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Abstract. To be used in practice, the paper proposes certain methods defining the ra-
tional output from the viewpoint of production activities as well as correlation of the operat-
ing resources to achieve the specified production scale. In such a way, return on assets is im-
proved in terms of similar degree of the key assets, labour, and material use. To apply the
technique properly and efficiently, a particular case has been considered determining an op-
timum production method for a coal producer.
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AHoOTauif. 3aNpONOHOBAHO MiAX0AM, AKI MOXYTb BYTM 3aCTOCOBaHI AN1A KOMMNIEKCHOI
OLiHKW BYTiIbHUX LIAXT, WO A03BONINTb BU3HAUYUTM PiBEHb NIATPMMKM 3 BOKY AeprKasu, a Ta-
KOXX CNPOrHO3yBaTU PiBEHb PO3BUTKY Ta KOHUEHTpPaLii ripHMyYnx pobiT y npocTopi. Bce ue go-
3BO/INTb 34,iMCHIOBATM ePEeKTUBHE yNpPaBAiHHA OCHOBHUMW BUPOOHMYMMU pecypcamm gaa nia-
BULLEHHA NOTEHLiaNy TEXHONOTYHMX CXeM BYrneBnaobyTKy Ta 3HUMKEHHA PiBHA 36MTKOBOCTI
OEepXKaBHUX BYTiIbHUX LLAXT.

Knroyosi cnosa: npodykmuesHuli nomik, supobHU4Ya pyHKYiA, edhpekmusHicme, Kpume-
piti.

Introduction. Currently, coal industry of the country is in a systemic crisis
depending upon a number of reasons. The reasons are stipulated by the key as-
set aging, unsatisfactory infrastructure, and poor level of labor mechanization as
well as by the underuse of raw materials resulting from mining. According to
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studies [1, 2], coal, methane, water, and waste are the productive flows of mines
[3, 4]. However, coal is the only basic raw material of production and economic
activities; and other productive flows are neglected. Turn our attention to the
key problems following underground mining to form topicality as well as aca-
demic and research sense of the paper:

- first, the resources, extracted from the Earth, cannot be used integrally.
However, the problem is that the unused accompanying productive flows affect
unfavorably the procedure, i.e. methane nonuse creates unsafe underground la-
bor conditions being potential of blast or methane outburst; water nonuse re-
sults in the necessity to have areas to be water segregators; and waste nonuse
involves the necessity to have extra areas to be applied as dumps etc. Hence, the
nonused productive flows impose technogenic environmental load, and worsen
labor conditions [5, 6, 7];

- second, constant increase in mining cost takes place;

- third, decline in coal output takes place resulting in deterioration of situa-
tion within the regions where mines are the township-forming enterprises [8];

- fourth, there are no technical approaches evaluating the potential to di-
versify mining operations. The majority of papers rely upon general recommen-
dations how to use methane or process rock dumps ignoring the economic out-
put and connection between the productive flows [9, 10].

Key trends identified based on research [1, 9, 11-20] explains that the fol-
lowing can be considered as the basic diversification tendencies:

- multiply use of resources following coal mining, i.e. transition takes place
from a mine determination as an enterprise mining coal to a mine as an enter-
prise being engaged in four minerals at minimum: coal, methane, waste (con-
taining rare elements and noble metals), and mine water [21].

Specific feature of mining diversification is as follows. Increased impact per
unit of the spent resources takes place; in this context, labour productivity of
miners is preserved. It is correct to say that diversification is the key to improve
economic performance as well as overcome crisis phenomena in the fuel and
energy sector [22].

Purpose is to propose methodological approach optimizing the parameters
of a coal mine operation under diversification. Productive flows of coal mines
have been considered as well as production functions. To solve the diversifica-
tion problem, ratios between the types of the invested capital and output level
in the form of raw material have been compared. Cobb-Douglas production func-
tion has been applied to develop a model supporting the coal mine activities; in
this context, diversification potential of the activities is involved.
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The main part. Generally, production functions are the ratios between ma-
terial goods and resources used in production. In their aggregate, they are pro-
ductive resources. According to the formulated problem, the productive re-
sources are: K being capital assets. In our case, coal, methane, water, and waste
are meant, i.e. the reserves prepared to be extracted and the facilities to extract
them; Q being materials, i.e. reserves and intermediate goods; and L being la-
bour resources, i.e. human work. In this context, the amount of the mined re-
serves X is the basic value. Consequently, a production function demonstrates
the ratio between K,Q, and L resources used in production and X output. The
abovementioned means that the production function is required to correlate a
value of the production vector X with a value of the resource vector Y. Then,

F=(%74)=0 (1
where A= {al, as, ..., ap} is vector of the production vector parameters.

Correlation (1) is nothing but a mathematical model for life support of
production. Each of the listed input and output functions is a vector variable, i.e.

K =jk1, k,, ...,kp}; Q f {ql, q2, ...,qp}; 2)
L= {ll, l,, ...,lp};X = {xl,xz, ...,xp};

Solution of the problem of production diversification should involve
comparison of the ratio between types of the spent resources and production
level in the form of raw materials. (1)-(2) ratios are applied since the resource
categories differ in their form and measurement types. Nevertheless, they have
to be generalized. For the purpose, it is required to move from the vector form
to the general one, i.e. monetary units should be used while data collecting.
Then, a degree of raw material consumption Q may help understand
consumption of reserves and intermediate goods in terms of time intervals (i.e.
monthly, quarterly, annually). Consumption of capital assets K is understood
owing to the amortization value as well as the fixed assets value. L is understood
through the wages paid; and output X is understood through the profits.

Determination of the specific type of a production function should involve
identification of X change tendencies depending upon K, Q, and L amount and
relying upon the obtained data. Earlier studies [2, 23, 24] have helped define that
the function of production life support under diversification, based upon (1) and
(2), is of a polynomial type. Hence, it is equal to the product of corresponding
power functions of resources and ag coefficient

X" =apgK*Q%L% (3)
where ag a1 a, and as are parameters (coefficients) of a production
function.

Ratio (3) is nothing but general function of Cobb-Douglas [25]. However, its
implementation should involve dynamics of the temporal changes since time is
also important resource /(t). Introduction of time resource into the ratio helps
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take into consideration a tendency of production changes. Thus, (3) can be
expressed as
X(t) = agK* (£)Q% ()L (t)e™ (4)
where e is basis of natural logarithms;
o is parameter characterizing production change; and
t is time (months, quarters, years).
Hence, taking into consideration dynamics of the changes in reserves, the
simplified version of (4) ratio will be represented as follows
X=F(,L) =a,K*L% (5)
To identify dynamics of changes in one raw material type elimination in
terms of the increase in one resource type when other resource involvement
value is unknown, changes in the output should be equal to
0F(K,L) (6)
0K
0F(K,L) 7)
oL
Expression (6) is the boundary asset efficiency; and expression (7) is the
boundary labour efficiency. Message of ratios (5)-(7) is as follows: gradual
increase in one resource type and permanence of another one result in gradual
decrease of raw material X extraction. It is quite important aspect in the context
of solving a problem of mining diversification since switch to one raw material
type extraction (for instance, methane or coal) as well as changes in capital asset
structure will initiate constant efficiency loss. Consequently, all types of
resources should be seen from a holistic perspective. In view of the fact that
diversification involves integrity of mineral mining (i.e. asset cost increases), the
production function may be expressed through B(t) multiplier evaluating the
improved efficiency of reserve use. Thus,
X = FIB(DK, L] (8)
Assume that the increased return on investment (ko>k:) factors into the
increase in labour productivity x and average return on investment as well as
boundary one remains invariable. If so, then (8) may be transformed into a
following form
x = fIB(t)k] (9)
Important observation follows from expression (9) that under mining
diversification, less use of the capital assets labour efficiency remains
unchangeable but both average and maximum return on the investment
increase. Hence, output per unit of the capital assets experiences its growth.
Consequently, it is possible to consider the associate resources, being mining
products of the basic mineral, as the additional production functions, i.e. a
production function for the diversified mining operations will be as follows
X" =agK*Q%[%]% (10)
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The point of expression (10) is: a life support model of the diversified mining
X" is focused on the utmost use of associate resources I(t) to maximize
production and economic performance in terms of constant value of K,Q, and L,
resources required to mine X mineral. Thus, /(t) components describes the
increase of return on investment in the absence of average and boundary labour
productivity. For instance, if the activities to demineralize mine water and use
the water as extra operating return are made [26], there is no labour productivity
increase on coal.

The proposed model (10) is quite important; moreover, it may be
implemented.

First, values of a;, a,, as, and a;components of equation (10) help indicate
the quality production parameters, i.e. monitor its development tendency which
will help to take timely action. Mathematical meaning of the ratio between a;,
a,, a3 and a; demonstrates elasticity of X enterprise life support model as for the
resource flows. It means they are used to identify the averaged value of the
resource flows at the enterprise

dX /dK
“=% /% -
_dX 4dQ 5
“=%/q 12

dX sdL
a=x/T 1)

dXx /dI
“=%/T 1)

In terms of equation (10), elasticity indices are equal to the equation
components
€k = Qq; €Q = Q2;€ = A3;€] = Uy (15)
Each of (11)-(14) equations demonstrates a tendency of change in mineral
X extraction depending upon 1% increase in the generated resource type. For
instance, suppose that 1% increase in the consumption of Q materials takes
place then the increase in coal mining X is considered, if eg=a,>0 argument in
equation (10) is positive. If the argument is 5 = a, < 0 then expansion in the
number of additional materials cannot result in the production increase.
Consequently, measures should be taken to reduce metal intensity of the
production. The abovementioned helps indicate the mine life support model and
what should be mentioned first while optimizing the operating parameters.
Second, coefficients of equation (10) allow making a judgment on the
productive efficiency in terms of 1% simultaneous increase in each resource use,
i.e. if a;+a,+asz+a,>1 then the efficiency results from the production scaling-up
being its concentration. If a;+a,+as+a;<1 then there is a tendency towards
decrease in the productive efficiency; hence, reduce in the scale is required.
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The abovementioned has helped us develop a mining model under
diversification. The optimization problem may be formulated as follows: it is
required to increase the funds raised by sales while minimizing the amount of
the spent resources S. The problem may be termed as the optimization of a
production method, and expressed as follows

X =apgK*L* - max;S = p;K + psL (16)

Hence, if n resources have been applied to mine a mineral then the initial

problem is formulated as follows

X = a0Y1a1Y2a2 ...Y,f" - max; (17)
S=pih +tp Yo+ -+ 0¥y (18)
(17)-(18) expressions help set down the resource consumption
Xk
Y, =———F 19
T (19)
S . Di
i=—=) Y (20)
P1 e~ b1

Optimum solution determination is reduced to a procedure of one-
dimensional search of output X. For the purpose, random initial value of coal
mining X!© is assumed, for which equation system (17) is solved relative to Y;
(i=1,2,...,n) variables to be solved according to equation (19). Define the total
resource costs in terms of the specified alternate solution

n
Sk = ZpiYi; k=012,..,m (21)
i=1

After that, cost variance d is identified
d=S-Sk (22)
where k is step number; and m is total number of steps.

If d>0 then there are additional reserves; the output may be increased. If
d<0 then the resources are not sufficient for the output; thus, it is required to
decrease output. If d=0 then the multiple use of resources takes place; hence,
the production method is optimal.

Optimum decision is made as follows.

Input data are: n being the number of the specified production resources;
0o, 01, 0>, an being the coefficients of Cobb-Douglas production function; S being
the allowable expenditures connected with the resources; Xy being the initial
coal output; dgy being the allowable variances of the estimated total expenditures
S from the assumed ones; g being the initial decision making step; and pi...pn
being the proportionality factor if each resource is set in money terms, i.e. pi=1.

Additional variables required for the decision making are: F being the
indicator of the decision procedure with the initial step g; | being the indicator
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of the step measurement direction; and t,t; being the indicators of d context
(i.e. positive or negative).

The fact of change in d means that redistribution of the production
structure has taken place, i.e. either resource amount is insufficient (if the value
is negative) or the resources are not applied completely (if the value is positive).
d index is the sum of t; and t,. Dichotomous search takes place until d becomes
equal to 0. Direction index / denotes a path to move (step increase or decrease).

For instance, it is required to calculate optimum output X' for a mine as
well as cost ratio between K,Q, and L resources in terms of the specified resource
total S.

Following equation system can describe the problem solution

X =agK*Q%L% - max
S =p1K +p,Q + psl.

Represent X,P,QL, and S in the form of conditional units (c.u.).
Consequently, a proportionality factor is p1=p,=ps=1.

Following data are the input ones: $=50000 c.u. being the total cost of three
resource types; Xo=300 thousand tons being the initial output; g= 50 thousand
tons being a step of changes in the output; and dg= 5 thousand tons being the
allowable output variance from the design overall production. According to the
data by [27], in the context of Western Donbas, coefficients of Cobb-Douglas
production function are a0=1.250; 0,=0.237; a,=0.151; and 03=0.736. Table 1
explains the procedure of optimum decision making.

Table 1 — Optimization results of the production method

# | xW L Q K Sk S d

1 | 300000 |247856.6 |50853.6 | 79806.4 | 378516.6 | 500000 | 121484
2 | 350000 |284285 |58327.6 |91543.6 |434156.2 | 500000 | 65843.8
3 | 400000 |[320140 |65680 |103080 |[488900 |500000 |11100
4 | 450000 |355518.4 | 72943 |114476 |542937.4 | 500000 |-42937
5 | 425000 |337875.4 |69326.2 | 108821 |516022.4 | 500000 | -16022
6 | 412500 |329037.2 | 67509.6 | 105946 |502492.8 | 500000 | -2492.8
7 | 406250 |[324598 |66598.8 | 104517 |495713.6 | 500000 | 4286.4

It follows from Table 1 analysis that 406 thousand tons will be the optimum
annual amount in terms of the specified ratio of K,Q, and L resources (line 7 of
Table 1). To make the solution more accurate, it is required to decrease a step
of output change. In terms of each d<0 value, the problem solving is inexpedient
since the use of the resources is not efficient.
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Logic of the calculations is simple. We specify X value of coal output and
determine the required amount of K,Q, and L resources for the production
volume. After that, the amount of the resources is calculated [28]. Following step
is to deduct the amount of three S* resources from the cumulative sum of S
resources. If S — S* is more than zero, then it is required to increase the annual
output by g value. Increase the annual output until S — S¥ < 0. Next, make a
decision concerning dg accuracy. Table 1 explains that the output being 300-400
thousand tons has a reserve for the output increase (lines 1-3 of the Table). A
resolve is made to increase the output by 50 thousand tons, i.e. up to 450
thousand tons (line 4). It is understood that the resources are not sufficient;
hence, the optimum decision is within 400...450 thousand tons. Determine the
optimum decision using the ordinal calculations (lines 5-7).

Conclusion. The paper is the first one proposing a model optimizing the
mining parameters under diversification. Specific feature of the study is the con-
sideration of the potential to apply each of four productive flows of coal mines
as well as interchangeability of the flows within the total production balance of
a mine. In addition, practical recommendations have been represented concern-
ing the ways of model application, determination of the performance indicators,
and identification of the optimum production structure.
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KOPUCTaHHA UMPKYAAPHOI EKOHOMIKM, WO CNPUATUME EKOHOMIYHOMY PO3BUTKY FipHUY0[06Y-
BHMX pErioHiB.

Kntouyosi cnosa: UupKynapHa eKoHOMIKa, 8i0xo0u, 2ipHU40006y8HI nidnpuemcmaa, Ha-
BKO/IUWHE cepedosuuye.

THE CIRCULAR ECONOMY ROLE IN MINING WASTE MANAGEMENT
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