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Summary: The article presents the method for the assessafghe variable demand of
hard coal users on the effectiveness of operatianroulti-facility mining enterprise. Due
to the extensive nature of the subject, the focas @n the assessment of the profitability of
mines under analysis in the cross-section of th#itvariant nature of the changes in the
qualitative and quantitative demand of coal usérfkat is more, attention has been drawn
to situations that can be detected thanks to thmpgmed method and namely the
achievement of worse financial results by mineshie event of the increase in demand
which is a result of the changes in the mine-cliefdtionship.

Keywords: The sensitivity analysis, the profitabilitthe SIMPLEX algorithm, the Monte
Carlo method.

1. Introduction

One of the key factors determining the effectivene$ the operation of a mining
enterprise is the variable level of demand for c@&le present market conditions, which
Polish coal mining has come to function under, ynifle necessity to carry out multi-
variant analyses allowing to assess the impachef/ariable demand of end users on the
effectiveness of operation of a multi-facility migi enterprise as well as to isolate the
factors determining this effectiveness such as,@gfit, profitability, production capacity
utilisation rate, etc. in relation to their plannkedel under the conditions of the variable
demand on the part of Polish hard coal users.

The method presented in this paper facilitatesagsessment of the effectiveness of the
operation of a multi-facility mining enterprise amines being a part thereof on the basis of
the analysis of selected technical and economicanaks in the cross section of the multi-
variant nature of the changes in the coal user ddnio create the most probable coal user
demand scenarios, the author applied the Monteo@aethod. On the basis of the results
obtained by means of the proposed method (histag)faome obtains the probability of
incidence of the planned values of the indicatalkgect to analysis. This provides the basis
for the potential corrections of the optimum planturn creating a useful decision-aiding
tool, in particular in the scope of the rationahkproduction and sale programmes at the
mining enterprise management level.

The proposed method allows for situations occurgrggisely within the multi-facility
mining enterprise, such as e.g. the loss of clieftsne mine in favour of the remaining
ones which results in achievement of worse findmesults with the increase of the coal
user demand to be revealed.

In his research the author uses the developed a@ftwackage which represents an
important element supporting the management ofytbep of mines. This method makes
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production decisions more rational as it combineghads of optimization programs of
production and sales of carbon (using the SIMPLHYorthm) with an extensive,
multiaspect, post-optimal analysis results optittnira programs of formal production and
sales of coal in the coal company conditions (oaftwsare algorithms).

2. The essence of the profitability

Making profits for the mines does not guarantee ealthy financial condition.
Oftentimes productivity is identified with profitdity, which is the achievement of positive
financial results.

Many literature sources often state that just pgadione are not the best measure of
financial situation of an enterprise in a givenipei{2, 11]. Profit achieved in a given time
period is an arithmetic value and it does not agvitk level of generated operating cash.
Enterprise can show profits on their books anchatsame time not generate cash. Profits
along with amortization can be a source of opemnalidinancing (increase in inventory,
amounts due, repayment of short term obligatioBsjerprise can show losses and at the
same time generate operating cash which enables thepay off debts, for example, a
company with a structure of high level of fixed etssand intangibles which it amortizes.
Next to net profits, it is the ,backbone” of opéngtcash. In reality different circumstances
influence the fact that financially healthy compando not always have enough resources
to stay profitable in the short term. At the sameetcompanies that show weak financial
results are able to generate short term profits. fithe period between cash generation and
the financial outcome can be significant.

The subjective portion of profits is the considenatof costs that are non-cash related
(such as amortization, reserves, in-between p@&asts). These costs depend on accounting
methods in the current period. That is why it isessary to use profitability as a measure
of financial situation of a company. It reflectstire most synthetic form the productivity of
an enterprise. Profitability indicators show in theost general way the relationship
between profits and capital. Both the numeratortaeddenominator of this equation could
be quantified differently. Significant outcomes che attained using larger number of
numerator and denominator values. In practice ptioditability value is based on a large
scale of indicators that are necessary to managengany. Generally, it is possible to
distinguish three types of profitability [11]:

- sales profitability (trade),

- property profitability (economic),

- invested capital profitability (financial).

In the presented method of analysis the author ywmefit before tax margin as
indicators using the following formula:

GPM = M (100 [%] Q)
sales netto

The gross profit margin shows the percentage ditprgenerated with a given level of
sales for a company. In other words it shows hoW aveenterprise is doing in the product
market that it offers to its customers [11].

Therefore it shows:
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- quantity of sold products,

- assortment of products with different units of paddility,
- policy of prices,

- level of unit costs for company’s sales.

The level of profitability of sales depends on tiyge of business that a given company
and a given branch are in.

3. Characteristics of the proposed method

The method of the assessment of the impact ofdhiable hard coal consumer demand
on the profitability of the mine subject to the Bsés is based on the set of the optimal
solutions of the task of optimising production @ade of coals for a coal company. The set
of optimal solutions is created on the way of npldtidetermination of the optimal coal
production and sale for mines, in the cross seobibthe multi-variant random demand
scenario. The most probable scenarios of demariddofidual hard coal consumers are
obtained through the application of the Monte Carlethod [4, 10, 12]. The algorithm
facilitating the generation of the optimal coal gwotion and sale programmes runs in two
stages.

In the first step, a demand vector is selectecaatiom. The vector constitutes a sub-
vector of right sides of the optimization model atjon (3) [5]:

Objective function:

T p m p
Z (G —kzj) e ‘ZKS,- - max )
i=1 j=1 k=1 e
Sales restrictions:
i P mij
> % <z, forallk 3)
i=1 j=1 k=1

where:

Xijk - net amount of extracted coaliptype accepted by consumers in gréufnetto
tone],

Z— consumer demand for grolgp[ton],

i - index of coal typei, =1, 2, 3, .1;,

j —index of minej =1,2,3,.p,

k., — index of consumer groupk, =1,2,3,...m;, where mp marks numerousness
miscellanyk, for coal ofij type.

The remaining restrictions in the model relate he structure of production and the
capacity of individual mines [5]. The reality ofethsolutions obtained is assured by
allowing the possibility of storing coal.

The normal distribution was adopted for the randbmtuations of demand,
whereas the analysis variants presented include:
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1) expected value and dispersion according to histogicospective) data,

2) expected value according to prediction formulasenghs the dispersion
represents the most probable (standard) erroredittecast,

3) expected value with the consideration of correlatethand changes and
dispersion as in point 2,

4) adopted increase or decrease in the expected aaldedispersion as in
point 2.

Next, the drawn coal consumer demand vector isprased onto the primary solution
and appropriate weakening variables are modifidte Imallest weakening variable with
the negative value (the most inadmissible onegliscted and reduced to zero in order not
to diminish the other negative weakening limitseThanner of proceedings above always
leads to an admissible solution thanks to the atigvior the possibility of storing the coal.

The second stage is the optimisation of the adbiessiolution, consisting in the search
for non-base variables with no-zero value whichatieg dual prices correspond with.
Further, their values are modified so as to inaetie quality index by applying the
SMPLEX for this purpose. The analysis is performed fauéficiently numerous set of
random demand datasets, thus obtaining new optwolations. The analysis results are
presented as histograms of analyzed economic aithital parameters for the entire
company and for individual mining plants. This alk the probability of obtaining an
adopted level of analyzed parameters for the cognpad the mining plants it owns to be
determined.

4. Example of calculations and evaluation of resudt

The calculations were conducted for a real hard ovaes. The mines at issue are a
part of the coal company banding four mines withten organisational structure. The
production capacity along with the technical andrenic indicators of the mines under
analysis are presented in table 1 whereas tablesepts the optimal plans of production
and sales for mines ,A"-,D”

Tab. 1. Technical and economic coefficients foreasipA™,D”

L . Kopalnie
Specification Unit A B c o
Average Extraction ton/day 6,200 10,50( 19,500 am,2
Max. Extraction netto ton 1,600,000 2,700,0p0 5,000 | 2,600,000
Unit cost PLN/ton 136.9 159.02 153.75 192.53
Fixed cost % 76.6 86.96 85.71 81.2

Source: Own preparation
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Tab. 2. The optimal plans of production and sadesrfines ,A”-,D” for 2011

.| calorific Contents
Quantity
Consumers Assortments value | gshesl| water sulphur
[ton] [kdkg] | [%] | [%] | [%]
Mine ,A”
Offer: 1,600,000 ton Profits: -16,698,662 PLN
Sold: 438,968 ton Mine reserves: 734,180 ton
Indv. consumers 4 nut coal 69,265 25,000, 15.8 7.0 0.76
Indv. consumers 4 pea coal 64,93624,650 15.8 | 7.0 0.77
Indv. consumers 3 fine coal | 304,767 24,904 18.0 7.0 1.10
Dumping ground fine coal Il 401,738 19,089 28.0 | 12.0 1.00
Dumping ground slurry 25,109 19,089 30.0 | 20.0 1.00
Mine ,B”
Offer: 2,700,000 ton Profits: 62,938,398 PLN
Sold: 1,776,600 ton Mine reserves: 0 ton
Indv. consumers 4 nut coal 328,143 27,000, 7.0 9.0 0.8
Export 8 nut coal 14,857 27,0000 7.0 9.0 0.8
Indv. consumers 1 nut coal 143,000 27,000 7.0 9.0 0.8
Indv. consumers 3 fine coal IA 237,000 27,000, 8.0 10.0 0.8
Dust kettles fine coal IA 330,000 27,000 8.0 10.0 0.8
Dust kettles fine coal Il 380,700 21,000 23.0 | 10.0 0.8
Export 9 fine coal Il 342,900 23,000 17.0 | 10.0 0.8
Dumping ground fine coal Il 923,400 19,000 30.0 | 10.0 0.8
Mine ,C”
Offer: 5,100,000 ton Profits: 118,161,928 PLN
Sold: 3,825,000 ton Mine reserves: 0 ton
Indv. consumers 4 cobble 23,235 25,000, 9.0 134 1.1
Chamber grates 1 cobble 282,16525,0000 9.0 | 13.4 1.1
Indv. consumers 1 nut coal 193,060 25,000, 9.0 13.4 1.1
Grates 2 nut coal 265,940 25,0000 9.0 13.4 1.1
Indv. consumers 3 fine coal | 1,275,900 25,000/ 10.0 | 14.5 1.0
Indv. consumers 3 fine coal Il A 1,020,000 23,000/ 12.0 | 155 1.0
Grates 3 fine coal Il 765,000 19,000, 23.0 | 16.4 1.4
Dumping ground fine coal Il 1,275,000 19,000/ 25.0 | 16.4 1.2
Mine ,D”
Offer: 2,600,000 ton Profits: 89,892,157 PLN
Sold: 2,600,000 ton Mine reserves: 0 ton
Chamber grates 1 cobble 143 00030,283 9.0 6.5 0.8
Export 8 nut coal 286,000 29,934, 9.0 6.5 0.8
Export 9 fine coal 1A 76,54 29,746 9.0 6.5 0.8
Indv. consumers 3 fine coal 1A 21,482 29,746 9.0 6.5 0.8
Indv. consumers 4 fine coal IA 68,4R1 29,746 9.0 6.5 0.8
Dust kettles fine coal 1A 1,674,600 23,720/ 22.0 | 13.0 0.8
Grates 3 fine coal I1A 330,000 23,720/ 22.0 | 13.0 0.8

Source: Own preparation
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In the first stage of the analysis, the demandeslbf individual recipient groups were
selected at random in accordance with the normsdtildution with expected (nominal)
value equal to the forecasted demand (sales) valtlee year 2011. The adopted standard
deviation (dispersion) value results from the ase$yof demand changes among individual
groups of recipients (see table 3) [1, 3, 6, B]8,

N
2100 ~Ymod 4)

2:
r N-L

g

where:
Yn - actual value of endogenous factor, [ton],
Ymod - Model-based value of endogenous factor, [ton],
N - number of observations,
L - number of estimating parameters for model stmact

In the second stage, the analysis of effects alaandemand changes was carried out
in accordance with the most probable forecast eifordetermine the forecast error for
each case, the stochastic structure parameteratistim{i.e. parameters of the distribution
of random factor) was performed, which allows tomaade on the goodness-of-fit of a
given model to empiric data at hand, by determifing, 6, 7, 8, 9]:

- matrix of variance and covariance

K =[x" x| @? (5)
whereby
1 Xl N g .
Xzi X2 ) XTXZ N n[\__]ln (6)
) Y xn X%
1%y n=1 n=1

— estimation of variance in prognosis madel

o=uXm' (7)

whereby:
U=[1 Xyl (8)

where:
Xn+2— the time for which the prognosis is prepared,
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dispersion (standard deviation) of the forecastnughe assumption of (4) and
(7) in accordance with the following formula (sable 3)

— 2 2
Oyprog = |of +oy

9)

Tab. 3. Nominal value and dispersion g,y fOr every group of consumers [ton]

Name of consumer group Nom_lnal Dispersionor Dispersiono
prognosis values yprog

Export 8 300,857 95,728 70,205.89
Export 9 419,447 133,461 116,913.60
Indv. consumers 1 336,060 13,035 10,565.07
Indv. consumers 3 5,475,600 212,387 140,552.80
Indv. consumers 4 1,391,200 53,962 35,710.6(
Dust kettles 2,385,300 92,521 61,228.09
Grates 2 265,940 10,315 6,826.40
Grates 3 1,095,000 42,472 28,107.22
Grates 4 567,619 22,017 14,570.20
Chamber grates 1 425,765 16,514 10,928.80

In the third stage, the impact of correlated demeaalde changes on the value of the
profitability was determined. In order to do thise nominal forecasted demand value for
each recipient was decreased in first cagpdRd increased in the second casg 0§ the
model error value (tab. 4).

In the fourth stage, the nominal forecasted demealde for each recipient was
decreased in first casesjPand increased in the second casg 8 10% (tab. 4). The
number of samplings was adopted at 1,000 whiclwaltp obtain a sufficiently large set of
production tasks for individual mining plants asllwas it allows to calculate the
profitability in the cross-section of the analyzetiability of coal recipients.

Tab. 4. Nominal value of prognosis, P, P; and R for every group of consumers [ton]

Nominal Nominal Nominal Nominal
Name of consumer
value of value of value of value of
group . . : )
prognosis P | prognosis i | prognosis B | prognosis B

Export 8 230,651.11 371,062.89 270,771L.3 330,942.7
Export 9 302,533.4( 536,360.60 377,50R.3 461,391.7
Indv. consumers 1 325,494.98 346,625(02 302,454.0 69,686.0
Indv. consumers 3 5,335,046.20 5,616,151.80 4,82810 6,023,159.(
Indv. consumers 4 1,355,489.40 1,426,910.60 1,30200 1,530,320.(
Dust kettles 2,324,071.91 2,446,528/10 2,146,7702,623,830.0
Grates 2 259,113.6D 272,766.40 239,346.0 292,534.0
Grates 3 1,066,892.78 1,123,107,20 985,500.0 1KRO4
Grates 4 553,048.8D 582,189.p0 510,857.1 624,380.9
Chamber grates 1 414,836.20 436,693.80 383,188.5 8,34B.5

The author based the analysis of profitability o tanalyzed mining plant, with
reference to adopted variants of demand changesabfecipient, on the formula 1.
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The results of the profitability for thus calcutatiare listed in table 5 and illustrated in
Figs. 1-3.

Tab. 5. The list of the nominal, minimal, maximumdaaverage values of the forecasted
level of profitability of mines and the probabilitf the results at dispersian, Oyprog, and
levels R, P,, P;and B

o Probability of achieving
The pr[‘j/‘;']tab"'ty profitability
nominal value| min | max [averagel min | max | above| average
Mine ,A”
(of -15.53 -3,481.911,073.39 -31.16|0.003| 0.003| 0.881| 0.881
Oyproc -15.53 -1,282.30 45.30| -54.70|0.003| 0.285| 0.705| 0.831
P, -15.53 -4,242.55 19.81| -195.38/ 0.003| 0.003| 0.719| 0.802
P, -15.53 -82.09 53.49| 28.89|0.002|0.021| 0.986| 0.598
P -15.53 0 0 o| - - - -
Py -15.53 19.2 55.7| 45.56|0.003|0.164| 1.000| 0.696
Mine ,B”

(of 14.07 14.06 32.45| 14.84/0.003|0.003| 0.977| 0.117
Oyproc 14.07 14.063 24.82| 14.41|0.003|0.003| 0.977| 0.997
P, 14.07 13.35 25.74| 15.09/0.003|0.003| 0.814| 0.280
P, 14.07 14.06 33.47| 14.89/0.003|0.003| 0.997| 0.109
P; 14.07 14.1 22.6| 15.15/0.002|0.008| 0.998| 0.208
P, 14.07 14.1 37.5| 20.25|0.003|0.008| 0.997| 0.308
Mine ,C"

(of 13.17 7.4 13.181] 13.04/0.002|0.006| 0.938| 0.938
Oyproc 13.17 8.9 13.181] 13.16|0.002|0.003| 0.980| 0.983
P, 13.17 1.28 13.181] 11.64/0.002|0.003| 0.494| 0.672
P, 13.17 13.17 13.178] 13.18/0.003|0.542| 1.000| 0.003
P 13.17 -2.8 13.2 6.58/ 0.003| 0.003| 0.691| 0.542
P, 13.17 13.168 13.18] 13.175 0.003|0.001| 0.992| 0.597
Mine ,D”

(o] 15.66 3.09 15.67| 15.46|0.003|0.003| 0.121| 0.987
Oyproc 15.66 412 15.67| 15.58/0.003|0.003| 0.114| 0.983
P; 15.66 -15.95 15.68| 14.27|0.003| 0.003| 0.120| 0.842
P, 15.66 13.78 15.67| 15.65|0.003|0.003| 0.121| 0.889
Ps 15.66 -56.1 15.7| -1.58/0.003|0.003| 0.061| 0.595
P, 15.66 15.646 15.66| 15.653 0.003|0.001| 0.001| 0.624

The application of the profitability indicator makenore sense since it returns the
information on what sales percentage falls perigprefg.: in the case of mine ,B” 14% of
the revenues shall constitute the profit. As carséen, the mines subject to analysis are
characterised by small profitability which testffiat the same time to high fixed and unit
costs. This is of particular importance in caseaotlecrease of production below the
production capacity. In case of mines characteriged high BEP, the safety margin (profit
margin) shall be small.
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Fig. 2. Histogram of frequency of obtained salefitability values for mine ,D” at the
planned value Pand dispersiomy,.g Source: Own preparation

Based on the results (tab. 5) obtained for thectsdeprofitability indicator (formula 1),
it can be stated that the planned profitabilitysales of mine ,A” (resultant from the
optimum plan) reaches the level ©15.53% with the probability that such a state shall
continue, for dispersiom, and oy respectively 0.881 and 0.705. In the event of the
decrease in demand to level, Rhe probability shall be 0.719, but with the hagh
probability — 0.802, said profitability may amoutat —195.38% whereas the increase in
demand to P guarantees that at least the planned profitabifitynaintained, with the
probability being almost equal. It is highly probalhat the mine shall turn profitable — a
probability of 0.6. At the increase in demand teeleP, with a probability of 0.7, the mine
shall reach a profitability of 45.56% (fig. 1). Th®obability of mines ,B” and ,C”
reaching the planned profitability far,, oy,og and with the increase in demand tpi®
almost 1. This probability, in the event of the d&se in demand to valug, Rlecreases
slightly to value 0.814 (mine ,B”) and 0.494 (min€”). Their profitability indicator
values can become lower in relation to the planrade by 2 percentage points.
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It is also proper to draw attention to the factttimathe case of unfavourable market
conditions, mine ,D” may become unprofitablBhe probabilityof reaching the planned
profitability for mine ,D”, for the demand variants, Gy Pi, P2, €quals c. 0.12. Both the
maximum and median profitability values are closeét$ planned value (an exception for
the R prognosis). Slightly lower values: 15.46%, 15.5&¥d 15.65%, can occur with the
probability of 0.987, 0.983, and 0.889 respectivélycan be concluded that the mine has
excessive fixed costs which is suggested by thes gabfitability indicator — almost 16% of
the sales values generate profit for the compartyh wimost full production capacity
utilisation.

The decrease of the demand to leverdvealed that in 22 cases per 1,000, the mine
may become unprofitable while the decrease to IByehly further exacerbates the mine’s
financial situation — the occurrence of the loss been recorded in 430 cases per 1,000. In
this situation, the mine stands very little chafpebability of 0.061) of maintaining the
planned profitability. As can be observed, at theréase in demand to level, Fsaid
probability equals 0.001 (fig. 2). This results rfrothe fact that clients #ndividual
consumers 3 and Individual consumers 4 - shall decrease the quantities of coal purchased
from this mine to the benefit, first and foremost, mine ,A” (tab. 6 and 7). This is
impacted by, admittedly, slight fluctuations in tisale of particular assortments, but
substantial enough for the mine to draw close ¢oBEP. The situation to the contrary shall
occur in the event of the demand level drop 4oTe presented method of analysis of the
changes in demand on the effectiveness of operafiaamulti-facility mining enterprise
allows to disclose such situations.

Tab. 6. The specification of the planned, mininmagximum value of obtained quantity of
coal sales téndividual consumers 4 and the probability of reaching it for the plannedue
P, and dispersiomypg

Sales quantity Probability of reaphing the sales
[t] quantity
[]

According to the Min Max Min Max |According to the
plan plan
Mine ,A”
nut coal
69,265 | 69,265| 128,000 0.001]  0.999 1.000
pea coal
64,936 | 64,936| 120,000 0.001]  0.990 1.000
Mine ,B”
nut coal
328,143 | 0 | 424,787 0.062] 0.01f1 0.156
Mine ,C”
cobble
23,235 | 0 | 306,0000 0.131] 0.07P 0.819
Mine ,E”
fine coal 1A
68,421 | 0 | 166,400] 0.969] 0.005 0.020
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Tab. 7.The specification of the planned, minimal, maximuatue of obtained quantity of
coal sales téndividual consumers 3 and the probability of reaching it for the plannedue
P, and dispersiony g

Sales quantity Probability of reaphing the sales
It quantity
. [- .
According to the Min Max Min Max According to the
plan plan
Mine ,A”
fine coal |
304,770 | 304,770] 563,200  0.001 0.999 1.000
Mine ,B”
fine coal 1A
237,000 | 0 | 567,000 0.006] 0.15p 0.874
Mine ,E”
fine coal 1A
21,432 | 0 | 166,400 0.484] 0.358 0.491

5. Conclusion

On the basis of the developed method for the asse#sof the impact of the variable
demand of hard coal users on the effectivenesspefation of a multi-facility mining
enterprise, the results are obtained to be predémtine form of histograms of fluctuations
of selected technical and economic values in theszsection of the multi-variant character
of demand fluctuations. Thus, the managerial stféives information on the probability
of reaching the values of the indicators under yamigl be it in relation to the production
plan or other adopted criteria as well as the m#tion on those technical and economic
indicators with a decisive impact on coal produttind sales plan for a multi-facility
mining enterprise.

The obtained results set out the direction of thehanges and determine their
probability which allows the mines’ production psamvithin the time interval under
analysis to be adjusted.

The proposed method allows situations occurringhiwita multi-facility mining
enterprise, e.g. such as the loss of clients ofroine in favour of the remaining ones at the
increase of the hard coal users’ demand to be lextea

This study is supported through the statutory ne$esegistered in University of Mining
and Metallurgy in Krakow at no. 11.11.100.481
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