[l DEGRUYTER GOSPODARKA SUROWCAMI MINERALNYMI - MINERAL RESOURCES MANAGEMENT /
el OPEN

2015 Volume 31 Issue 4 Pages 161-188

DOI 10.1515/gospo-2015-0037

MICHAL KOPACZ*

The impact assessment of quality parameters of coal
and waste rock on the value of mining investment projects —
hard coal deposits

Introduction

Functioning in a dynamically variable market environment forces mining companies
to rationalize decision-making processes related to the launching of new investments and
effective management of resource deposits.

The basis for effective investment decisions is undoubtedly a proper assessment of the
potential investment. The quality, accuracy, and reliability of the valuation of new invest-
ment projects — geological and mining assets — increases the guarantee of profitability and
a positive return on invested capital.

According to the POLVAL code, the geological and mining assets (GMA) should be
understood as: “...mineral deposits, anthropomorphic deposits or their parts and the related:
intangibles, fixed assets, movable property and securities” (Polval 2008).

Investment projects, both geological and mining, are characterized by a long investment
process and high capital intensity, usually a long-term operational phase, limited flexibility
of the production process, low predictability of mineral raw material prices and the strong
influence of geological and mining conditions associated with the deposit, extraction and
processing technology on the efficiency of investment. This often results in above-average
risk accompanying investment in the mining industry (Satuga 2011).
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Economic valuation and economic efficiency of geological and mining assets is a com-
plex issue. The reasons for this complexity involve the variety of definitions, approaches and
methods used in the valuation process.

This value can be understood as — for example: fair value, book value or market value;
the concept of value is very closely related to the method of valuation (Damodaran 2007).

Valuation methods are dominated by the three approaches, namely the income approach,
market approach and cost approach (Panfil and Szablewski 2006). It should be noted that the
net present value (NPV), the internal rate of return (IRR), comparative methods and repla-
cement value (Wanielista et al. 2002) are among the most common methods of the valuation
of investments in the mining industry (Wanielista et al. 2002). The most advanced methods
include the decision tree analysis, the real options analysis (ROA), and the Monte Carlo
simulation (Kopacz 2009).

The impact of coal quality on its price and market attractiveness has been studied by,
among others, Blashke, Lorenz and Grudzinski (Lorenz et al. 2002), Kaula and Pielot (Kau-
la and Pielot 2005), Naworyta and Mazurek (Naworyta and Mazurek 2010), or Grudzinski
(Grudzinski 2012). Various aspects of assessing the impact of geological and mining con-
ditions, exploitation and modeling of the production process taking into account cost issues
have also been studied by Lisowski (Lisowski 2001), Przybyla and Chmiela (Przybyta and
Chmiela 2007), Jaszczuk and Kania (Jaszczuk and Kania 2008), Sobczyk (Sobczyk 2009),
Magda et al. (Magda et al. 2002), Brzychczy (Brzychczy 2012), Karbownik (Karbownik
1987), Wtodarski and Bijanska (Wtodarski and Bijanska 2014), Lubosik (Lubosik 2009), Raj-
wa (Rajwa 2007), Turek, Jonek-Kowalska, Michalak (Turek ed. 2013), or Fuksa (Fuksa 2013).

1. The justification of the topic of the paper,
thesis and aim of the study

Numerous studies conducted by The Mineral and Energy Economy Research Institute of
the Polish Academy of Sciences, as well as the author’s personal experience in the valuation
of investment projects in the coal and copper mining industry, lead to the conclusion that the
deposit is one of the key areas of value creation in mining companies.

The problem in assessing the impact of the quality parameters of the output or waste rock
on the value of investment projects in the mining industry is often underestimated in the
valuation process. This is due to several reasons:

1. Continued insufficient awareness of the importance, direction and strength of the im-
pact of variable geological and mining parameters of mineral deposits and the quality
of raw minerals on the value of geological and mining assets. What is more, quantify-
ing the variables that are difficult to measure and less predictable is also problematic.

2. The structures of revenues, expenses and costs of already active mines, which do not
necessarily correspond with the assessed beds, are often used as a point of reference
in calculations concerning the deposits adjacent to the primary deposit. The problem
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of selecting the proper twin asset is a known issue in the valuation process (Brealey
and Myers 2001).

Qualifying balance resources to industrial resources (despite the current definition of
industrial resources in the Regulation of the Minister of the Environment (Ministry
of the Environment, Ordinance 2005) does not need to ultimately ensure the eco-
nomic efficiency of the extraction process; it is based on estimates of experts, often
without access to digital models of the mineral deposits. Additionally, the amount
of industrial resources usually decreases once the longwall development design is
made. What is more, the assessment of the quality of exploitable resources is also
changing along with the following stages of deposit prospecting and exploration.
Currently, almost no coal mining company in Poland has a model allowing them to
dynamically adjust, taking into account the impact of an above-average amount of
gangue, which expresses the deteriorating value of net coal output (coal yield), the as-
sessment of the economic efficiency of mining activities. The estimation alone, which
is forecasting the contamination of the output, is already a problem.

The low efficiency of mining cost assessment is further compounded by limited ac-
cess to appropriate digital geological databases or the lack of proper cost accounting.
The valuation (assessment) of geological and mining assets are often made by inexpe-
rienced analysts (valuators) or people without the proper permissions.

Finally, the possibility of controlling the level of extraction in conditions of deteriora-
ting deposit thickness is limited. In addition, the management of mines demonstrates
relatively little interest in awarding bonuses for the quality of extracted coal.

It is suggested that there is a significant cost impact on the economic efficiency of the

mining process of waste rock at the bottom of the mine. The above-standard increase in the

amount of gangue, assuming coal output at the same level, may anticipate rhythm distur-

bances in the mining process, shortening of effective working hours, and additional costs

associated with emergency repairs and, as a result, an increase in total operating expenses
(Kopacz 2015).
The paper attempts to demonstrate the importance of proper evaluation of coal quality

parameters and the impact of variable quantities of gangue, represented by net coal output
(coal yield), on the value of investment projects and, indirectly, the deposits. However, the
valuation is limited to the operational phase in the life cycle of a hypothetical coal mine.

The paper focuses on two major questions:

L 4

L 4

The problem of proper impact assessment of key decision variables (components of
revenues and expenses) on the value of investment projects.

Selection of initial values that are the most important (in the valuation process) for
the parameters of the economic model. This applies in particular for new deposits
valuated by comparison (analogies) to deposits currently active, often adjacent (the
so-called twin deposits). The data on the reference fields may include both mining
costs, the level of investment outlays and/or the scale of achievable revenues from the
sale of specified coal products.
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The objectives of the research were carried out by constructing a dedicated economic
model and the measurement of direction and strength of impact of:

¢ calorific value, the percentage of ash and sulfur

¢ variable amounts of gangue, represented by coal yield to the total amount of output

extracted from mines
on the value and variability of total revenues, respectively, and, finally, on the valuation of
a hypothetical coal mine in the operational phase using the NPV and IRR methods.

The research results are included in the results for the baseline scenario and additionally
two other “low” and “high” scenarios are presented in a summary form (only the results
and conclusions of the evaluation). The introduction of additional scenarios was aimed at
illustrating a significant impact on the value of the analyzed variables on the geological and
mining projects, taking into account the limitations of the NPV method and the results obta-
ined for other than baseline levels of key decision variables.

It should also be noted that neither in practice nor in the literature are there solutions
which allow for dynamic adjustment of the production according to the projected amount of
gangue using the profit formula and the revenues using the quality function of coal produ-
ced. This does not mean, however, that mining has not mastered other techniques for asses-
sing the impact of coal contamination on the results of mining process.

2. Research method

2.1. The approach to the analysis, assessment model and data sources

In order to verify the theory about the relationship between the quality parameters of
coal and rock waste with the value of geological and mining projects, the paper examined
the strength and direction of impact of:

¢ calorific value and percentage content of sulfur and ash on the sales revenue

¢ gangue, represented by varying level of net coal output (coal yield), on the overall

cost of extraction

The summary of gangue sources in the longwall face, identification of revenue and cost
based on components in the valuation model, along with coal quality and gangue quantities
for a typical longwall, are presented in Figure 1.

The idea behind the analysis assumes a separate study on the impact of coal quality
parameters and gangue on the value of investment in hard coal mining, measured using
the NPV and IRR methods, as in the case of a classical sensitivity analysis (Rogowski
2004)L.

! The classic sensitivity analysis assumes studying the impact of only one decision parameter on a projected
variable at one time. Other parameters remain at their baseline values).
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Fig. 1. An integrated approach to assessing the impact of qualitative parameters and coal output
on the value of investment projects (geological and mining assets) in the mining industry
Source: own study

Rys. 1. Zintegrowane podejscie do oceny wptywu parametrow jakosciowych i uzysku wegla
na warto$¢ przedsigwzig¢ inwestycyjnych (AGG) w gornictwie

Decomposition of output from the longwall, accompanied by separation of gangue and
coal and assigning the corresponding costs, are an important element of the proposed rese-
arch method. The assumed isolation of both direct and indirect additional costs, related to
the mining of gangue, allows for more precise estimation of costs of subsequent processes
both in and outside the longwall face. In particular, this applies to horizontal and vertical
transportation costs, as well as processing costs. Waste rock has a higher bulk density than
coal; for example, transportation of the same volume is the reason for higher loads and
energy consumption. Under certain circumstances, rolling costs may increase the cost of
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gangue mining and reduce the cost of clean-coal mining, while the balance of the total costs
incurred remains the same. However, this requires realignment of base coal and gangue
extraction costs.

The evaluated quality parameters include the calorific value of coal, ash content and
sulfur content. The influence of other parameters of extracted coal was omitted, considering
them to be insignificant. The calorific value, ash and sulfur of coal are important parame-
ters occurring in the deposit. The aforementioned parameters are crucial for its quality and
selling prices.

Waste rock accompanies the process of coal mining without creating added value; it is
only a source of costs and operational problems. The amount of gangue is the result of the
applied extraction system and specified technical and organizational conditions found in the
coal deposit.

The parameter linking the relation between the amount of extracted coal and the gross
output is the coal output (in simulations, it is defined as the net coal output or coal yield).

Selected decision parameters were analyzed in their natural range of variation, similar
to the expected, that is in deposits, while the calculations were made using simulation pro-
cedures.

2.1.1.Study on the impact of coal quality parameters on total revenues

The quality parameters of coal affect the achievable revenues. The higher the calorific
value of coal and the lower ash and sulfur content, the higher the potential price of coal
products.

In order to establish the influence of the analyzed coal quality parameters on the value of
achievable revenues, a pricing formula, the mathematical formulation of which is expressed
in equation No. 1, was applied. This is a classic formula based on the constant energy value
in coal, which means that the price of 1 Mg of coal with a higher calorific value should be
adjusted upwards (Lorenz et al. 2002).

A feature of the proposed structure is also a fact that it favors the calorific value impact
on the development of the real price of coal, while the impact of other parameters is relati-
vely small. This is in line with current trends in transactions between mining companies and
power plants. This is also confirmed by the results of simulation studies.

Prz:Pb'QrZ_Ws'(Srz_Sb)_Wa'(ArZ_Ab) M
Op

& P,..— calculated sales price [PLN/Mg],
Pj, — the base price [PLN/Mg],
Q,,— calorific value of coal in the deposit [GJ/Mg],
Op — the calorific value of reference coal, 21 GJ/Mg,
S, — sulphur content in coal, deposit [%],
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Sp — sulphur content in reference coal, 1.15%,
A,, — ashcontent in coal, deposit [%o],
Ap — ash content in reference coal, 22.0%,

wg, W, — correction coefficients, including corresponding environmental costs
of combustion and storage of waste resulting from 1 Mg of coal
(wg = 11.0; w, = 0.4) (Grudzinski 2009).

The formula used in the valuation model, which allows for the estimation of the expected
change in revenues in relation to baseline revenues is expressed by equation No. 2.

i=29 2
D (Ri—Ry) @

dRo.s.0) =

2R
i=0

% dRio s — relative change in the expected revenue compared to baseline
revenues [%],
Ry — baseline revenues [thousand USD],
R; — expected revenue [thousand PLN],
0; — expected calorific value of coal; O; € (15; 31) [GI/Mg],
S; — expected sulphur content in coal; S; € (0.7; 1.8) [%],
A; — expected ash content; 4; € (15;40) [%],
i — analysis periods, i =0, 1, 2, ..., 29.

2.1.2. Study on the impact of waste rock on the value of the total costs of extraction

Gangue is usually not sold and hence only generates costs. It also negatively affects the
rhythm of extraction, transport processes, coal processing and requires storage on the sur-
face, or export outside the mine.

Potential sources of waste rock include:

¢ ripping from roof and floor,

¢ intergrowths in coal deposits,

¢ roof subsidence.

Another major source of waste rock in mines includes longwall workings. This parti-
cularly applies to opening-out headings, where the amount of stone can vary from a few to
several dozen percent.

The simulation tests, combining the production costs per unit with the net coal output
(coal yield), were used to study the impact of variable quantities of gangue.

The net coal output (coal yield) is most commonly understood as the ratio between the
amount of clean coal (including intergrowths of up to 5 cm) and the amount of coal output
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(gross), including waste rock. It is expressed as a percentage value, usually in the range be-
tween 55.0—80.0%. The higher the coal output, the lower the amount of mined gangue and
vice versa.

The net coal output depends on the deposit thickness and exploitation depth, which, in turn,
results from the extraction technology used. The categories corresponding to the aforementio-
ned term are the output (of mineral) and contamination (Glapa and Korzeniowski 2005).

In order to verify the impact of a variable amount of waste rock on the level of total
extraction costs and the value of geological and mining assets, two copyright formulas for
estimating fixed and variable operating costs were introduced to the model.

The design of formulas No. 3 and 4 is based on observations of variability of operating
costs in longwall faces, where highly varied deposit thickness forced various mining me-
thods.

The formula for estimating fixed costs:

CY,
UCf =UCfy ———2—— @
(CY; - CoeCY)
The formula for estimating variable costs:
UCv =UCv, [(CYb —CYi)‘Coer+1] @)
Y UCr — unit fixed costs (expected) [PLN/Mg],
UGy — unit fixed costs (baseline) [PLN/Mg],
uc, — unit variable costs (expected) [PLN/Mg],
UC,p — unit variable costs (baseline) [PLN/Mg],
CYp — net coal output (coal yield) (baseline) [%],
CY; — net coal output (coal yield) (simulated) [%],
CoeCf  — coefficient of elasticity of fixed costs compared to net coal output,
CoeCv  — coefficient of elasticity of variable costs compared to net coal output.

As can be seen, fixed unit costs in the first formula are expressed as a quotient of two net
coal coefficients, while the potential, variable fixed cost? is approximated (Begg et al. 2003).
The denominator of formula No. 3 is the coefficient of elasticity of fixed costs in relation to
coal output. The decrease in the value of the denominator in the above discussed formula
results in a more than proportional increase in fixed costs per unit for all values below the
baseline net coal output and a less than proportional decrease in unit costs for higher values

(Fig. 2).

2 Itis generally accepted that fixed costs in the mining industry should increase/decrease along with changes
in the output or mining model. In practice, the distinction between fixed and variable costs is arbitrary and may
vary among mines. Classic literature distinguishes fixed and variable costs, additionally dividing fixed costs into
absolutely fixed costs and incrementally fixed costs.



169

Kopacz 2015 / Gospodarka Surowcami Mineralnymi — Mineral Resources Management 31(4), 161-188

The assumed nonlinear and more than proportional increase in fixed costs for the coal
output net below the baseline results from the belief that a significant decrease in the net coal
output (coal yield) will:

¢ significantly delay longwall operations

¢ result in the increase of expenses related to mining waste rock (rocks harder than

coal, increased resistance)

¢ contribute to the increased number of serious accidents and increased incidence of

minor crashes, generating costs and shortening the effective working time, which
translates into lower production at a given period of time

In some cases, there is a need for new departments in order to achieve the assumed pro-
duction objectives. This results in a rapid increase in both costs and expenses (purchases of
additional equipment).

The coefficient of cost elasticity compared to net coal output (coal yield) allows for the
adjustment for the effect of net coal output change on the level of target costs (fixed, variab-
les) taking into account different empirical data or expert opinion. Its value may fluctuate in
the (—oo, + o0) interval and belongs to the set of real numbers.

Meanwhile, formula No. 4 allows for the estimation of the expected value of variable
costs as the difference between two coefficients of net coal output. When the coefficient
of elasticity of fixed costs equals 1, the formula corrects the increase/decrease in variable
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The relative difference of cost functions
= The function of variable costs change (UCv)

== The function of fixed costs change (UCf)

Fig. 2. Graphical presentation of fixed and variable costs changes as a function of net coal output (coal yield).
Baseline coal output, against which deviation was measured (estimated), amounts to 75%.
Baseline level of costs is 100 units. UCf, UCv — unit fixed or variable cost, respectively
Source: own study

Rys. 2. Graficzna prezentacja zmiennosci kosztow statych i zmiennych w funkcji wspotczynnika uzysku wegla
netto. Uzysk bazowy wegla, wzglgdem ktérego szacowano odchylenia, wynosi 75%.
Poziom bazowy kosztow 100j. JKs, JKz — odpowiednio koszty (state, zmienne) w ujeciu jednostkowym
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costs accompanied by the increase/decrease in net coal output (coal yield) in a linear manner
(Figure 2 — the red line). The change of the coefficient of elasticity of variable costs results
in up/down deviations from the linear course of function, though the impact of these adjust-
ments is not as strong as in the case of fixed costs.

In Figure 2, the relative difference of function values is highlighted in green. This diffe-
rence in the analyzed case ranges from —3% to + 19% and is the highest for the lowest values
of net coal output (coal yield).

It should be stressed that the introduction of both formulas is not decisive in assessing
the impact of waste rock (variability of net coal output) on the level of costs (fixed, variable).
Furthermore, it does not necessarily have to correctly reproduce the actual cost variation in
hard coal mines compared to the percentage change of net coal output (coal yield). However,
for research purposes aimed at a mutual relationship between the values of subsequent cost
estimates and changing levels of decision parameters, it remains adequate.

Total operating costs are the sum of fixed and variable costs, which are the product of the
unit cost and the assumed level of coal production.

In turn, the formulas No. 5 and 6 allowed for the estimation of the relative percentage
share of both baseline and projected cost (fixed, variable) differences using the simula-
tion procedure for the values of the net coal output (coal yield) in the range between 50%
and 99%.

1229(Cfl _Cfb) (5)
dCf (Coal yield)= i:O,T
2 Chy
i=0
=29
Z (Cv; —Cvp) ©
dCv (coal _ yield)™ lon

Z CVb
i=0

% dCfiwwny dCvuwny — relative variation of expected costs (fixed, variable) compared to
baseline costs (fixed, variable) [%],
Cfp, Cvp, — the value of baseline costs (fixed, variable) [thousand PLN],

Cf;, Cv; — the value of expected costs (fixed, variable) [thousand PLN],
Coal yield e (50; 99) [%],
i — analysis periods, i =0, 1, 2, ..., 29.

Finally, by using formulas No. 3 and 4, the effects of variable levels of contamination of
the output on the total costs of coal output were verified.
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2.2. The discount pricing model

The impact assessment of key decision parameters values was performed using a dedica-
ted model based on the discount approach. The construction of the cash flow statement was
modeled after the approach based on free cash flow to firm (FCFF).

The construction of the cash flow statement was accompanied by the principle of ma-
ximum transparency of calculations and test results obtained. Therefore, in the constructed
discount model, the value assessment of analyzed deposits was carried out only for the ope-
rational phase lasting up to 30 consecutive periods.

The level of average annual capital expenditures was made dependent on extraction level
and was offset in the NPV method by depreciation of the same annual value.

The need for additional capital has not been calculated; hence the impact of interest on
financial results has been omitted.

Change in the demand for net working capital has been taken into account when assu-
ming equal equality liabilities and short-term receivables cycles, with financial stocks cal-
culated as the equivalent of 1/12 of annual sales.

The discount rate was set at a fixed level of 8.0%, equally in all 3 scenarios.

What is more, the provisions for the Mine Decommissioning Fund are not included in
the calculations, while the profit before interest and tax was charged only with income tax
(19.0%) on EBIT (earnings before deducting interest and taxes).

A screenshot of a part of the sheet model is presented in Table 1. The tested lines are
highlighted in gray.

3. The results of the analysis

Since the simulation tests revealed the dependence of the obtained results on several
key decision variables:
¢ baseline output,
analysis period,
target production level,
the amount of operational reserves (resource base),
baseline price and quality parameters in the pricing formula,
flexibility of fixed and variable costs function parameters,
the share of fixed and variable costs in the cost of extraction,
¢ discount rate,
the complexity of the scope and results of the research was reduced to three scenarios:
¢ baseline — representing the model of a typical mine extracting coal with average qu-
ality parameters at current market prices of reference coal,
¢ low —representing the model of a small mine extracting coal with unfavorable quality
parameters at prices similar to current market prices of reference coal,

® 6 ¢ o o o
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¢ high —representing the model of a large mine extracting coal with good or very good

quality parameters at current market prices of reference coal.

The introduction of an additional two scenarios (low and high) finally allowed for the
presentation of the results of analyses in a wide range of decision variables analyzed. The
obtained results are between the pessimistic (low), and optimistic (high) scenarios. Therefo-
re, taking into account the limitations of this analysis (impact of only one decision parameter
studied at one time), it can be expected that they actually reflect the scale of the analyzed
problem.

However, it should be emphasized that correlated changes of several decision-making
parameters can occur at one time (simultaneously). Some of these changes may increase the
analyzed effects while the others might reduce the impact of individual decision making
variables on the valuation process of geological and mining projects.

3.1. Key assumptions and results of the assessment
in the baseline scenario

The most important assumptions for the baseline scenario are summarized below:
Net coal output: 68.0%,

Coal quality parameters: Q =25 GJ/Mg, A = 22%, S = 1.15%,

Analysis period: 20 years,

Target production level: 7,5 million Mg per year,

Amount of operational reserves (resource base): 150 million Mg,

® 6 6 ¢ o o

Flexibility of fixed and variable costs in relation to net coal output:
ICERs, ICERz =1,

¢ the share of fixed: 70%, and variable costs: 30%,

¢ Cash cost of production: 215.0 PLN/Mg,

¢ The price of reference coal 190.0 PLN/Mg of calorific value: 21 GJ.

The assessment of the impact of the variability of coal quality parameters on the total
amount of revenues and the resulting NPV for the baseline scenario is summarized in
Table 2 (2a, 2b, 2c¢).

Meanwhile, the results of the assessment of the impact of variable amounts of waste rock
on total costs and the resulting NPV in the baseline scenario are shown in Table 2d.

A graphical representation of the variability of revenues, operating costs and the resul-
ting NPV for the baseline scenario is presented in Figure 3.
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3.2. Key assumptions and the results
of the assessment for low and high scenario

Table 3 summarizes the key assumptions for the low and high scenarios.

Table 3.

Key assumptions for the low and high scenarios in the assessment model

Tabela 3. Kluczowe zalozenia dla scenariusza niskiego i wysokiego w modelu wyceny

Description

Low scenario

High scenario

Flexibility of fixed and variable costs
in relation to net coal output

Baseline Net coal output: 60.0% 60% 75%
. Q=21GJ/Mg, A=22%, Q=21 GJ/Mg, A=22%,

Coal quality parameters S=1.15% S=1.15%

Analysis period 30 years 30 years

Target production level 5.0 million Mg per year 10.0 million Mg per year

The amount of operational reserves 150 million Mg 300 million Mg

(resource base)
Description ICERs | ICERz
NCO < 60% 0.86 1.25

ICERs, ICERz = 1;

60 <NCO < 75% 1.12 0.90

NCO > 750% 1.20 1.50

The share of costs

fixed: 50%, variable: 50

fixed: 80%, variable: 20%

Cash cost of production: 270 PLN/Mg

270 PLN/Mg

170 PLN/Mg

The price of reference coal 190 PLN/Mg

190 PLN/Mg

190 PLN/Mg

The assessment of the impact of calorific value on total revenues and the resulting NPV
is summarized in Table 4 (4a, 4b, 4c¢).

The results of the assessment of the impact of variable amounts of waste rock on total

costs and the resulting NPV in low scenario are summarized in Table 4d.

The assessment of the impact of coal quality parameters on total revenues and the resul-
ting NPV for high scenario is summarized in Table 5 (S5a, 5b and 5Sc¢).

The results of the assessment of the impact of geological and mining parameters on total
costs and the resulting NPV are presented in Table 5d.
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4. Evaluation of the results
and conclusions

Given the obtained results of the impact assessment of the quality parameters and net
coal output (coal yield) on the level and variability of total revenues, costs and valuation, the

following conclusions can be drawn:

L.

The calorific value has a strong influence on total revenues. It is the highest in the low

scenario: for example, the decrease of calorific value by 6 GJ/Mg results in a nearly

28.6% decline in total revenues over the next 30 years and a nearly 66.4% decrease

in NPV (Table 4a).

¢ The impact of the calorific value on total revenues is most visible in the low sce-
nario with a nearly 4.76% change in total revenues per 1 GJ change in calorific
value. This impact ranges from 3.57% — high scenario to 4.76% — low scenario
in all 3 scenarios.

¢ However, the net present value in the baseline scenario varies significantly (Ta-
ble 2a). An over 1201.0% change in the NPV with a decrease in calorific value of
10 GJ (a decrease of 40.0%) results from the conditions of the baseline scenario,
where the calculated NPV is relatively close to 0.

The impact of ash and sulphur content on the value of total sales revenue is practically

negligible. As can be seen in tables (2b—c, c—4b, 5b—c), the impact of sulphur and ash

content is comparable and does not exceed 3.80% (low scenario), given the increase

in ash content by 82.0% (from 22 0% up to 40.0%) and sulphur content by over 36.1%

(from 1.15% to 1.8%).

¢ The impact of ash and sulphur is limited by the formula used in the calculation.
When it comes to coal processing, both ash and sulphur content can be effectively
reduced, which is reflected in the operating costs of coal processing.

The amount of waste rock can significantly affect the value and variability of the to-

tal extraction costs and thus the resulting NPV. The highest variability in extraction

costs (up to 81.0% with a decrease in the net coal output from 75.0% to 50.0%) is in

the high scenario (Table. 5d), where the formulas for estimating fixed and variable

costs include the additional corrections of the flexibility of costs in relation to the net

coal output.

¢ The impact of gangue on the value and variability of the total extraction costs is
not a linear function. Approximating the actual costs of extraction with the use
of formulas No. 3 and 4, the highest variations in costs and valuation should be in
the range of low values of the net coal output.

¢ The relative change in the NPV is the highest in the baseline scenario, with an
18% decrease in the net coal output (coal yield) resulting in the increase of total
extraction costs by nearly 30.6% and the decrease of Net Present Value by 872.4%
(Table 2d). The above average sensitivity of NPV, as in the case of the impact of
calorific value, is due to the conditions of the baseline scenario.
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The practical importance of the obtained results is also emphasized by the following
observations:

¢ For calorific value in the range of 21-27 GJ / Mg, the expected variability of revenues
from coal sales (with fixed baseline price of 190 PLN per 1 Mg of steam coal with ca-
lorific value of 21 GJ) ranges from 20.0% to 29.0%, respectively. However, the NPV
estimation error is in the range of 0.0—78.0%.

¢ In the case of hard coal deposits, where the actual coal output can be in the range of
60.0—80.0%, a change in extraction costs by as much as 53.0% can be expected. Such
a situation may apply in the case of twin deposits of limited thickness, as they can
rely on coal extraction costs from medium and thick coal seams.

Summary and conclusions

The paper presents an assessment of the direction and strength of the influence of key
quality parameters of coal and gangue on the value of geological and mining projects. This
is an issue of particular interest, especially given the current crisis of hard coal mining in
Poland.

The presented range of tests and results is important in the case of valuation of new
geological and mining assets or updating financial projections for coal mines planning to
undertake mining activities in relatively different geological and mining conditions.

The research has shown that both revenues and costs can significantly vary depending
on the assumptions on the quality of coal or the amount of gangue. In particular, the net coal
output can be a good meter of expected trends when it comes to the costs of mining activities.

The paper has not fully addressed the issue of the impact assessment of other factors re-
lated to the deposit and mining technology on the value and variability of revenues, expenses
or ultimately the value of investment projects in coal mining. The issue of the impact of the
analyzed variables on the assessment of the active mines and hard coal deposits value has
not been unequivocally settled. However, the paper points to the importance of the issues
analyzed in this area.

The question of valuation of mining and geological assets or economic risks associated
with extracting resources is further intensified by the degree of deposit exploration (pro-
specting), geographical distance of reference deposits, the diversity of geological and mi-
ning conditions, deposit’s depth, tectonic diversity or deposit depletion resulting from prior
exploitation. These features, however, are difficult to measure even though their impact, in
extreme cases, can completely rule out the chances for a profitable exploitation.

The study emphasizes the broad context of the issues discussed and the difficulty of pre-
senting them with use of the discount approach and scenario analysis only. There is a need
for other studies focusing on mathematical modeling using stochastic simulation, in order
to assess the impact of several correlated parameters on the value of investment projects at
the same time.
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The presented paper is a part of a larger work on guidelines allowing for the proper va-
luation of geological and mining assets taking into account additional estimation errors of
average values of quality parameters of extracted minerals. The research should be supple-
mented by the selection of the appropriate discount rate (a well-studied topic in the literatu-
re) taking into account additional uncertainties and risks.
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OCENA WPLYWU PARAMETROW JAKOSCIOWYCH WEGLA ORAZ SKALY PLONNEJ
NA WARTOSC GORNICZYCH PROJEKTOW INWESTYCYJNYCH - Z1L.OZ WEGLA KAMIENNEGO

Stowa kluczowe

gornictwo wegla kamiennego, aktywa geologiczno-gornicze, wycena, model symulacyjny,
przychody, koszty, uzysk wegla, zanieczyszczenie urobku, warto$¢ opatowa,

zawarto$¢ siarki, zawarto$¢ popiotu

Streszczenie

Artykut stanowi probe oceny wpltywu parametréw geologicznych i gorniczych na poziom przy-
chodow, kosztow oraz wartos¢ przedsiewzie¢ inwestycyjnych w gornictwie wegla kamiennego.

Teza pracy wiaze si¢ z przekonaniem autora, iz w obszar czynnikow istotnie wspotokreslajacych
ocen¢ przychodow, kosztow i efektywnos¢ eksploatacji nalezy wpisa¢, obok parametréw jakos$cio-
wych wegla, takze uzysk kopaliny.

Pomijanie lub pobiezna ocena parametrow jakosciowych wegla w poktadach oraz wptywu uzy-
sku na postep i1 koszty wydobycia moze istotnie znieksztatca¢ oceng potencjatu konkretnych akty-
wow geologiczno-gorniczych. Dotyczy to w szczegdlnosci wydobycia w nowych rejonach wydobyw-
czych lub tez nowych zlozach.

Do badan symulacyjnych zbudowano dedykowany model oceny pozwalajacy skwantyfikowac
kierunek i site wptywu wartosci opalowej, zawartosci popiotu i siarki oraz wspotczynnika uzysku
wegla netto (UWN) na poziom i zmiennos$¢ tacznych przychoddw, kosztow i ostatecznie warto$é
projektow geologiczno-goérniczych. W tym celu opracowano rowniez autorskie formuty szacowania
kosztoéw statych i zmiennych w funkeji zmiennego UWN.

Rezultaty badan przedstawiono ostatecznie w konwencji analizy scenariuszowe;j.

Uzyskane wyniki wskazujg na istotny wplyw warto$ci opatowe;j i ilosci skaly ptonnej mierzonej
zmienno$cig uzysku wegla netto na poziom generowanych przychodéw, kosztow oraz prognozowane
miary oceny dziatalno$ci operacyjnej hipotetycznej kopalni wegla kamiennego.

Wykazano, ze zmiana o 1 GJ wartos$ci opalowej moze powodowa¢ od 3,57% do 4,76% wzrostu/
/spadku facznych przychodéw. W przypadku z16z wegla kamiennego, dla ktorych realny uzysk wegla
moze waha¢ si¢ w przedziale 60—80% mozna oczekiwaé¢ zmiany kosztow wydobycia wegla nawet
0 53,0% w tym zakresie. Btad oszacowania NPV, przy zmiennos$ci wartos$ci opatowej w przedziale
21-27 GJ/Mg, moze wahac si¢ w przedziale 0-78%, natomiast spadek uzysku wegla o 18 pkt. moze
obniza¢ wyceng dziatalnosci operacyjnej kopalni nawet o 872,4%, co wynika z cech metody NPV
i opracowanego scenariusza bazowego (NPV = 0).

W publikacji nie wyczerpano zakresu analizowanej problematyki. Artykut stanowi czgs$¢ wigk-
szej calo$ci prac nad sformutowaniem wytycznych (wskazowek) pozwalajacych wlasciwie szacowaé
warto$¢ aktywow geologiczno-goérniczych w warunkach zmiennych parametrow geologicznych
i gorniczych, biorgc pod uwage dodatkowo btedy oszacowania wartosci $rednich cech jakosciowych
wydobywanej kopaliny.
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THE IMPACT ASSESSMENT OF QUALITY PARAMETERS OF COAL AND WASTE ROCK
ON THE VALUE OF MINING INVESTMENT PROJECTS - HARD COAL DEPOSITS
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Abstract

The paper is an attempt to assess the impact of geological and mining parameters on revenues,
costs and the value of investment projects in the hard coal mining industry.

The article reflects the author’s conviction that the factors significantly determining revenues,
costs and effectiveness of exploitation should include, in addition to coal quality parameters, the net
coal output.

Excluding or reducing the influence of quality parameters of coal in seams and the impact of coal
output on the progress and production costs can significantly hamper the assessment of the potential
(economic value) of specific geological and mining assets. This applies particularly to mining acti-
vities in new mining areas and deposits.

The studies were conducted with the use of a dedicated simulation model allowing for the measu-
rement of the direction and strength of the impact of the net calorific value, ash and sulphur content
and net coal output (coal yield) on the amount and variability of revenues, costs and, finally, the value
of geological and mining projects. For this purpose, the author’s formulas for estimating fixed and
variable costs as a function of variable net coal output (coal yield) were also developed.

The results of the studies were presented as scenario analysis.

The obtained results indicate a significant impact of calorific value and waste rock content indica-
ted by the variable net coal output (coal yield) on the level of generated revenues, costs and projected
valuations of hypothetical activities of a hard coal mine.

It has been shown that a change of 1 GJ in calorific value may result in a 3.57-4.76% increase/
/decrease in total revenues. In the case of coal deposits, for which the effective coal yield can vary
between 60—80%, there can be an expected change in mining cost of coal production by as much as
53.0% in this range.

The NPV estimation error, at variability of calorific value in the range between 21-27 GJ/Mg,
may vary within the range 0—78%, while the decrease in coal output by 18% can lower the valuation
of mining operations by up to 872.4% due to the characteristics of the NPV method and the developed
baseline scenario (NPV = 0).

The paper has not fully addressed the scope of the analyzed issue. The presented paper is a part
of a larger work on guidelines allowing for the proper valuation of geological and mining assets,
taking into account additional estimation errors of average values of quality parameters of extracted
minerals.



