However, thelaéigas are different in the case of hazardous mginvaste
for which fees (and increased fees) are mandatoeytd the use of the environment for waste storabes
situation occurs only in Dolstyskie province, where the fees totaled (averageenuyr exchange National
Polish Bank ratios from the end of each year):
e 2013 -4330 PLN (1044 EUR, by EUR/PLN 4.1472),
e 2014 -8923 PLN (2093 EUR, by EUR/PLN 4.2623),
e 2015-9171 PLN (2152 EUR, by EUR/PLN 4.2615),
e 2016 - 8510 PLN (1924 EUR, by EUR/PLN 4.4240),
e 2017 -1080 PLN (259 EUR, by EUR/PLN 4.1709).

For comparison, at the same time, total waste gtofees constituting a charge for using the enwiemt
are presented in Table 1. They were the highexd14-2015.

Based on CSO data, the overall volume of waste y#aa-by-year basis remained more or less unchanged
so based on this simple analysis, it should bedtdte that the costs to coal mines of environnhée¢s arising
from waste management related to the pursuit afi@mic activity in Poland are negligible as compaiedther
costs — they are in thousands of zlotys rather thamillions, and do not, therefore, constitute,ctsimed, a
heavy burden. Based on the analysis, it shoulddiedsthat the impact of environmental chargesmMaste on
the price of electric energy is equally negligible
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Tab. 2. Total waste storage fees constitutingagd for using the environment in 2013-2017 by agship (province).

Voivodship 2013 2014 2015 2016 2017
Dolnoslaskie 3 007 448 4 615 841 4 069 391 3236 629 2774 241
Kujawsko-pomorskie 1789 633 2 350 599 2416 800 1994 074 1379796
Lubelskie 1571129 2286 342 1733 485 1206 589 767 087
Lubuskie 1104 969 1 566 850 1447111 1305 025 947 044
todzkie 6 677 684 13 456 336 14 792 244 16 205 767 15 363 163
Matopolskie 2 332 641 2 845 833 2411 271 2747020 1638 264
Mazowieckie 3076 960 3 923 566 4 005 355 3 545 675 3224 806
Opolskie 1111610 1396 499 1207 949 1547813 872 602
Podkarpackie 1773 044 1543 357 1586 661 1574 453 986 285
Podlaskie 591 707 887 688 1001810 1 026 683 978 951
Pomorskie 2598 741 3 704 007 2 666 300 2902 082 1731197
Slaskie 3423 642 6122 611 6 495 613 5 844 983 4725 149
Swietokrzyskie 768 415 787 163 889 050 832 142 647 680
Warmi nsko-mazurskie 1254 884 1622478 1592 788 1389 949 1 338 442
Wielkopolskie 5546 521 9 878 363 10 690 589 9123 781 6218 738
Zachodniopomorskie 4 535 545 4 937 863 4701592 5320515 4 840 908
Total 41 164 575 61 925 396 61 708 011 59 803 180 48 434 353

Source: NFQIGW, 2018 data.

Summary

The analysis of the correlation shows that theepd€ electricity on the Polish market is positivelpd
strongly correlated both with the price of coab@).and the price of CQemissions allowances (0.77), the latter
correlation being stronger. Equally worth notinghie strong correlation between coal prices in Rbland the
prices of CQ emissions allowances (0.86).

With regard to the confirmed but rather not verpisg positive correlation between thermal coal gsion
the Polish market and energy coal prices in the ARRAe (0.41), it should be noted that there isiguaid index
in the domestic market, which hampers efficientfpio management of the spread on energy produdtiothe
coal energy sector. In international markets (iditlg the ARA zone), prices of coal and derivatinstiuments
are a consequence of the needs related to seddBx& In the wake of the deregulation of energy ratk
energy has come to be transacted on commodity egelssand trading platforms, which is also corrotaatédy
the existence of the Polish Power Exchange (TGEyaijmg in the Polish market. Following the laurdhthe
European Union Emissions Trading System (EU ETS8lisP power generating companies hedge the prites o
CO, emission allowances on foreign trading platforingparticular on the EEX. Given that the tradeweb tof
the three CDS constituents takes place via trapiaiorms, the need to introduce quotations of qoales in
Poland also seems to be fully justified.

One advantage of high market liquidity is thatriseres a fair and representative valuation of argivaded
commodity and transparency of information on théenmence market price. The very existence of such
information permits the effective allocation of sesces in the economy, in particular with regarcassessing
the profitability of investment projects and detarimg business strategies. There is no price indeke Polish
coal market, which would provide a reliable referemprice and permit effective price risk managem&he
main obstacle standing in the way of its introdurtis limited access to information on transacti@sswell as a
lack of a clear methodology for its determinatibue to the high concentration of market power i thnds of
a small number of entities in the fuel and energgta and the resulting low degree of liquiditytie Polish
coal market, the concept presented by A. Baskieand P. Dunal (2016) regarding the connectioooal prices
in Poland with Europe's most common and widely aekadged API2 price index based on the price foanul
seems to be justified. The main reservations voibgdthe players in the Polish coal market about the
implementation of such a solution regard price tiitha arising from international factors, includ in
particular the rate of economic growth in Asian miigs. It should be explicitly affirmed here thiie
development of risk management systems in busem#ses offers a positive hedge against pricetiiia The
introduction of a pricing formula linked to the APindex does not mean that producers (coalminiotpeeand
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consumers (energy sector) of coal must be expas#uktrisk of price volatility. This risk can betsferred in
an effective, and even total way to intermediadad financial institutions operating in internagmarkets,
which boast high-risk management skills and masfnancial capabilities. Effective price risk masanent in
Poland will lead to stability and predictability wfining and energy companies’ results (Dunal, 2018)

Referring to the wholesale electricity market inlapal, it is worth adding that it currently relies o
contracts that are settled after the actual defjwehich essentially curtails the possibility of Itquidity growth
and the potential for the development of finanpiaducts that could be used to effectively managerisk by
electricity generating companies. Therefore, theeltmment of the financial segment of this market i
becoming a precondition for boosting not only tigildity of the wholesale market but also for irasing
access to products that best meet the financialmsnagement needs of trading entities (Wojtkowstde] et
al.,, 2014).

As regards the costs of environmental charges fastevarising in the course of business operations i
Poland as borne by coal mines, it should be stdtatithese charges do not affect the bottom lisethay
account for a very small amount and percentag®sisaelative to other costs. Based on the abbgépuld be
stated that the impact of environmental chargesvitste on the price of electric energy is equadigligible.
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Possibilities of Increasing of Ecological Conditionsin Mining Environment
by Reconstruction of the Present Engine DH30

Matej Kucera®, Milan Sebok®, Miroslav Gutten®, Daniel Korenciak® and Stanislav Lukac?

Solving the problems of increasing requirementsransport, while respecting actual environmentenié, new solutions are being
looked for to make an optimum mutual equilibriunmef the possibilities of increasing ecologicahditions, which are decreased by
means of transporting a mine, shows this contridsuthat suggests a reconstruction of the originabkel-hydraulic engine DH30 to two-
system drive and hybrid drive. In the reconstructia DC and an asynchronous engine are suggestetraaon engines. This
reconstruction of the drive means not only increathe ecological conditions in the mine but aspability to use biofuel made from a
crop that grew on contaminated soilhe aim of the reconstruction is to replace the fwoestion engine and hydraulic distribution with an
electric drive while traction characteristics witmain at their valuesA one-engine traction drive with an asynchronougies with short
circuit armature is regarded as one of the mostspeztive for an output range from several W up W.NBy using the asynchronous engine
powered from semiconductive changer the problepulsing parts of torque is dealt with regulatiorid reconstruction also means energy
saving. This system also improves storing and pugattion with oil production in the mine.

Key words: mining environmenhybrid drive, distribution of traction output, traport

Introduction

Requirements demanded by production plants regandiinerals are currently rising, which results e t
increasing traffic intensity of material flows inimng companies. Therefore, an alternative to #ired of
transport must be searched (Turnbull D. A, 2013)e Tnterplant transport of mineral raw materialaygl an
important role in the mining process carried outriming companies (Andrejiovét al., 2015 Investments in
new transportation systems are required only abfiening of new deposits or due to measures inagaise
strictness of ecological limits. The investmentiemvment connected with the mining industry is quinique
when compared to the environments of other typpeatuction industries (Cehlar et al., 2009). On dliger
hand, however, this transportation mode must aésavell dimensioned, so that the material flow isoeth,
efficient, and cost-effectiveDfottboom, 2013)Reducing the cost of resources in solid miner&alagkion is an
urgent task. For its solution is possible used stigiapproach use to management of mining compdiny a
resources, including extraction processes, transponeral handling, and storage (Tyurin, 2017)ndfejiova,
2016). The selection of the mode of transport favimg bulk materials is never a simple task asetheme
various concerns/considerations applied to thecBete of the most practical and cost-effective maufe
transport to be used to move bulk materials (Vérk2005). Belt conveyor system technology is adqggiits
specific place in the in-plant transportation sgsten every company and represents a stable mairadtay
efficient in-plant transportatio(Gruji¢, 2011). The development trends in the field of conveyort bedar, in
terms of disruption damage, are mostly focusedhenirinovation support systems of damping componefts
buffer beds with impact rubber baksdndek et al., 2014)mpact bars are an essential component of innavativ
buffer beds suitable for several types of belt @yavs (Marasovét al., 2017Ambrisko et al., 2017GGondek et
al., 2014).Maintenance cost reduction can be achieved by imgments in utility properties of conveyor belts
(AmbriSko et al., 2016), (Griova,2014).

The demand for the quality of the environment hecently increased. This fact evolved its impact on
criteria of devices that change energy from oil dutts to traction energy. The present state-ofatthe-
transportation systems used in hard coal mines a@in and divisional routes were discussed in corspario
the conditions from previous years. Current develept trends in the aspect of more and more extenseadf
Diesel engines as well as resulting limitationseni@dicated in work (Pieczora, 2008). In the léeti directions
of R & D work, which is aimed at designing new Bikand electric drives were specified. The aimhef work
(Arsentiev et al., 2017) was to study the possibdf using induction motors with reduced voltagever supply
for traction electric underground mining locomosiyéo determine the conditions of conformity of imeaical
characteristics of induction traction motor withdueed voltage regarding the characteristics ofamdstrd
voltage.
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Mine engine with combustion engines, which arepcsl representative of a moving detrimental erissi
producer. Results of researches and monitoringnoke particles in exhaust gases as well as the anésrh of
their creation and their influence to human bodyaman intricate problem that is necessary to s(fweera
and Saly, 2000). In general, these solutions cbalcthade in two ways:

e by increasing of the efficiency both ventilatiamdaair conditioning of subterranean spaces,
e by decreasing of detrimental emission.

The first suggestion is highly economically demaggitherefore, the second suggestion should bentake
into consideration. One of the ideas which couldpplied to this problem is using of two-systenctin drive
powered from electron accumulator (Kucera, 1996).

One of the main goals of underground rail transp®rto achieve marginal traction characteristics of
variable frequency induction motors in conditiorighe limited magnitude of the supply voltage of ttontact
network DC of underground transport for electrisafety reasons (Arsentiev, Baranov, Vilnin and kdad
2017).

Also, electric motor, electronic converter, and ctaie battery were studied for mine locomotive
(Matyuschenko, 2016), (Frivaldsky, M., Drgona, $panik, P., 2013).

Development trends ecological conditions in theingjrenvironment are primarily focused on the energy
consumption reduction, structural component mdtsasaings, reduction of the negative environmeirtgdact
service life extension. Assessment of transporasipstems for minerals may be carried out whilehapg
several methods (SFRA, monitoring, thermovision pratedures, especially the simulation and matheaiat
modeling (Kodali, 2001; Lysenko, 2005; Wereliusadt, 2008; Wang et al., 2009). Appropriate tools ar
available to identify the process of damage to ted@wotors, transformers during operation (Gutte®Q7
Huynen, 2004; Gutten et al., 2009). Electromagresiimpatibility and functional safety can no longertreated
as two separate disciplines when electrical ortelaiz systems are considered performing safetted|
functions (M. Kucera and M. Sebok, 2012). Reliatperation of electronic equipment at various tedbgical
and operation conditions requires a safe operatioicommunication devices. Information transferomatic
processing, and data recording are exposed tonuettal influences from various sources iyrJ. et al.,
2011). Disturbance effect of environments showsanted bonds, interference noise, resonance arsliticsal
phenomena that may cause incorrect operation a@treféc equipment, distortion and degradation ofada
transfer and its recording and in extreme cas@saatiestruction of the equipment (FEMV, 2002). Ateyn that
is perfectly reliable, but not electromagneticalbmpatible has no practical use (Vaculikova, Pcud&, 2003).
This paper deals with a device for online, realetimnalysis of recuperative current with the useaof
microprocessor. This system is used in railwaygpant for measurement and analysis of recuperativeents
from converter in railway engine. Recuperative ents from converters in railway engines flow througil
back to the distribution point. Content of higharrnonics in these currents must not exceed limiggified in
international standard UIC 550-3, so exact measen¢@nd analysis of this harmonics are necessanpoBed
device uses a microprocessor for real-time measmemnd analysis of recuperative currents (Gutteal.e
2017)

The paper presents the results of changing enalges of W-10 switches for various design solutiofis
their contacts (Kozak et al., 2012). The experimédratve been performed on a computer-supporteddestind
described in (Zukowski P., Kozak C., 2010). Theimgscycle consisted in recording characteristitswrent,
voltage drop and temperature of a normally-closeeldf contact as well as the real-time arc enerdyesfor
each switching cycle at the direct voltage andefaery 20th cycle at alternating voltage. The mearsents have
been performed at the voltage of 120 V in ordeawoid incessant burning of the arc at direct vatadg the
process of performing measurements for direct geltan automatic change of polarity has been appliehe
starting of each subsequent switching cycle. liofe$ from the obtained measurement results (Zukowsk
Kozak C., 2008) that at the positive polarity of fixed contact the mean arc energy value has bigdger than
in the case of negative polarity. The paper prsséreoretical and experimental analyses of a plessifect of
the short-circuit forces on the transformer wind{Agumugam, 2014).

Analysis of the evaluated traction drive for Engine DH30 system

Considering a present economic status completeirgiion of pollution in mining spaces caused by
exhaust gases from the DH30 Engine (Fig. 1) conlg be done by reconstruction of the Engine.

The aim of the reconstruction is to replace the lmastion engine and hydraulic distribution with decéric
drive while traction characteristics will remaintheir values. Scheme of such reconstruction, wheresource
is energy from electric/accumulator batterieshisvged in Fig. 2.

The batteries are recharged while the engine oggerat a cabled section of a route. Braking withuthe of
a recuperator decreases demand for energy anddextee life expires of traction wheels. An impottan
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parameter which essentially determinates the adesibn of traction batteries is the time spenthenuncalled

route and their energy requirement.
%J DH30 §0J00
o - &

. ool T I0

p— 90
480 900 490 |
235 870 1870 870 - . 235
4080

Fig. 1. Basic dimensions of DH30 Engine.
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traction motor  mechanical
152 KW, 220 A, 80V  interface

(:) Fy=11.76 kN * 10%
i [¥, v=0-12 km/h
battery invertor

ATB *

84V, 160 Ah
’ cart wheel

Fig. 2. Scheme of electric traction circuits of treconstructed, two-system engine DH30.

Drivewith DC Traction Engine

Exploiting of DC engine in traction applicationwsell known. Using of power electronic it is possitib
supply such drive that the energetical loadinglecteo accumulators will be at a minimum. High-quyapower
transistors/current loading 400A, voltage 120V,vgaically separated control element excitement e o
integrated box together with power part/ and tlaility to work at the frequency of 20 kHz, thatabove a
human hearing level, enable reliable and noiselpesation.

Fig. 3 shows a scheme of connection of the DC enwiith the independent exciter. The excitemenhef t
engine is powered from a 4-quadrant changer. Thruatrof voltage is controlled by a 2-quadrant clean@his
scheme is used in applications, where quick chaniyom drive to the braking regime is necessary.

Inverter

Igtilet

Batteries — -

Engine

j Microprocessor/dedicaled logic circuit
7~ -

Hall element

T Position information | :
A | Hall elements

Fig. 3. Scheme of connection of the DC engine iwitpendent exciter.
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Drive with an Asynchronous Traction Engine

A one-engine traction drive with an asynchronougire® with short circuit armature is regarded as ohe
the most perspectives for an output range fromra¢W& up to MW. According to its output, regulaticsinge,
kind of loading, quadrant characteristics, dynatmegquirements, etc., an array of solutions ari€owacz A.,
2019).

Each solution differs from one another with a kiofdfrequency changer, way of control, and technical
devices. In the motoric regime, the changer chaimgag DC values to AC values of different ratesquency,
and the number of phases. In case of electric bgakihe engine changes to the generator. A scheme of
connection and control of the asynchronous engime Fig. 4.

Clarke -= Clarke transformation
Clarke™ = Inverse Clarke transformation
Park  -> Forward Park transformation
Park® = Inverse Park transformation

Rotating Reference-Frame

Applied Stator AC Voltages
Stator Voltages Y PP \
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Park 24> 24 # DC

Field Iy Flux Va d, g Vo Clarke™ or Vupwms
{ —Iwi)—h — - -
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ly
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Measured Stator
AC Currents

Fig. 4. Scheme of connection and control of thaelsronous engine.

Design of hybrid traction drive for DH30

Using electro-petrol and electro-diesel enginemines have been used for more than 70 years. Téte fi
electro-petrol engine in Slovakia was introduced e Mine Hodru3a in 1928. The output of a 4-strpk&ol
engine was 5.85 kW, and a clutched dynamo had gwubof 6.2 kW that produced a voltage of 380 V. An
Electro-diesel engine was used in Slovakia forfitis¢ time in the year of 1934. This system of tiae drive has
been used until the present time by the termsaoffort requirements in the mine.

In a similar principle is based on the proposedmstruction of the mining engine DH30 (Fig. 1). The
essence of this reconstruction is replacing of dhiginal diesel-hydraulic drive unit with the eleztdiesel-
accumulator unit where the asynchronous enginethetsraction engine. A block diagram of the eliealrpart
of this reconstruction is in Fig. 5.

combustion
engine
~ invertor = asynchronous
DM FAGH 7. motor

asynchronous L a3l — @
mechanica
generator DBHFF interface | MP

[TR] [TK] cart
=0 O wheel

Fig. 5. Block diagram of the electrical part ofglieconstruction.

66



Acta Montanistica Slovaca Volume24 (2019), numbet, 63-71

Capacity ATB is less important with hybrid tractidrive compared with electric drives since the eagilso
provides capacity. Therefore, the battery can betmamaller, saving weight. However, the battery s be
required to provide the same instantaneous powéheasV battery from time to time. This means ttrat
smaller battery must deliver much higher currerttervcalled upon.

Analyzing typical traction drive for miningtrain

In the Fig. 6, there is depicted one period of mmatipower output demand, where particular partition
tome axis mean:

T Pt max
.
P Pt

P " B

Pat max - : N
/T H ~—Pd out
Pain/ " ; '
U ' . L .l.
A B CD E FG H 1t =

Fig. 6. One period of maximal power output.

A- Traction alternator charges ATB and combustibleanaiorks with constant outp@ynas

B-C: The demand for power output started to ineeedn consequence of this demand, speed stariseto
and the traction generator is excited. The generaés given an impulse to increase the asked \a@flue
current for the asynchronous motor.

C: Maximal output for the asynchronous motor &cteed from the combustible motor.

C-D:  On behalf to cover power output demand, tireezt for charging ATB have to be decreased.

D-E:  Output is constant, and the taking curreattstto rise.

E: At this moment, the combustible motor is ablsupply maximal power output.

E-F: Power output decreases and together withlststhe asked current from ATB.

F-G:  Output of combustible motor is still maximalt ATB starts to charge.

G-H: ATB is charged with asked current and output@mbustible motor decreases together with power
output.

For suggested operation cycle of simulated trasglespond the average output of the asynchronotsrmo
T

Paverage: J‘ P(tht = 85%KW (1)
0

e ASM motor power 15 kW,

e nominal voltage /current 180V /30 A,

e the maximum angular velocity 2073 speed/min,
e the maximum frequency of 70 Hz.

Draft traction output for the hybrid drive system

Distribution of traction output could be done paliti according to a user or according to predefined
software. Autonomous control of a microprocessait tor the distribution of traction output is defdd in
normal operation only ATB /NiCd battery capacity02Ah/ drive with insufficient accumulator capacitjive
with using of all energetical sources, and recupmraf traction output.

In a system of control, information from the operas processed together with information abouttesof
input supply, impulse changer, invertor, and t@ttengine. The control must fulfill specific recginents
derived from a traction engine and technology afisport. It means mainly the control of a magnfédiw in the
engine and torque. Drives for general purposeofiem dealt with a cheap solution without speedssenand
only with a small number of another sensor for tele@l values. For drives with dynamic requiremensctor
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control has become common. This enables to coatrahgnetic flow and torque in the steady-statenmegas
well as in transition state. Mathematical simulatiof controlled traction drive with an asynchronargine
reveals very good dynamical characteristics.

The scheme of direct torque controlled inductiontonavith a fuzzy controller is in Fig. 7. The fuzzy
controller is designed to have three fuzzy statéafées and one control variable for achieving tanstorque
and flux control. Each variable is divided into Zyzsegments.

The number of fuzzy segments in each variable sseh to have maximum control with a minimum
number of rules. (Spanik, P., Sedo, J., Drgona;iialdsky,M., 2013).

Measurement
current voltage  Motor
7

-
Inverter, ’ ASM
Fuzzy * Stator Flux

and Torque

Flux Refence

controller Estimator

Torque Reference

Fig. 7. Fast regulation of torsion moment.

The first is difference between the command stéior S* and estimated stator flux magnitugs (error
in stator fluxEy) given by:

Ey = |¥S| - |¥S| &)

The actual stator flux can be calculated from tbéiage and current information in the stator refese
frame as

Ya = [(ua - ia - RS)dt ©)]
wB = [(up-if - RS)dt (4)
| #S|= Y2a+ P28 (5)

For suggested operation cycle of simulated trawglespond the average output of the asynchronotisrmo
Optimal Torque Computation

This control strategy was developed by Ohio Statevéisity under a subcontract with NREL. Infornoati
for this help file was taken from the final techadiceport entitled “Development of Fuzzy Logic aNédural
Network Control and Advanced Emissions Modelling Rarallel Hybrid Vehicle” which provides additidna
detail on the model and is available in the ADVIS@Rding room.

L= bl _qipes /GPS Fuzzy Logic control strategy <05 == EL’.‘J
Fia [t Yew  Jfetion Formel  Toolke
DERS 5wl s R
RIZDY COMTROL BLOCK
—{
» E > [
> ot
-
Inpast Sealing a
— Qudpia sealing
[y = TP aging
iy and spd v [‘3‘;—‘.:_ B, e
indg cluich B
P et Sat aeapt
Spasdie diractly tad thinagh -

Fnady o I ; " fodat
Fig. 8. Fuzzy Controller block components.
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The controller programs are created using MATLABicfiles anc can be modified by the user. T
following Fig. 8indicates the position of the Fuzzy Logic Contmolfethe Simulink block in ADVISOF

Finding an optimal | C Engine operating point
The data for an IC Engine in ADVISOR is in the foofma z-dimensional map, indexed by torque and sp

Information regarding fuel econon[g/s] and emissions such as CO, HC, and NOX [ig/ajvailable for various
speeds and torques (Fig. 9).
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Fig. 9. IC Engine emissions — a general trend fidiTLAB.

From the graph in Fig. 1@ve can state that the proposed hybrid drive solwizsures sufficient tracti by
preserving the dimensions of the original locomatnd reducing the ecological I¢.

Traction characteristic compare

30
25
20
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10

speed[km/h]

1 2 3 4 5 5] 7 8 9 10 11 12 13
traction power [kN]

e alculated traction characteristic for hybrid drive

= reguired traction characteristic foriginal HD30/

Fig. 10. Traction characteristic.
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Results and conclusion

The actual operation of mine engines DH30 and DHh®0lve high costs for the working environment.
This article shows that using electrical energytfaction purposes highly eliminates (hybrid systemalmost
completely reduces (two-system drive) detrimentfluences on the working environment. Several otiof
reconstruction of the DH30 engine for two-systenhylrid electric traction enables to use of an abyonous
engine or DC engine as a traction engine. By udiiegasynchronous engine powered from semiconductive
changer the problem of pulsing parts of torquedaltdwith regulation. This reconstruction also neanergy
saving. This system also improves storing and mdation with oil production in the mine. Anothedvantage
apart from increasing the ecological conditions andrgy saving is that, that the Elsbett engins asesgetable
oil which can be produced on contaminated soil.
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