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ESTABLISHING THE SPATIAL CONDITIONS AT THE SOUTH MINING
DISTRICT MAJDANPEK TO ACHIEVE THE CONTINUITY IN
ORE MINING: A PROPOSED TECHNOLOGY FOR
SEDIMENT LAYER REMOVAL"™

Abstract

Development of mining works at the South Mining District Majdanpek in the following short-term
period requires removal of water, sludge and sediment from the water collector on the open pit bottom
in order to create the necessary exploitation and spatial conditions for undisturbed operation of mining

equipment.

This paper presents the technology of sediment removal from the inactive water collector on the bot-
tom of open pit, which is a condition for maintaining the continuity of copper ore mining and processing
at the South Mining District the Majdanpek Copper Mine. The technology is designed from the aspect of
ensuring the maximum safety of people and mining equipment.

Keywords: Majdanpek Mine South Pit, technology, water collector, sludge and sediment layer, safety

1 INTRODUCTION

The South Mining District Majdanpek
operates within the company Copper Mine
Majdanpek, which is a part of the company
Zijin Bor Copper doo Company (former
Mining and Smelter Basin Bor Group).

The Copper Mine Majdanpek, in the
production, technical and technological
sense, represents a complex mining system
that has the activities from geological explo-
rations the mineral resources, ore exploita-
tion and processing to a number of support-
ing activities as the necessary support to the
core activities [1]. The ore production and
processing in the Copper Mine Majdanpek
is currently developed at the Open Pit South
Mining District and is of great importance

for the copper production in the system of
company Mining and Smelter Basin Bor
Group (RTB Bor Group) [2].

Mining activities at the open pit mine
South Mining District of the Majdanpek
Copper Mine currently take place in the
eastern side of the open pit. The ore excava-
tion currently takes place at the bench
B 215. Based on the current exploitation
conditions and situation on the site, the min-
ing operations can be developed to the
bench B 140. According to the planned
capacity, the operation would take place
over a period of six months. The amount of
ore that can be excavated in that period is
about 4,000,000 tons.

* Mining and Metallurgy Institute Bor, Zeleni bulevar 35, 19210 Bor, Serbia

™ The authors would like to thank to the Ministry of Education, Science and Technological Deve-
lopment of the Republic of Serbia for the financial support in implementation the Project No.
TR33038 “Improvement the Technology of Copper Ore Mining and Processing with Monitoring of
Living and Working Environment in RTB Bor Group “, from which the results presented in this pa-
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In order to achieve the planned capacity
of copper ore excavation and processing in
the next short-term period of 600,000 t ore
per month, it is necessary to provide the
exploitation and spatial conditions for the
undisturbed operation of mining equip-
ment at the South Mining District Maj-
danpek [3].

This means that it is necessary to enable
the development of mining operation at the
benches B 215 to B 110. This requires the
drainage and removal of materials from the
inactive water collector at the level L+150 m

to the bottom of the open pit, which is at
the level of L+122 m. This is necessary in
order to create the conditions for ore exca-
vation to be carried out smoothly.

2 MATERIAL CHARACTERISTICS
IN THE INACTIVE WATER
COLLECTOR

Figure 1 shows the location of inactive
water collector at the level L+150 m on
the bottom of the South Mining District
Majdanpek.

Location of the
inactive water
collector

Figure 1 Location of the water collector at the level L+150 m on the bottom of
the South Mining District Majdanpek Mine (north side view)

It is estimated that the three layers can
be separated in the water collector:

o Clear water layer

o Sludge layer

o Sediment layer

It is estimated that the clean water layer

is about 8 m deep with its solid phase
concentration of below 20% and the total

water volume of 350,000 m®. The sludge
layer is about 4 m deep; its solid phase
concentration is 20% - 40%, and the total
volume is 156,000 m®. The sediment layer is
about 18 m deep; its solid phase concen-
tration is greater than 40%, and the total
volume is 460,000 m”.

Figure 2 shows a profile of accumulated
layers.
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~—— Topography

H Layer of water (0 - 20% solid phase)
I_‘ Layer of sludge (20 - 40% solid phase)

- Layer of sediment material (>40% solid phase)

Figure 2 Profile of the accumulated layers [3]

3 TECHNOLOGICAL PHASES OF
MATERIAL REMOVAL FROM THE
INACTIVE WATER COLLECTOR

According to the defined layers, there
are three phases:
1) Phase 1: Clear water layer dewate-
ring
2) Phase 2: Slurry layer removal
3) Phase 3: Slurry layer removal.

3.1 Phase 1: Clear water layer dewatering

The drainage system of this water will be
a cascade type. Submersible pumps will be
installed in the accumulation to pump water
to the water collector at the level L+180 m,
from where it will be pumped by the stable
pumps to the precipitator for the physical
treatment of solid particles at the level
L+350 m, next to the crushing plant. This
purified water goes into the existing precipi-
tator with zeolites from which it is dis-
charged into the river Mali Pek.

3.2 Phase 2: Slurry layer removal

Slurry is planned to be transported by the
slurry pumps. The main parameters of the
slurry pumps: flow rate is 1271 m*/h, lifting
height is 64.6 m, rotation is 590 r/min, and
mortar power is 355 kw. Slurry is transport-
ted to the hydrocyclone system for classifi-
cation. The processing rate (considering the
fluctuation, coefficient 1.1) is 1019.46 m%h,

feed size is not above 10 mm, concentration
is 20 - 40%, pressure is 0.1 MPa, slurry con-
centration is 70%, settling rate is 221 m/h,
overflow concentration is 7.5 - 20%, and
overflow volume is 438.44 - 1240.48 m/h,
The settled sediments will be disposed by
the excavator loading + truck transportation.
The overflowing water is pumped into the
clear water drainage system and flow to the
outside ditch by the relay submersible
pumping and fixed pumping station.

3.3 Phase 3: Sediment layer removal -
proposed technology

Sediment layer was formed by material
deposition that collapsed from the mine
slopes with a larger participation of small
fractions, with the expected presence of a
solid phase in the average of 65% (mini-
mum 40%). The sedimentary layer thick-
ness, depending of the bottom of excava-
tion, and it is variable and assumed that the
maximum thickness is 18 m, i.e. from
L+138 m to L+120 m. Prior to the excava-
tion, i.e. after water draining of the sludge
layer and removal the sludge, it is necessary
to make a paved path to the presumed sedi-
ment layer level of L+ 138 m, so that a di-
rection of sediment excavation is from the
north to the south.
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A technology of sediment layer excava-
tion, which enables the safe movement of
machinery during operation, is proposed.
This can be achieved by formation a ramp of
about 8 m width and up to 5 m height from
the bulk material, obtained from the waste
excavation at the open pit. The bulk material
would have reached the location by the
trucks, and a ramp formation would be done
by a bulldozer, gradually with the excava-
tion progression of the sedimentary layer.
The northern part of the sediment bed is
optimal for the start of loading work. The
ramp will be gradually made from the north
to the south, i.e. from the level L + 138 to
about L + 125, with a constant angle.

Considering that the real situation of the
pit bottom in the area below the sediment
layer is not known, but will be gradually
discovered during the excavation of the

¥is0

[

sediment layer, the position of the ramp will
be adapted to the situation on site. By ana-
lyzing the problem, the initial ramp can be
constructed on the eastern side of the sedi-
ment layer, which would also serve to exca-
vate the depressions for water accumula-
tion. Depressions for water accumulation
will be excavated in the area within the
excavation radius of the loading equipment,
while the equipment itself is on stable
ground (excavation ramp), Figure 3.
Accumulated water in depressions will be
pumped out, unless the depressions are
filled back with sediment material. During
the material excavation from the sediment
layer, the accumulation of water near the
excavation ramp can be expected due to the
proposed backhoe excavation technology.
Also in this case, the water needs to be
pumped out of the work site.

LEGEND:

Possible excavation ramp locations

Possible locations of excavated depressions
for water acumulation

Initial platform for excavation ramp start

Upper surface of sediment layer (3rd layer)
on average elevation L+138

Figure 3 Possible excavation ramp locations for the sediment layer excavation [3]

The ramp will also enable the safe
operation of mechanization during drain-
age of the sedimentary layer. Figure 4

(a, b and c) presents the technological sche-
me for loading material from the sediment
layer.
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Figure 4 Technological operating scheme excavator-truck system on the loading material
from the sediment layer (a, b and c) [3]
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According to the sedimentary layer,
made of a non-cohesive material, where a
certain amount of sludge can be expected,
as well as the climatic conditions in the
Republic of Serbia in the spring period,
the slopes of sedimentary layer in the ex-
cavation process will be at the estimated
angle of 20-45°.

Due to the simulation and calculation
of loading and transport operations, the
equipment for loading and transport the
sediments, i.e. a hydraulic excavator
(backhoe) with a bucket capacity of 6.5 m®
and trucks with a capacity of 70 tons, will
be used. The same trucks will be used to
estimate the bulk material with a large-
granulation for ramp construction. The
loading of sediments will be carried out
above and below the excavator level, in
accordance with the ground conditions, as
described by the technological scheme.
Considering the length of the open pit bot-
tom, where the sediments will be loaded
(max. up to 500 m), and according to the
working conditions, the ramp should be
constructed with width from 8 m to 16 m on
a part with length of about 40 m, for every
50-100 m. These parts should provide a
passage and turning of trucks near the load-
ing area. In a part of the open pit bottom,
due to the terrain conditions, with a larger
width of the sedimentary bed, where it is
difficult to excavate from one central ramp;
two or three parallel ramps can be formed
from the central one. With these parallel
ramps, the sedimentary bed would be co-
vered in the entire width.

Loaded material from the sedimentary
layer will be transported by trucks to the
location of disposal, so called the "Bugarski
potok", south-west of the southern part of
the open pit. In case of material loading
with a higher amount of liquid phase, it is
suggested that the trucks would not be loa-

ded up to maximum, but 50% of the
"struck™ volume of the truck’s hopper. This
scale of loading can be increased if it is
permitted by the material characteristics.

At the place of disposal, the formation
of ramps and safety ramparts with 1-2 m
height is proposed. This would protect the
trucks in a case of unloading the grain mate-
rial, and also, to make place for maneuver-
ring the trucks on the unloading point easier
to maintain. The disposal site can be divided
into several unloading locations, which will
allow more efficient drying of the unloaded
material.

Figure 5 shows the locations for loading
and unloading of sedimentary material, the
location for loading the ramps for ramps
construction and the transport lines for
transport the sedimentary material and
waste.

4 CONCLUSION

In order to ensure the realization of the
600,000 tons of excavation and processing
copper ore monthly, it is necessary to create
the exploitation and spatial conditions at the
Open Pit South Mining District Majdanpek.

To fulfill these requirements, it is neces-
sary to remove the layers of water, sludge
and sediment from inactive water collector
at the level L + 150 m. Materials will be
removed in three stages. First, clear water
layer will be dewatered, then slurry layer
will be removed and finally slurry layer will
be removed.

The proposed technology envisages the
operation of existing equipment for loading
and transport of materials. Also, the pro-
posed technology was designed from the
aspect of ensuring safe operation of people
and equipment during the mining operations.
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mmm  Sediment material loading
location (L+138 - L+120)

=== Waste loading location
(from regul ar production)

dumping location (L+580)

=7 O === Sand and sediment material
L =

e Transport route (sediment material)

Transport route

(waste material for ramp formation)

Figure 5 Transport lines for material from the sedimentary bad (pink) and waste form
the ramp construction (orange) [3]
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STABILITY OF THE DAM "PREVOJ SASKA“ OF THE FLOTATION
TAILING DUMP ‘VALJA FUNDATA“ IN MAJDANPEK ™

Abstract

The existing dam "Prevoj Saska" is located on the active flotation tailing dump "Valja Fundata" in
Majdanpek. Since there is no valid documentation for the current maximum height of dam K+538 m,
and disposal of tailings into this landfill is continued, the stability of dam has been carried out. Stability

is calculated with the software SLIDE v6.0.

Keywords: dam "Prevoj Saska", stability analysis, software SLIDE v6.0

INTRODUCTION

From the beginning of the work of the
Copper Mine in Majdanpek, the flotation
tailings are deposited in two tailing
dumps, out of which one is the main and
the other auxiliary, that is, accidental. The
tailing dump "Valja Fundata" is the main
tailing dump. This tailing dump has been
formed in the valley of the Valja Fundata
stream, which starts right in front of the
Copper Flotation Plant in Majdanpek. In
order to enable the use of the valley Valja
Fundata for deposit of flotation tailings
and formation an accumulation reservoir
lake for the return of technological water
back to the flotation process, it was neces-
sary to adequately close all karst channels
in order to prevent the leakage of tailings
and water, where it was allowed the
leachate water to flow smoothly into the
Veliki Pek River.

The beginning of formation the tailing
dump “Valja Fundata” dates back to 1961.

The tailings were discharged in part of a
limestone massif directly from the canal,
since the system for separation the bulky
tailings was not in a function, which, as a
general consequence, has an anisotropic
character - sludge and bulky tailings to-
gether. The proximity and position of the
cleaned water collector, combined with a
large drainage surface, compared to the
initial precipitation lake, prevented mowing
away of the clear water from the limestone
massif. This was directly influenced by the
surface ore parts that, due to the presence
of large quantities of clay material under
water, occupy a small drop, almost hori-
zontal.

The dam "Prevoj Saska" was built up
to the level K+538 m, length of 460 m,
width of 180 m basically and the width of
crest is 12 m. It has a drainage system at
the level K+518 m, which is in function,
and at the level K+524 m, which is fore

N Mining and Metallurgy Institute Bor, e-mail: radmilo.rajkovic@irmbor.co.rs

““This work is the result of the Project No.TR37001 "Implementation of the Modern Technical, Techno-
logical and Ecological Design Solutions in the Existing Production Systems of the Copper Mine Bor
and Copper Mine Majdanpek", funded by the Ministry of Education, Science and Technological De-

velopment of the Republic of Serbia
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seen for future overtops. In the central
profile of the dam, two piezometers were
placed as well as five piezometers on the
natural terrain toward the accidental tai-
ling dump "Saski Potok". It is the only
dam on this tailing dump that is in contact
with water, although in recent years the
water has been rejected from the dam by
formation a beach of the unclassified tai-
lings, width of 80 - 100 m. In this sector,
there is also a floating pump station that
has not been moved in time, and therefore
the water level has increased to ensure the
normal operation of the pump station.

This paper presents a stability chec-
king of the dam "Prevoj Saska" for the
current operating conditions, as well as in
case of further operation for the next 2 m
at each 0.5 m of the water level increase

from the current level. The aim of this
checking is to determine the maximum
water level in which the stability of the
dam "Prevoj Saska" and safe operation of
the "Valja Fundata" landfill are ensured.

BASIS FOR THE STABILITY
CHECKING

The stability checking analysis of the
dam "Prevoj Saska" of the flotation tailing
dump "Valja Fundata” in Majdanpek was
carried out on a profile placed through the
piezometers in the dam body. The geode-
tic state of the dam was recorded in Octo-
ber 2018 by the Geodetic Department of
the RBB. The water levels were taken in
September 2018. The position of profile is
given in Figure 1.

o -'}Vg’dinn ogladalo” /

Figure 1 Position of the

At the location “Prevoj Saska“, one
probe drill hole B-3 with a total depth of
31 m and description was made in the
flotation tailings. During drilling, 14 sam-
ples were taken from the B-3 drill hole
and the tests of grain-size distribution,
humidity, bulk mass, water permeability
coefficient and direct shear were made on
all samples. [1, 2]

analyzed dam profile

Since it was not established whether the
cyclonized sand or unclassified pulp com-
position and at what depths were not found
in a drill hole, and arrangement of the cy-
clonized sand benches during the dam con-
struction is not known, then only on the
basis of differences in the results of the
above mentioned laboratory tests, the fo-
llowing can be determined:
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» The grain size distribution indi-
cates that the grain size of 0.075
mm ranges from 15% to 40%, indi-
cating that the unclassified pulp
was embedded, or the cyclone ope-
ration was variable.

» The water permeability coefficients
range from 1.18x10° m/s to 5.4x10°
m/s, which can be the result of
changes in the grain size distribution.

» The shear resistance tests range from
the angle of friction ¢ = 24° and co-
hesion C =0 to ¢ = 26° and cohesion
C =6 kPa.

» The bulk density in dry state (com-
paction) ranges from 1.590 g/cm®
to 1.857 g/cm®; the bulk density in
wet state from 1.711 g/cm® to
2.265 glem®.

» The humidity of samples ranged
from 3.3% to 10.5% to 10 m depth,
and below that depth from 15% to
27.5%

No shear resistance tests were carried out
for the rock mass, while the value of

¢=40°C and C = 60 kPa with bulk density
of 2.4 glcm?® based on the test from the pre-
vious years was adopted for the project of
overtop the dam "Pustinjac”, but these data
were not important for the dam stability
since the rock is at a great depth, which is
also the case for the dam “Prevoj Saska“.

According to the presented results, it can
be expected that the lowest values corre-
spond to the unclassified pulp, and most the
the cyclonic sand. The unclassified pulp was
probably used because the amount of over-
flow is insufficient to follow a dam for-
mation with cyclonized sand, and to achieve
the required beach slope of about 1:10, as
was the cases with the project of overtop the
dam "Pustinjac".

Stability checking [3-11] was done by
the SLIDE v6.0 program of ROCSCIENCE.
With SLIDE, the stability checking is ca-
rried out in the conditions of limit balance.
The checking was made according to the
Janubu method. For the stability checking,
the calculation parameters are given in
Table 1.

Table 1 Calculation parameters for stability checking

Working environment Cohesiozn, Angle_ of_ internal Bulk dengity,
kN/m friction, ° kN/m

Material in a dam 0 24 15.6

Base 60 40 235

The impact of groundwater on stability
was modeled with a piezometer line on the
analytical profile. Position of the piezometer
line for the current condition was determined
based on the level of water mirror and
measured water levels in the piezometers.
The piezometric water level was also de-
fined at every 0.5 m increase in the water
level to a height of 2 m.

STABILITY CHECKING

Stability checking was carried out in the
static conditions and dynamic conditions for
occasional earthquake occurrence with the
seismic coefficient, which for the Majdan-
pek area is K; = 0.13 for an earthquake of 8°
MKS and return period of 475 years. The
results of stability checking for the current
state and increased water level are shown in
Figures 2 - 11 and Table 2.
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Figure 11 Dynamic safety coefficients by the Janub method with the increased water level 2.0 m

Table 2 Summary overview of the stability coefficient

Profile P — P’ F, static F, dynamic
Existing state 1.375 0.903
Water level +0.5 m 1.319 0.874
Water level +1.0 m 1.277 0.852
Water level +1.5 m 1.225 0.826
Water level +2.0 m 1.181 0.804
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By comparison the obtained safety coef-
ficients of the flotation tailing dump dam
with the allowed minimum coefficient, pre-
scribed technical conditions for design of
earth dams and hydro technical emban-
kments - SRPS U.C5.020, which for the
earth dams above 15 m is minimum
Fs = 1.50 in case of the constant static load,

or F; = 1.00 in case of the occasional dy-
namic load for the earthquake occurrence, it
can be concluded that the obtained safety
coefficients for static and dynamic loads are
below the prescribed values.

Figure 12 shows the linear dependence
of change the safety coefficient for the static
and dynamic loads from the water level.
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Figure 12 Dependence diagram of changing the value of safety coefficients from the water level

CONCLUSION

For deposition the flotation tailing of
RBM, in addition to the existing tailing
dumps, there is no alternative without large
investments. Due to these reasons, a tech-
nical — technological solution should be pro-
vided for maximum use of their spatial ca-
pabilities.

Observation should be carried out in or-
der to prevent a possible damage by timely
detection a phenomena and occurrences that
adversely affect the stability, as well as to
establish a program of works for partial

remediation and repair, ongoing mainte-
nance and general rehabilitation of the dam.

The maximum level of water mirror in
the tailing dump should not be above the
K+23.3 m. This entails the removal of water
mirror from the dam crest and displacement
of the pump station from the existing loca-
tion.

For monitoring of the influx water
through the dam body, it is necessary to
select the characteristic profiles on which the
piezometers are placed in a straight line of
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the embankment. With such arrangement of
piezometers, a precise position of the influx
level line is reached. With previously per-
formed laboratory tests and with the results
of other observations and measu-rements, a
complete set of measured values is obtained
on the basis of which the dam stability will
be calculated.
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Abstract

This work presents the variant technical solutions for transport of waste to the external landfill of
the open pit Gacko. The construction of road has several purposes and should ensure the stabilization
of the outer landfill in the zone with deposited quaternary sediments as well as the waste transport to
the external landfill by the high-capacity trucks. The selection of a more favorable variant was made
from the aspect of unit costs for the waste transport and from the aspect of the costs of variant solu-

tions.

Keywords: technical solution of the road, open pit Gacko, unit transport costs, transport capacity

INTRODUCTION

Coal exploitation works at the open pit
Gacko are currently performed according to
the Main Mining Design of the open pit
Gacko - Central field for the capacity of
2.3x10° t/year of run-of-mine coal. The coal
exploitation is developed in two zones, the
roof and central exploitation zone [1].

The exploitation conditions at the open
pit Gacko are very complex and expressed
through the mining-geological, mining-
technical and techno-economic indicators
[2]. The exploitation of coal at the open pit
Gacko are developed in two zones. The
Field C, which is the central exploitation
zone and the zone of roof coal series [3]. In
order to ensure the undisturbed develop-
ment of mining operations in the roof coal

zone and provide continuity in the coal sup-
ply, it is necessary to excavate the quater-
nary sediments. The quaternary sediments
are deposited on the eastern outer landfill.
Because of the poor physical-mechanical
characteristics, due to the heavy precipita-
tion, the stability of deposited quaternary
sediments was disturbed. The road ramp
must ensure the stability of external landfill
in the zone where the quaternary sediments
have been deposited, waste transport from
the Central Field, waste transport from the
roof zone, transport of equipment and
maintenance of the collecting water collec-
tor located in front of the Central zone de-
velopment [4]. A layout of the mining fa-
cilities is shown in Figure 1.
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the Harmful Effect on the Environment”, funded by the Ministry of Education, Science and Techno-
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Figure 1 Layout of the mining facilities at the open pit Gacko

The route of road (embankment) for
waste transport and stabilization of the
external landfill

For the needs of waste transport and
the need for ongoing maintenance of the
water collector, it is necessary to make the
route of road from Field C. In addition to
the road route, it is necessary to form a
protective embankment in the north-
eastern part of the external landfill. The
main function of the protective embank-
ment is to carry out the landfill stabiliza-
tion in a part where the quaternary sedi-
ments and waste from the Roof zone are
deposited, characterized by the poor phy-
sical-mechanical characteristics. In addi-
tion to the stabilization function of the
external landfill, the protective embank-
ment will have a function of the road. Just

because of its function, the road and land-
fill must be built from the high quality
marble material from the central exploita-
tion zone of the Field C.

Variant 1

Two variants of the road route were
considered. In the Variant 1, the road con-
sists of three sections (Figure 2). Section 1
represents the road route to the protective
embankment of the landfill; Section 2
represents the protective embankment, and
Section 3, which will be a connection be-
tween the protective embankment and the
old Kulski road.
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Figure 2 Overview of the road route section for the waste transport and external
landfill stabilization

Section 1

Section 1 of the road route consists of a
part located in a contour of the open pit
(Field C) and a part located outside a con-
tour of the open pit. In the contour of open
pit, it is necessary to build a ramp from the
level of 920 m above sea level to 938 m
above sea level. After the ramp construc-
tion, the road route on the ground will be
done. It is necessary to remove the quater-
nary sediment and replace it with a marble
material. After replacement of the quater-
nary sediment, it is necessary to overcome
the road at a height of 1.5 meters and make

a connection up to a level of 750 m above
sea level where a crest crown of the protec-
tive embankment of landfill will be posi-
tioned. The quantities of excavated material
on the ramp development are given in Table
1. Table 2 lists the masses of quaternary
sediment that need to be excavated. Table 3
lists the quantities of material that need to
be filled. The length of the first road section
is about 760 m, the width is 18 m. Calcula-
tion was made in the Gemcom Gems soft-
ware package in the Road Construction
module.

Table 1 Quantities of materials that need to be excavated

for a ramp construction

ROCKGROUP PLANE Volume m®
WASTE N-920 10672

Table 2 Quantities of quaternary sediment that need to be excavated
ROCKGROUP | PLANE Volume m®
WASTE N-940 31 005

Table 3 Quantities of material that needs to be filled

up to the level 750 m above sea level

ROCK GROUP | PLANE

Volume m*

WASTE N-950

113 875
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Section 2

After making the Section 1, a protective
embankment of the external landfill will be
constructed. The embankment is formed of
marble material up to the level 750 m

above sea level. Table 4 lists the quantities
of marls that need to be built in into the
protective embankment. The length of pro-
tective embankment is about 720 m.

Table 4 Quantities of material that need to be filled

to the level 750 m above sea level

ROCK GROUP | PLANE

Volume m®

WASTE N-940

98 798

Section 3

In order to establish a connection with
a water collector, it is necessary to con-
struct a part of the road from the protec-
tive embankment to the old Kulski road.

The road will be built from marl. The
length of the third section is about 140 m.
The quantities of marl needed for road
construction are given in Table 5.

Table 5 Section 3 Kulski road— protective embankment

ROCK GROUP | PLANE

Volume m®

WASTE N-940

15355

Variant 2

Variant 2 consists of 3 sections of the
road. Section 1 includes the development
of road route from the mine road (the road
used for transport of coal from the Roof
zone) to the old Kulski road; Section 2

enables the connection from the old Kul-
ski road to the protective embankment of
the external landfill, and Section 3 repre-
sents the protective embankment (Figu-
re 3).

Figure 3 Variant 1 of the road route
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Section 1

In order to construct the Section 1, it is
necessary to replace the mass of quater-
nary sediment with marl. The length of the
Section 1 is about 960 m. The quantities
of quaternary sediment that need to be
excavated are given in Table 6.

Table 6 Quaternary sediment cut

The quantities of marble material that
need to be installed instead of the quater-
nary sediment are given in Table 7. The
marble material needs to be filled to the
level of 750 m above sea level.

ROCK GROUP | PLANE Volume m*
WASTE N-940 77 200
Table 7 Marble material embankment
ROCK GROUP | PLANE Volume m®
WASTE N-940 93 332
Section 2

In order to establish a connection with
the protective embankment of the external
landfill, it is necessary to make a route of
the road. The road route is made of marl.

The length of the Section 2 is about
140 m. The masses to be built during the
construction of this part of road are given
in Table 8.

Table 8 Section 2 Kulski road — protective embankment

ROCK GROUP | PLANE

Volume m*

WASTE N-940

15355

Section 3

Section 2 is a protective embankment
of the external landfill. The embankment
is formed of marble material up to the
level 750m above sea level. Table 9 list

the quantities of marl that need to be built
in into the protective embankment. The
length of the protective embankment is
about 720 m.

Table 9 Quantities of material that need to be filled up to
the level 750 m above sea level (Section 2)

ROCKGROUP PLANE

Volume m®

WASTE N-940

98 798
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CALCULATION THE TRANSPORT
CAPACITY PER OPERATIONS
FOR THE TRANSPORT ROAD
CONSTRUCTION

Belaz 75135 trucks with a capacity of
110 tons are envisaged for the material
transport. The hydraulic excavators Ko-
matsu PC 800 or Hyundai R800, bucket
volume of about 5 m® are envisaged for
excavation. Calculation is made in the
Talpac software package.

The Talpac computer program was
used to calculate the system of excavator -
truck. On the basis of the input parame-
ters, the time capacities of a truck for a
given route are calculated.

The work organization at the open pit
Gacko is 365 days a year, 7 working days a
week, in 3 shifts. The total effective time
during the year is 3,500 h. Based on the

presented organization, the following
planned working hours were used for the
calculation of loading and transport:
- Total possible number of shift per
year: 1,095 shift/year
- Duration of shift: 8h
- Number of workig hours per year:
8,760 h
- Effective working hours in a shift:
55h
- Effective working hours per year:
3,500 h

Tables 10 and 11 show the results of
truck transport calculation per sections
obtained in the Talpac software package.

Table 10 Capacity of truck transport (hm*/h) in the formation of transport and service

roads towards the external landfill

Transport of marl
Transport of Transport of Transport 9f marl for formation the
Transport humus for formation the .
. 3 marl for road . road from landfill
capacity hm/h | (quaternary formation landfill embankment to
sediments) embankment
the asphalt road
Variant 1 115.54 149.55 139.56 116.39
Variant 2 120.31 132.16 99.27 105.87

Table 11 Capacity of material transport (hm3/h) in the construction of envisaged facilities

Transport capacity | Cut and embankment | Embankment of Iansf?ﬁ%:r:g;tkk;ﬁent
hm®/h of the road the landfill to the asphalt road
Variant 1 265.09 139.56 116.39
Variant 2 252.47 99.27 105.87

CALCULATION THE NORMS OF
MATERIAL AND ENERGY ON
TRANSPORT BY SECTIONS
(FACILITIES)

Variant 1

Tables 12, 13, and 14 show the calcu-
lations of the consumption norms for

the sections (facilities) that need to be
made.
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Table 12 Material and energy consumption norms and unit costs for material transport
on construction of road cut and embankment in Variant 1

Road cut and embankment Quantity U(ré'/tuﬁ:t';: € U(ré'/thf:gs; S cosli?(ié 1)
Fuel norm (I/hm?) 0.395 0.70 0.277 0.146
Lubricant norm (kg/hm®) 0.040 2.00 0.079 0.042
Oil norm (I/hm°) 0.043 3.50 0.152 0.080
Tire norm (pcs./hm®) 0.000005 2,000.00 0.009 0.005
Norm of spare parts (kg/hm?) 0.004 10.00 0.035 0.018
TOTAL 0.552 0.290
Table 13 Materialand Energy Consumption norms and Unit Costs for material
Transport on Construction the landfill embankment in Variant 1
Landfill embankment Quantity U(rél/tlﬁ),:tl;: € U(re“/th‘;ﬁi)ts co:i?(ié )
Fuel norm (I/hm®) 0.750 0.70 0.525 0.276
Lubricant norm (kg/hm?®) 0.075 2.00 0.150 0.079
Oil norm (I/hm?) 0.083 3.50 0.289 0.152
Tire norm (pcs./hm?) 0.000009 2,000.00 0.017 0.009
Norm of spare parts (kg/hm®) 0.004 10.00 0.035 0.018
TOTAL 1.016 0.535

Table 14 Norms of material and energy consumption and unit costs of material transport on
the road construction from the landfill embankment to the asphalt road in Variant 1

Road from the landfill . Unit price Unit costs Unit costs
embankment to the asphalt road Quantity (€/unit) (€/hm°) (€/t)
Fuel norm (I/hm®) 0.900 0.70 0.630 0.331
Lubricant norm (kg/hm®) 0.090 2.00 0.180 0.095
Oil norm (I/hm°) 0.099 3.50 0.346 0.182
Tire norm (pcs./hm?) 0.000010 2,000.00 0.021 0.011
Norm of spare parts (kg/hm®) 0.004 10.00 0.035 0.018
TOTAL 1.212 0.638

Variant 2

Tables 15, 16 and 17 provide the cal-
culations of the consumption norms for

the sections (facilities) that need to be

made.
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Table 15 Norms of material and energy consumption and unit costs for the material
transport on the construction of road cut and embankment in Variant 2

Road cut and embankment Quantity U(rg/tuz:t';: € U(ré'/thi??; S Unéé/i())‘%ts
Fuel norm (I/hm®) 0.415 0.70 0.290 0.153
Lubricant norm (kg/hm?) 0.041 2.00 0.083 0.044
Oil norm (I/hm°) 0.046 3.50 0.160 0.084
Tire norm (pcs./hm?) 0.000005 2,000.00 0.010 0.005
Norm of spare parts (kg/hm?) 0.004 10.00 0.035 0.018
TOTAL 0.577 0.304

Table 16 Norms of material and energy consumption and unit costs for the material

transport on the construction of landfill embankment in Variant 2

Landfill embankment Quantity U(ré'/tl?l:t'; € U(';'/Lf:l)gs)t S Unéé/i())Sts
Fuel norm (I/hm®) 1.055 0.70 0.738 0.389
Lubricant norm (kg/hm®) 0.105 2.00 0.211 0.111
Oil norm (I/hm?) 0.116 3.50 0.406 0.214
Tire norm (pcs./hm?) 0.000012 2,000.00 0.024 0.013
Norm of spare parts (kg/hm®) 0.004 10.00 0.035 0.018
TOTAL 1.415 0.745

Table 17 Norms of material and energy consumption and unit costs for the material
transport on the construction of road from the landfill embankment to the

asphalt road in Variant 2

Road from the landfill Quantity Unit pl"iCE Unit cossts Unit costs
embankment to the asphalt road (€/unit) (€/hm°) (€/t)
Fuel norm (I/hm®) 0.989 0.70 0.692 0.364
Lubricant norm (kg/hm?®) 0.099 2.00 0.198 0.104
Oil norm (I/hm°) 0.109 3.50 0.381 0.200
Tire norm (pcs./hm?) 0.000011 2,000.00 0.023 0.012
Norm of spare parts (kg/hm®) 0.004 10.00 0.035 0.018
TOTAL 1.329 0.699

Table 18 shows the unit costs of material transport for the facilities (sections).

Table 18 Unit costs of material transport (€/hm3) in the construction of

envisaged facilities

Road cut and Landfill Road from the landfill
embankment embankment embankment to the asphalt road
Variant 1 0.552 1.016 1.212
Variant 2 0.577 1.415 1.329
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Table 19 shows the norms of unit costs
of material transport and energy in

loading for construction the facilities (sec-
tions).

Table 19 Norms of material and energy consumption for material loading

. . . Unit price Unit costs Unit costs
Excavation and loading Quantity (€/uni) (€/hm®) €/f)
Fuel norm (I/hm°) 0.238 0.70 0.166 0.088
Lubricant norm (kg/hm?) 0.024 2.00 0.048 0.025
il norm (I/hm?) 0.026 3.50 0.092 0.048
Norm of spare parts (kg/hm®) 0.004 10.00 0.035 0.018
TOTAL 0.340 0.179

Bulldozer capacity on the road
construction

The bulldozer capacity calculation was
made according to a methodology pro-
posed by Caterpillar for a mean length of
50 m, which would carry out the transport,

planning and compacting of t unloaded
material.

According to this methodology, the
bulldozer capacity in planning is:

Qn=470-0.75-0.7-1-1-0.8-0.67 - 1 =132 rm*h = 102 hm*h

The same type bulldozer would be en-
gaged in planning the deposited quaternary
layers and its capacity in these works would
be increased by 50% due to the operation
conditions and material characteristics being
disposed, i.e. it would be about 150 m%h.

Material and energy norms in marl
planning in the road construction are gi-
ven in Table 20, while the material and
energy norms of bulldozer work in plan-
ning the deposited humus are given in
Table 21.

Table 20 Norms of material and energy in marl planning in the road construction

Marl planning Quantity | Unitprice [ Unitcosts | Uni costs
Fuel norm (I/hm°) 0.453 0.70 0.317 0.167
Lubricant norm (kg/hm®) 0.045 2.00 0.091 0.048
Oil norm (I/hm°) 0.050 3.50 0.174 0.092
Norm of spare parts (kg/hm®) 0.004 10.00 0.035 0.018
TOTAL 0.617 0.325
Table 21 Norms of material and energy in planning of disposed humus
. . Unit price Unit costs Unit costs
Humus planning Quantity (€/unit) (€/hmd) @)
Fuel norm (I/hm®) 0.270 0.70 0.189 0.099
Lubricant norm (kg/hm®) 0.027 2.00 0.054 0.028
0il norm (I/hm°) 0.030 3.50 0.104 0.055
Norm of spare parts (kg/hm?) 0.004 10.00 0.035 0.018
TOTAL 0.381 0.201
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For the fine planning of the road wear-
ing surface, the graders are engaged, and
calculation of the standard consumption for
graders is calculated on the example of a
grader, power of about 200 kW, i.e. Cater-
pillar 16H type grader (power P = 201 kW,
mass 24.7 t and plow width L = 2.98m).
Capacity of this grader is calculated accord-
ing to the form;

Qn =V-(Le —Lo)-ki

where:
Qn — hourly capacity of a grader
v — operation speed of grader movement
(v=4.5 km/h — medium speed of
movement in planning)
L. — effective plough width of a grader

Le=L-cos0=2.98m-cos30°=2.58m

where:

L — plow width (and plow width
1=2.98 m)

a — plow inclination angle relative to
the angle (frequently 30°)

L, — width of passage overlapping for
grader (L, =0.3m)

k; — coefficient of time utiliyation in a
shift (k; = 0.8) and capacity is:

Qn=V- (Le—Lg) - 1000 - k=
=45 -(2.58-0.3) - 1000 - 0.8 =
= 8208 m?/h

Norms of energy and material con-
sumption for a grade type CAT 16H,
power 201 kW and capacity of 8208 m%h
are given in Table 22.

Table 22 Norms of grader consumption in fine road planning

Fine planning Quantity U(Z'/tuzz;: € U?elsr%(z))s ts
Fuel norm (I/m%) 0.004 0.70 0.003
Lubricant norm (kg/m?) 0.000 2.00 0.001
Oil norm (I/m?) 0.000 3.50 0.002
Tire norm (pcs/m?) 0.0000001 1,350.00 0.00013
Spare parts norm (kg/m?) 0.004 10.00 0.035
TOTAL 0.041

Table 23 gives the unit costs for
individual technological procedures for

the construction of transport road and
landfill embankment.

Table 23 Unit costs of material transport according to certain technological procedures
for transport road construction and landfill embankment

Technological procedure Unit Variant 1 | Variant 2
Transport of materials during the construction of the road | (€/hm®) 0.552 0577
and road ' '
Transport of materials in the construction of landfill sites | (€/hm?) 1.016 1.415
Transport of materials during the road construction from | (€/hm°) 1912 1.329
embankment landfill to the asphalt road ' '
Loading material (€/hm°) 0.34 0.34
- : 3

;:I(;:?]tir#gttl)()),nbﬂl:jooai rembankment and rough material (€/hm”) 0.617 0617
Planning a disposed humus by bulldozer (€/hm°) 0.381 0.381
Construction of the wearing surface of road and fine ma- | (€/hm®) 0.041 0.041
terial planning by graders ' '
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Table 24 gives the unit costs, material

quantities and total costs for variant solutions.

Table 24 Unit costs, quantities of materialand total costs for variant solutions

Unit costs Material Total costs
quantities (m®) ©

Technological procedure Unit | Var.1 | Var.2 | Var.1 | Var.2 | Var.1 | Var.2
Transport of materialsinthe | o s\ 550 | 0577 |144,880 170,532 | 79,974 | 98,397
road construction and road
Transport of materialsinthe | o, o)\ 1 016 | 1415 | 98,798 | 98,798 | 100,379 |139.799
construction of landfill sites
Transport of materials in road
construction from the landfill (€/hm3) 1.212 1.329 | 15,355 | 15,355 | 18,610 | 20,407
embankment to the asphalt road
Loading material (€¢/hm®)| 0.34 0.34 |269,705|284,685| 91,700 | 96,793
Construction of road
embankment and rough material (€/hm3) 0.617 0.617 |191,240|185,887 | 117,995 | 114,692
planning by bulldozer
Planning adisposed humusby | o\ 3| 381 | 0381 | 62,010 | 77,200 | 23,626 | 29,413
bulldozer
Construction of the road wear-
ing surface and fine planning of |(€/hm®)| 0.041 | 0.041 | 29,408 | 32,882 | 1,206 | 1,348
matrix by a grader

SUM | 433,489 | 500,849

CONCLUSION

In comparison the analyzed variants, the
advantage 1 is given to the Variant 1 due to
lower cost of production. In addition to this
factor, it should be kept in mind that the
eastern outer landfill can also be used for
placement of layered and inter-layered waste
from the central exploitation zone to the
extent that the combined system cannot ac-
cept the all excavated material. It is also
advantageous that the material excavated by
a combine and transported by trucks is dis-
posed to the subject location. The road con-
struction in Variant 1 does not interfere the
development of works in the upcoming pe-
riod, and the eventual advance of works in
that zone would be possible only by con-
struction a new ramp. In this case, the
transport of waste from the return zone
would go directly through the old Kulski
route. The Variant 1 provides more favora-

ble conditions for waste transport from the
central exploitation zone, and the average
length of material transport from the center
of work in the central zone and in Variants 1
and 2 is about 1800 m and 3600 m, respec-
tively.

The analysis was carried out for equip-
ment with which the open pit already pos-
sesses but the other mechanization cold be
also applied that meets the characteristics of
the working environment. The formation of
the road embankment would also have the
function of protecting space from water. The
disposal of quaternary sediments is envis-
aged on the final surface of the inner landfill
of the central field and this mass would be
used in the subsequent stages for remedia-
tion of a wider area, and these areas could be
immediately rehabilitated by the formation
of grasslands.
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Abstract

Foreign direct investment is directly dependent on the economic and, therefore, the overall social
progress in the world. The decrease or increase of foreign direct investment global flows result in a fall
or increase in economic indicators that measure and reflect the economic trends and results of the glob-
al economy. Being one of the most important elements, if not the most important, in strengthening the
world economy, the foreign direct investment plays a very important role in achievement the sustainable
development goals that require investments into the basic infrastructure, energy, water supply, climate
change alleviation, education, healthcare, as well as the production capacities in order to generate the
new jobs and higher incomes. The aim of this study is to emphasise the significance of foreign direct
investment flows, as well as to conduct a comparative analysis of sectoral distribution of these flows,
since, depending on the sector, the foreign direct investments have different effects on the economic
development of the host country.

Keywords: foreign direct investments, economic indicators, world economy, sustainable develop-

ment, sectoral distribution

1 INTRODUCTION

Individuals and groups of people ex-
changed the goods and services across bor-
ders of their countries, invested in the mines
and factories in other countries for centuries.
An indicator that reveals how fast is the in-
ternational business expansion, is a foreign
direct investment (FDI). [10] FDI, as a form
of international capital movement, has been
dated since the ancient times. Until the be-
ginning of the 20" century, it was difficult to
assess the world stock and total FDI flows
based on the data about total foreign invest-
ments, since they consist of the direct and
portfolio investments. [5]

[5] As time passed by, the FDIs have be-
come an increasingly important form of
international business and international capi-
tal flows for all countries. For developed

countries, the FDIs represent a form of in-
ternational capital flows of growing im-
portance, and for developing countries and
countries in transition, the most significant
form of international capital movements.
[11] The end of the 20" and the beginning of
the 21% century represent a period of inten-
sive growth of the international orientation
and international activities of companies,
and consequently, a growth of the interna-
tional business and international investment.

Compared to the other two forms of in-
ternational capital flows (loan capital and
portfolio investment), the FDIs are highly
represented in financing the global world
economy and national economies of indi-
vidual countries. The growth of global FDI
flows is conditioned by:

“ High Economic School Vocational Studies Pec in Leposavic
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a) liberalization and deregulation of the
international capital market,

b) codification of the foreign capital
protection system (the so-called na-
tional treatment), which has recently
encouraged the reinvestment of pro-
fits,

c) the growing technological gap be-
tween the certain categories of coun-
tries (high and unachievable financial
threshold for entry into areas of the
new technologies);

d) the new approaches in development
and economic policies (the concept
of an open economy with a flexible
exchange rate), based on a new
ownership (privatization in Central
and Eastern European countries) and
foreign trade (free customs zones in
PR China) regimes, creating a stimu-
lating ambient for the foreign capital
inflows,

e) the successful stabilization and mac-
roeconomic policies of a number of
significant  developing  countries
(Brazil, Mexico, ...) with a high ex-
ternal debt service coefficient and

f) the emergence of the new countries
with excess capital and need to create
the new markets (the countries of
Southeast Asia, the so-called "Little
Tigers™). [9]

Among the many effects that the FDI
produces, their development potential is
certainly the most important, since by uni-
fying trade, the capital and technology
flows into a whole under unified control and
governance, they significantly influence the
establishment of international relations, as
well as the overall efficiency of functioning
the world economy. Under the modern
business circumstances, in the new global
world and under the conditions of the new
economic order, the FDIs play a role of an
important lever of economic growth and
development.

Funding through the FDI can be realized
through the Greenfield or Brownfield in-

vestments, joint ventures and international
Merchants and Acquisitions (M & A).
Please note that after several years of busi-
ness, it is not possible to differentiate the
FDI by the way of entry, although at the
moment of entering the country and in the
short term period, the host country in some
aspects has more benefits from the Green-
field than the other types of FDI. [2]

2 GLOBAL FDI FLOWS

Since 1991, the United Nations Confe-
rence on Trade and Development
(UNCTAD) has been issuing the World
Investment Report (WIR) once a year. The
Figure 1 shows that in 2007 the total FDI
inflow was 1,978 billion. USD, the year
with the highest inflow of FDI in the history
of mankind. [13] The global financial crisis
in 2008 led to a collapse of international
capital flows, as the investors became more
cautious and banks were reluctant to borrow
the capital internationally. In addition to the
global economic crisis, recession and tur-
moil in financial markets in the world have
had a negative impact on global FDI flows.
Thus, over the past three decades, one of the
most significant characteristics of the global
economy is the shift in the period of rise
and fall of the total international capital
flows in the world. Only in 2015 (USD
1,921 billion) the approximate inflow of
FDI flows was the same as it was in 2007
(the year with the highest inflow of FDI in
the history of mankind). After that, in 2016,
there was a slight decline in the world in-
vestment flows (USD 1,867 billion).

According to the latest World Invest-
ment Report 2018, the FDI flows globally
dropped to 1.429 billion USD in 2017,
which is a 23% decrease compared to 2016.
Developed economies (37%) and transi-
tional economies (27%) did worse than the
global average, while developing econo-
mies kept the FDI volume at the 2016 level,
leaving them the most valuable and most
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regular external source of financing for the-
se economies (see Figure 1). Developed
economies still have dominant participation
in the world investment flows. The connec-
tion of FDI flows and economic activity in
developed economies is obvious. Looking
at 2017, out of the total FDI inflows in the
world, 712 billion USD or almost 50% goes
to the developed economies; 670 billion
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B Developed economies
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USD or over 46%, goes to the developing
economies, whereas 64 billion USD or less
than 5% of the total FDI inflow in the world
(see Table 1) goes to the economies in tran-
sition. The FDI remained the most valuable
and most regular external source of financ-
ing for these economies, compared to the
portfolio investments, remittances and offi-
cial development aid programs. [4]
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Figure 1 Flows of the FDI inflows in the world and by groups of countries,
2012-2017 (in billion USD and %) [14, p. 184-187]

Table 1 Flows of the FDI inflows in the world and per groups of countries,

2012-2017 (in billion USD) [14, p. 184-187]

Economy/year 2012 2013 2014 | 2015 | 2016 | 2017
Developed economies 858 693 596 | 1,141 | 1,133 | 712
Developing economies 651 648 685 744 670 670
Transitional economies 64 83 56 36 64 47
World total 1,574 | 1,425 | 1,338 | 1,921 | 1,867 | 1,429

A decline in the FDI inflows compared
to 2016 is particularly high in the countries
of the European Union (42%), North Ame-
rica (39%), in other developed non-EU
countries (26%) and Africa (21%). The
Asian countries kept the FDI inflow at the
2016 level. The FDI inflow growth has a

group of countries in the “Other Developed
Economies” (7%) and Latin America and
the Caribbean (8%) (see Figure 2).

The decrease of the FDI flows in 2017
was resulted by decrease in the net value of
M & As, from 887 billion USD to 694 bi-
Ilion USD in 2016 (decline of 22%)).
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Moreover, decline of the Greenfield in-
vestments value was noted by 14% ($ 833

billion in 2016 versus $ 720 billion in
2017).

European Union F e,

Other developed ' 30
Europe I 4

North America F 300 ™

Other developed m 79
economies r 74
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Latin America and 151
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Figure 2 Inflow of the FDIs, worldwide and per regions,
2016-2017 (in billion USD and %) [14, p. 3]

Most FDIs in the world were received
by the USA (275 billion USD). In the lead-
ing 20 host/countries of the FDI from a
group of developed economies the US is
followed by the Netherlands (USD 58 bil-
lion), France (USD 50 billion), Australia
(USD 46 bhillion), Switzerland (USD 41
billion), Germany 35 billion USD), Ireland
(USD 29 billion), Canada (USD 24 billion),
Spain (USD 19 billion), Israel (USD 19
billion) and Italy (17 billion USD).

Of the developing economies, China has
the highest FDI inflow in the amount of 136
billion USD (thus being the second in the
world, right behind the US). It is followed

by Hong Kong (USD 136 billion), Brazil
(USD 63 billion), Singapore (USD 62 bi-
llion), India (USD 40 billion), Mexico
(USD 30 billion), Indonesia (USD 23 bil-
lion)) and the Republic of Korea (USD 17
billion).

Regarding to the transition economies,
Russia (USD 25 billion) is ranked the 14"
of the 20 leading host countries. Half of the
top 10 host countries belong to the develop-
ing economies (see Figure 3).

These 20 leading host countries account
for around 80% of the global FDI inflows,
while the all other countries account for just
over 20%.
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Political uncertainty over the global
trade, not only with Brexit, but also with the
US pulling out of the Trans-Pacific Partner-
ship (TPP), renegotiating the North Ameri-
can Free Trade Agreement (QOil), and taking
a generally aggressive view on global trade,
has also created significant uncertainty

for location decisions — especially in the
export-oriented industries that are dependent
on the free-market access. The other big
factor in the decline of FDI in 2017 was the
Chinese FDI policy, with the reimposition of
controls on overseas FDI which curtailed the
FDI in certain targeted sectors. [6]
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Hong Kong, China (4) | mﬁ;

Brazil () | &
Singapore (6) | 5%;
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Figure 3 Inflow of the FDIs, per regions, 2016-2017
(in billion USD and %) [14, p. 3]
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3 FDI DISTRIBUTION PER SECTORS

The sectoral distribution of the FDI
flows worldwide has changed over the
years. In the beginning of the 20" century
(1914), 55% of the FDIs recorded at the
global level went to the exploitation of
natural resources, while the ratio of ser-
vices and industrial production was 30%:
15%. [7] Based on this data, it can be con-
cluded that during that period the FDIs
were largely focused on the primary sector
(provision of raw materials and production
materials) and the economic infrastructure
related to this production. [3]

A rapid decline in the FDI in exploita-
tion the natural resources was observed in
the eighties of the twentieth century, while it
was increased in the secondary sector (in-
dustrial production) and service activities.

The last decade of the XX and the first
decade of the 21* century are characterized
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by the reorientation of the FDI flows to-
wards the service sector. The FDIs grew in
all three sectors, primary, secondary and
tertiary, but the largest, growing part went
to the tertiary sector. In the period 1990-
2009, a share of services in the total stock of
FDlIs input in the world increased from 49%
to 63%, while a share of the other two sec-
tors dropped significantly: the primary from
9.4% to even lower 7.3%, and especially the
secondary from 41% to 27.6%. [12]

Nowadays, we are at the daybreak of the
fourth industrial revolution. We are wit-
nesses of advancement the new technolo-
gies and robotics that make production fas-
ter, cheaper and better than ever before,
creating huge opportunities for economic
growth and sustainable development, so it is
to be expected that the FDI flows will most-
ly go to these types of sectors.

b. Number
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Figure 4 Value and number of net cross-border M & As and
announced SDI Greenfield projects, 2008-2017 (billion USD and number) [14, p. 7]

As noted, in 2017 there was a decrease
in the value of M&A, as well as the values
of Greenfield foreign investments in com-

parison to 2016. On the other hand, there
was an increase in the number of M&A
operations by 1% (6,607 in 2016 versus
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6,967 in 2017) and announced Greenfield
foreign projects by 5% (15,766 in 2016
versus 15,927 in 2017). Observing the
period 2008-2017, there were periods of

decline and growth in both the value and
number of net cross-border M&A and the
Greenfield foreign projects (see Figure 4
under a and b).

Table 2 Value and number of net cross-border M&A, per sectors and selected

industries, 2016-2017 [14, p. 8]

Value (billion of dollars) Number

2016 2017 % 2016 | 2017 | %
Total 887 694 -22 6607 | 6967 5
Primary 83 24 -70 206 550 | 167
Manufacturing 406 327 -19 1745 | 1690 -3
Services 398 343 -14 4656 | 4727 2
Top 10 industries in value terms:
Chemicals and chemical products 130 137 5 345 322 -7
Business services 75 107 43 1716 | 1817 6
Food, beverages and tobacco 138 88 -36 200 227 14
Finance 97 59 -39 585 617 5
Electricity, gas and water 66 54 -18 209 171 -18
Machinery and equipment 32 52 63 195 183 -6
Information and communication 24 39 66 618 611 -1
Electrical and electronic equipment 75 26 -66 349 307 -12
Transportation and storage 46 23 -51 293 306 4
Mining, quarrying and petroleum 79 23 -71 138 466 | 238

A decline in the value of net cross-
border M&A, for the period 2016-2017, was
reduced in all three sectors (see Table 2).
The largest decline was recorded in the pri-
mary sector (-70%), production (-19%) and
services (-14%). The number of M&A deals
in extractive industries (mining, quarrying
and petroleum) got almost tripled, however
the value of these transactions was lower by
71% compared to 2016.

At the level of the industry, in addition to
the extractive industry, there was also a de-
cline in the industry of electrical and elec-
tronic equipment (-66%) and the food, be-
verage and tobacco industry (-36%). On the
other hand, there was the growth of M&A's

value in the information and communication
industry (66%), machinery and equipment
industry (63%), business services (43%) and
the chemicals and chemical industries (5%).
Only M & A business services had a posi-
tive result both in terms of value (43%) and
number of projects (6).

By observing the value of announced
Greenfield FDI projects, there was a drop of
value in the primary sector (-61%) and ser-
vices (-25%), while production was growing
(14%). The value of Greenfield projects in
production and services is approximately the
same and amounts was about 350 billion
USD in 2017, thus these two sectors partici-
pated with more than 97% in the Greenfield
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FDI projects (less than 3% goes to the pri-
mary sector). The Greenfield FDI projects
value drop was recorded in construction
(-51%), public utilities - electricity, gas and

water (-26%), transportation, storage and
communication (-26%) and business ser-
vices (-16%).

Table 3 Value and number of announced FDI Greenfield projects per sectors and
selected industries, 2016-2017 [14 p. 8]

Value (billions of dollars) Number

2016 2017 % 2016 2017 %
Total 833 720 -14 15766 15927 1
Primary 54 21 -61 52 63 21
Manufacturing 295 338 14 7703 7678 0
Services 484 362 -25 8011 8186 2
Top 10 industries in value terms:
Electricity, gas and water 129 95 -26 404 296 -27
Business services 96 80 -16 4125 4278 4
?ﬂa%tggoﬁfzgifgggg t°ther 56 62 | 12 | 1077 | 1103 | 2
Construction 126 62 -51 322 276 -14
g:;%“l]'c‘t’g's and chemical 43 6L | 42 | 804 | 856 | 6
Ec:if;rr'ﬁsr']f“d electronic 44 52 | 20 | 1005 | 958 | -5
e s | o || e | | a2
Trade 27 32 21 902 1001 11
Food, beverages and tobacco 24 29 17 596 664 11
Textiles, clothing and leather 28 28 1 1558 1476 -5

The number of Greenfield FDI projects
is similar to 2016, with a the growth of 21%
in the primary sector, and drop of value for
14%. With regards to the number of Green-
field FDI projects per industry, the utility
services - electricity, water and gas
(-27%), construction (-14%), electrical and
electronic equipment (-5%) and transport,
storage and communication (-3%) recorded
drops, while the growth of the number of
FDI Greenfield projects is recorded by other
sectors (see Table 3).

The sectoral distribution of the FDIs has
largely depended on the strategic and eco-
nomic motives of investors. [8]

According to the sectoral analysis done
by FDI Intelligence (it only monitors
Greenfield investment projects, that is, it
does not include M & A, intercompany
loans, equity investments, or other forms of
cross-border investment, but exclusively
those that involve starting business from the
very beginning without the previous infra-
structure, business premises and workers)
key trends in 2017 include:

e Coal, oil and natural gas reclaimed the
top spot for capital investment in 2017
with $79.6 billion of FDI recorded.

e The top three sectors by number of
projects in 2017 were software and IT
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services, business services, and finan-
cial services, with financial services
replacing the third-ranked sector of
2016, industrial machinery, equipment
and tools.

o Software and IT services again main-
tained its place as the top sector for
project numbers, with 2237 in 2017, up
5% from 2016.

o Of the top five sectors by number of
projects, software and IT services and
financial services were the only two to
achieve growth.

e Communications witnessed a 14% de-
crease, by the number of projects after
showing an increase in 2016.

o Real estate saw an increase of 16% in
project numbers in 2017, though the
capital investment dropped by 49% to
$79.5 billion.

e Chemicals saw a 58% increase in
capital investment in 2017, with a
slight drop in the project numbers of
2%.

e The biggest decline in the project
numbers comprised the sectors of
communications (-14%), automotive
components (-14%) and business ser-
vices (-7%). [6]

Sectoral composition of the FDI flows
plays an important role and impact on the
economic growth. [1]

A trend of sectoral distribution of the
FDI shows different patterns. In developed
economies, foreign investments in the ter-
tiary sector and the service sector are the
most represented. Developing and under-
developed economies have a relatively high
share of investment into the primary and
secondary sectors, although the service sec-
tor shows significant growth.

CONCLUSION

The FDI, whose bearers are transnational
company (the main leverage through which
the international transfer of capital is carried
out), represent the dominant form of

international capital movement, recording
expansive growth, affirming and increasing
the role of international production in the
world economy. The role of FDI as a very
important form of financing the global
economy has been particularly strong in the
last two decades of the twentieth century,
while in the beginning of the 21% century
they were a predominant form of financing,
especially in developing economies and
economies in transition. Such a trend will
continue in the years to come. Developed
economies are predominant in the global
FDI flows, followed by developing econo-
mies and at the end of the economies in tran-
sition. When it comes to the sectoral distri-
bution, the service sector is represented by
more than 50% of the total value of the real-
ized FDI.

Development of the country is in direct
correlation with the sectoral distribution of
FDIs. Developed economies attract the most
foreign investments in the tertiary sector,
while investments in the primary and sec-
ondary sectors are prevalent in develo-ping
and transition economies. Investments into
the primary sector, i.e. the production and
exploitation of the natural resources, oil and
gas, are likely to continue in the same scale,
if not even more, because of a high demand
for energy in the world.
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DETERMINATION THE LIMIT CAPACITY OF
PRODUCTION THE ROOF COAL SERIES AT THE OPEN PIT
GACKO-CENTRAL FIELD IN A FUNCTION OF USE A
DISCONTINUOUS-COMBINED EXPLOITATION SYSTEM ™

Abstract

This paper presents the methodology of determining and analysis results of the limit production
capacity of coal in the roof exploitation zone of the open pit Gacko-Central Field in a function of
configuration and parameters of the combined system. The coal exploitation system at the open pit
Gacko-Central Field mine is a system of exploitation characterized by the complex conditions under
which it operates, with the use of continuous, combined and discontinuous coal and waste exploitation
systems. It is also characterized by the existence of two spatially dislocated sites, in which the
exploitation is carried out under significantly different conditions. A complex solution for coal
exploitation is the result of optimization a large number of mutually determined technological processes
and systems, both in terms of the possibility of applying a certain complex of mechanization, as well as
in terms of individual capacities at the site of excavation. As a criterion for success the exploitation
system, a unit cost of exploitation was adopted including the capital and operational costs of a variable
part of combined system.

Keywords: combined system of exploitation, selective exploitation, transport by belt conveyors, truck
transport, coal

BASIC CONDITIONS AND
CHARACTERISTICS OF THE
SURFACE COAL EXPLOITATION
AT THE OPEN PIT GACKO -
CENTRAL FIELD

Coal Basin began with opening the Open  providing the corresponding amount of fuel
Pit Gracanica in the western part of the  for the thermal power plant, that is, in a
_basm in 1977, in order to open the open pit  fynction of electricity generation.

the installed power of 300 kW. From then  parts of the deposit, in various structural,

onwards, the coal exploitation is developed  geomechanical, hydrogeological, qualitative
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and other working conditions, as well as
various legislative, social, infrastructural,
market and economic conditions. All of this
has resulted in the necessary adjustment of
the exploitation system in order to ensure
the required capacity and quality of coal,
and the elements and parameters of the
system were most often conditioned by
numerous limiting factors [1].

Also, numerous project solutions have
been formed on the basis of previous
research results that have not been of
sufficient reliability. The lack of knowledge
about the characteristics of the working
environment resulted in the fact that the
applied exploitation systems worked with
lower efficiency than the designed ones.
Within the factors that particularly influence
the efficiency of production, the geomecha-
nical characteristics of detection (occurence
of layers with extremely high excavation
resistance above the guaranteed excavation
force of the rotary excavators) and the
structural characteristics of a coal seam
(stratification of a coal seam with a frequent
change of coal and waste interbeds) can be
distinguished.

This should include the added varia-
bility of parameters of the working environ-
ment and structural and qualitative characte-
ristics of coal. In order to fulfill the basic
goal of exploitation, i.e. to provide the
corresponding quantity of coal of the given
quality, it was necessary to adapt to
concrete conditions in the field. Initially
conceived as an open pit with a continuous
exploitation system, the open pit Gracanica,
formed in the west part of the deposit, has
undergone a series of transformations by
introduction a discontinuous equipment.
Discontinuous equipment was introduced
first of all on coal within the combined
system (hydraulic bucker excavator - trucks
- crusher — belt conveyors - landfill) and
then on overburdem within the disconti-
nuous system. With the completion of
works in the western part of the deposit, the

extension of the open pit GraCanica was
also done in a part of the Field C, that is, in
the central part of deposit.

This relocation of works was accom-
panied by the introduction of a combined
system on overburden with retention also on
a combined system on coal, continuous
systems on overburden as well as a discon-
tinuous system, primarily designed for
exploitation the interbed and layered
tailings. Problems related to the implemen-
tation of production plans, mainly related to
the inability to provide the designed struc-
tures of the basic and auxiliary mecha-
nization, led to a need of providing a part of
coal from the roof coal series which is
characterized by a lower quality of coal,
distinct stratification and favorable relation-
ship between waste/coal. The coal exploi-
tation from the roof coal series is spatially
dislocated in relation to the rest part of the
open pit (Figure 1).

Also, the beginning of work realization,
according to the Main Mining Design of the
open pit Central Field for capacity of
2.3x10° t/year of the run-of-mine coal, has
started the coal exploitation on a new open
pit. This project has continued the exploita-
tion of main and footwall coal seams in the
area of the Central field of the Gacko depos-
it, but also the coal exploitation is planned
in a part of the roof coal series [2]. In addi-
tion to being spatially dislocated, the site in
the roof coal series is characterized by the
specific exploitation conditions (structural
and qualitative coal characteristics) and
resources that, besides the natural limits of
expansion the coal seams, are limited by the
administrative boundary of concession. All
these factors represent limitations in deter-
mining the production capacity of coal from
the roof coal series. On the other hand, the
production capacity is an important factor
for defining the most favorable system of
exploitation and techno-economic parame-
ters of the applied system.
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Figure 1 Location of the open pit site Gacko-Central field I - site of the roof coal series,

- site of the Central exploitation zone

Currently, the coal exploitation in the
roof coal series is carried out by selective
excavation of coal and waste with
hydraulicbucket excavators. Transport of
waste is discontinuous to the external
landfill, and transport of coal is combined,
discontinuous to the crusher, positioned in
the northern part of the central exploitation
zone. Position of the crusher is conditioned
by the available belt conveyors and position
for coal transport in the northern part of the
central exploitation zone.

The existing design solution has taken
into account the analysis results of
application the combined system in the
existing form and conditions of increasing
the length of continuous transport to the
site in the roof exploitation zone. In order
to select a more favorable combined system
in terms of length of continuous and
discounted transport, the number of belt
conveyors, number of trucks in disconti-
nuous transport, the existing system
configuration was analyzed as well as the
combined system with extension of conti-
nuous transport in a length of about 1400 m

with two additional belt conveyors [3]. A
new position of the existing coal crusher is
determined on the edge of the roof coal
series at the shortest distance from the
center of works for the next five-year
period. The conveyor lines are such that
they do not interfere with development the
front of works or have a stationary cha-
racter. The adopted belt conveyors have a
width of 1200 mm and speed of 4.5 m/s
meet the needs in terms of capacity, grain-
size distribution of crushed

In calculation the capital and operating
costs, they are not deducted to the present
value, since their relative absolute value is
not important for comparison the variants,
but the relative value.

Considering that the open pit has al-
ready has the certain elements of the sys-
tem (crusher, part of the conveyor belt and
excavation - loading equipment), and that
these elements are common to the consid-
ered variants, the techno-economic parame-
ters of the combined system are compared
only in the areas in which they differ.
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CALCULATION THE TRANSPORT
PARAMETERS WITHIN THE
COMBINED SYSTEM OF THE ROOF
COAL ZONE

Figure 2 presents the coal transportation
routes in the Variant 1 and Variant 2. The
Variant 1, the case where there is a crusher
in the old location and the transport is dis-
continuous (line of purple color) by trucks

with capacity of 55 t. The Variant 2, a
crusher on a new location, continuous
transport (red line), two belt conveyors and
discontinuous transport inside the open pit
(green line) by trucks with capacity of 55 t.

Figure 2 Coal transportation routes in the Variant 1 and Variant 2

Table 1 lists the transport lengths that
have been included in the budget of

the transport capacity.

Table 1 Quantities of materials that need to be excavated for a ramp construction

The Talpac computer program was used
to calculate the system of excavator - truck.
On the basis of the input parameters, the
time capacities of trucks for the Variant 1
and Variant 2 are calculated.

The Talpak software package is a simu-
lation model of loading and transport pro-
cess at the open pits. Software enables the
optimization of transport fleet, calculation
the technical-economic parameters of the

2100
700

0
1400

equipment operation, such as a cycle length,
capacity, etc. [4]. In this particular case, this
program was used to determine the parame-
ters for coal transport from the roof zone in
the Variant 1, when there is only a truck
transport and, in Variant 2, when there is a
truck transport just inside the open pit. Fi-
gure presents the calculation results for the
Variant 1. Figure 4 presents the calculation
results for the Variant 2.
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Production Summary - Full Simulation

Haulage System

[PRIJKOMATSU PC800-G

[PRI]BELAZ 7555 (22.33.
Ratio)

Figure 3 Calculation results of the truck transport for the Variant 1

Production Summary - Full Simulation

Haulage System

[PRITKOMATSU PC 800-G

[PRIJBELAZ 7555 (22.33:1 Gear
Ratio)

Figure 4 Calculation results of the truck transport for the Variant 2

Calculation of the transport parameters
for belt conveyors was done using the
appropriate software solution according to
the method prescribed by the technical

standards [5]. In Figures 5 and 6, the out-
put form of the program is shown, and a
part of the output listing for the T1 and T2
belt conveyors is given.
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& Transportne trake - [m] X Transporter Tl
‘OZNAKA TRANSPORTERA t 928-944
Sifinatrake (mm) Brzina trake (m/s)  Duzina trake (m) Vrsta ulozaka ﬁzg‘iﬂ‘ th) Lenqth of conveyor (m) 450
[1200 =] [as v Jes0 [EPsoo -] |0 R R
Level of drive station (m): 944
o )~ obagm (e BROJULCZWA  Ddvaieksu  Ugsenagte Level of return stations (m): 940
|4 [2 [ 3 | [30 - K _
i S Altitude difference (m): 4.
Precnik valjaka
R ‘ = | Slope of conveyor (%): .89
¥ Bocne vodjice .
Zromronms e Koo s Track width (m): 1200
13 [0 5 02 - Bandwidth (m): 4.5
);(‘Uat:icpeugunske :{cﬂrlﬂa‘cp‘:lvralne Koeficijent trenja St - i
trake oko bubnja Velocity resistance (daN): 2297.1
\aza |944 \n,nza [& = - -
1ok s sumnionos | 1€NSile force on the rim of drum
s et (daN): 4923.9
0.85 -
Koehcjort _ Potrsbnia _ Instalisana Tensile force (daN): 5253.7
sigumosti na  snaga motora  snaga motora 2 maksimalni R i
‘*‘“”ﬁ ‘[*W’ “*W) = Maximum capacity (t/h-m°/h):
126.25 a7.04 55.34
2882.96 - 2217.66
Za zahtevani ==
EEN N o B Required capacity (t’h-m*/h):
[otpor fretaniu trake (dal) F526.7 480 - 36923
Mcna sila na obodu bubnja (daN)  [32726 Insta”ed enqine power (kW) 11922
)zatezna sila (dal) Bag17

Figure 5 Program form and a part of the output listing for the T1 conveyor

Transporter: T2

Length of conveyor (m): 1020
Level of drive station (m): 944
Level of return stations (m): 940
Altitude difference (m): 4.

Slope of conveyor (%): .39

Track width (m): 1200

Bandwidth (m): 4.5

Resistance to movement of the band
(daN): 4527.

Tensile force on the rim of the drum
(daN): 9703.9

Tensile force (daN): 10353.8

&, Transportne trake = [m] X
OZNAKA TRANSPORTERA [t 944-940 Zahtevani
Sirina trake (mm) Brzina traks (m/s) _Duzina trake (m) Vrsta ulozaka kapacitet (/h)
[1200 ~| a5 | [10z0 [EPso0 [ [ss0
Gomja gumena  Donja gumena S R N
obloga (mm) obloga (mm) BROJ ULOZAKA ) vl 'gao nag
slogu bocnih valjaka
f+ 2 [1 3 =] [0 El
P Broj cistaca
Precnik valjaka ;
133 | 133 El
¥ Bocne vodjice
Zapreminska masa  Nasipni ugao
Koeficijent trenja
(/m3) materijala (o) — ‘Jbubnja '
[3 [20 El Pz
Kota pogonske Kota powatne Koeficijent trenja P
stanice stanice g
trake oko bubnja
[pa [s40 [o.028 E
K1 - kosficijent smanjenja Stepen korisnosti
Kapaciteta u funkciji nacina | 995 S motora
nasipanja materijala e
Koeficjent  Potrebna Instalisana ""PRORAWUN |
sigumosti na snaga motora  snaga motora 7a maksimalni
Kidanje (kW) (k) —
[262 [472.03 [sss.33
[6-18 [189.72 [346 Za zahtevani <<
kapacitet
‘Otpnr kretanju trake (daN) k527
Mcna sila na obodu bubnja (daN) 8703 9
)zamna sila (daN) f0383.8

Maximum capacity (t/h-m°h):
2882.96 - 2217.66

Required capacity (t/h-m®/h):
480. - 369.23

Installed engine power (KW): 234.96

Figure 6 Program form and a part of the output listing for the T2 conveyor
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Based on the results obtained in calcu-  determined and shown in Table 2. In Ta-
lation for truck transport and transport by  ble 3, the unit costs for transport by belt
belt conveyors, the unit normative costs  conveyors are given.
for the Variant 1 and Variant 2 have been
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Unit costs Unit costs

Quantity € Quantity €

0.66998 0.26571 0.29993 0.11895
0.06700 0.07592 0.02999 0.03399
0.07370 0.14614 0.03299 0.06542
0.00002 0.00685 0.00001 0.00307
0.00500 0.02833 0.00500 0.02833

0.52296 0.24976

Table 3 Unit costs for transport by belt conveyors for the Variant 2

[ Electric power (KWh/t) T 0.0000 0.01729
ROl RgE I 0.0000 0.00851
FCubricant (kg/t) . 0.0000 0.00208
‘Setsof rollers (pes/m®)  20% 0.02682
Setsof lower rollers (pcs./m’)  20% 0.00670
 Sets of shock absorber rollers (pes./m’)  50% 0.00102
EDrums (pes.m?) T 20% 0.00653
'Rubber belt B=1200 mm (m/m%) ~ 15% 0.02857
DWpErS(pes) I 100%  0.00004
Buffer plates (pcs/my)  100% 0.00076
USealifig FUBBEF(PCS) I 100% 000229
I ToTAL 0.10062

Table 4 gives the annual labor costs tion to the operational costs, the capital
for the variant solutions. Labor costs are  costs are calculated per year, and for the
taken as the total operating costs. In addi-  variant solutions are shown in Table 5.

Table 4 Yearly labor costs for the variant solutions

E Variant 40T 204,000
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Table 5 Capital costs per year for the variant solutions

Capital costsper year  €/year
[Variant & 340,000

Based on the previously calculated
values in Table 6, the capacities of a vari-
able part of combined systems are shown

and calculated for the unit costs of the
standardized material and energy are cal-
culated for them.

Table 6 Capacities of a variable part of combined systems and their unit costs of

standardized material and energy

79.35
177.25

DISCUSSION

Capacity of the exploitation system is
the basic techno-economic parameter,
which, in addition to defining the type,
number and individual capacities within the
individual technological processes that
make it, is also a key factor in the system
efficiency [6]. The principle of system op-
timization in terms of capacities in the sur-
face exploitation is based on comparison of
several variants, and the techno-economic

0.523
0.350

VEE ] 0

369.23

indicators have the abrupt passes in a func-
tion of capacity, type of application the
basic equipment, transport lengths, automa-
tion possibility, etc. [7,8]. In the concrete
case, based on the calculated parameters of
a variable part of the combined systems, a
diagram of change in total costs (capital and
operational) was defined, depending on the
production capacity of coal, and as such
shown in Figure 7.
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Figure 7 Diagram of the total cost changes in a function of production capacity

No. 1-2, 2019

Mining & Metallurgy Engineering Bor



The illustrated diagram shows that the
introduction of new conveyors and exten-
sion the continual part of transport is a
more favorable solution in the production
of over 2 000 000 t. This is applied only to
a specific case involving a specific type of
unloading loading and transport equip-
ment, pre-defined routes and transport
conditions, and specific working environ-
ment parameters.

The obtained result is in a domain of a
number of applicability analyses of com-
bined system, which were carried out in
our country and in the world. Factors that
can be further analyzed, and which can
significantly influence the analysis result
are: the possibility of system automation,
application of modern materials and more
energy efficient equipment, application of
mobile crushers and optimization the
transport routes in terms of their elements
(length, inclination, radii of curves, etc.).

Within the Strategy of mining and
technology opening, development, optimi-
zation and maintenance the continuity of
coal production with introduction the pro-
cess of coal enrichment by dry separation
at the open pit Gacko, several cases of
coal production from roof coal series were
considered, with a maximum capacity of 3
000 000 tons per year. In the current de-
velopment stage of the open pit, the pro-
duction capacity of the roof coal series is
around 1 000 000 t per year. This is due to
the optimization of available resources,
which are, inter alia, limited by the artifi-
cial boundary of the concession. The car-
ried out also analysis took into account the
specific natural conditions of the working
environment and artificial limitations,
which in this case are both administrative
and economic. In order to optimize the
exploitation system at the open pit Gacko
Central Field, it is necessary to consider
the other elements that are not a part of
this analysis, but which influence the
overall efficiency of the open pit (produc-
tion in the Central Exploitation Zone, pro

gress the front of continuous work sys-
tems, transport length to the landfill site,
seam and interbed waste, etc.).

CONCLUSION

The limit of use a discontinuous, that
is, a combined system is in a function of a
number of factors, among which the sys-
tem capacity is the most significant. De-
pending on the specific exploitation condi-
tions, available or designed basic equip-
ment, level of labor engagement, available
resources and other factors, a change in
the total production costs by a particular
exploitation system is not unified in terms
of capacity. In addition to the costs that
have a relative character, that is, directly
dependent on capacity, there are also costs
that have a relatively fixed character and
which belong to a group of capital ex-
penditures. In particular, these relatively
fixed costs relate to the procurement of
necessary equipment for achieving the
target capacity. The cost comparison
methodology, used in the two capacity
exploitation systems, can be applied to the
other similar facilities, given the increas-
ing standardization of coal production
capacities for the needs of thermal power
plants.

The obtained result is within the values
stated in many other analyzes of the use of
discontinuous-combined systems in the
world. These analyzes are usually done for
the needs of the equipment manufacturer
and the need to dimension the elements of
exploitation system (basic equipment) and
only in a small part analyze the impact of
work environment characteristics as they
are performed for a specific object and
unique conditions. The presented analysis
was carried out precisely on this principle,
but the variation in influence of natural
factors would certainly contribute to a
more precise determination the efficiency
limit of a particular discontinuous-
combined system.
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Abstract
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Today in the modern business of the mining companies, the management puts emphasis on as-
sessment the motivation of employees. Motivation of employees is a precondition for the successful
operation of the company. This paper is aimed to present an innovative solution applying the mul-
ti-criteria method (MCDM) for assessment the motivation of employees in the mining companies.
The obtained results show that the most effective is the theory of motivation for implementation in
mining companies. Innovative solution as an auxiliary tool gives managers a complete view for
assessment the motivation of employees in mining companies in order to increase profits.

Keywords: Motivation, multi-criteria methods, mining companies

1 INTRODUCTION

In the modern business of mining com-
panies, the motivation of employees is gain-
ing more and more. The word motivation
among employees is their driving agent,
their inner strength giving them the strength
to achieve their goals and needs. In order to
successfully manage of the mining compa-
ny, the company's management must find
an optimal combination of material and
non-material incentives for motivation of
the employees.

The Kkey to the sustainable organizational
success and survival of a company lies not
only in practical, quantitative approaches,
but also in the commitment of employees to
motivate them to work [1].

The paper assesses the motivation of
employees by the Analytical Hierarchical
Process (AHP). As the offered solutions for

assessment the most effective alternative, the
following motivation theories were used: the
expectation theory, the justice/equality theo-
ry, the integrative theory and the goal setting
theory.

The motivation theories are assessed by
the following criteria: criterion C1 - salary,
criterion C, - rewarding of employees, crite-
rion C3 - Benefits and criterion C4 - grati-
tude for the work done.

Multi-criteria methods (MCDM) are
used by managers or decision makers as the
auxiliary tools in solving the real problems
or deciding in different areas of economy.
Recently, many MCDM methods are used,
such as AHP, ELECTRE, PROMETE],
TOPSIS, ARAS, SVARA and many others
[2-8]). The combined MCDM methods [9,
10] are also used as well as the new models
[11].
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The applied methodology gives ma-
nagers the opportunity to implement the
most effective motivation theory for su-
ccessful operation of the mining compa-
nies and increase the satisfaction and
needs of the all interested parties.

Each company uses different models
to analyze the motivation of its employee
and makes a decision to accept the most
effective motivation theory.

2 THEORETICAL BASIS

The business success of a mining or-
ganization depends on many factors, and
one of these factors is the motivation of
employees. Motivation is a complex pro-
cess of organizing, guiding the behavior of
employees in order to meet their own and
organizational needs [12]. It is a signifi-
cant element of an organization affecting
their working performance.

The working performance consists of
three general factors [13]:

Work performance of employees = f
(S, K,M)

Where in:

» S-ability of employees to perform

the work activities

» K-knowledge and use of rules, pro-

cedures and principles

» M-motivation for performing the

work tasks.

According to the authors Srivastav and
Barmol [14] and Hong and his associates
[15], the employee motivation is equated
in some cases with productivity. Motiva-
tion for work originates from the attitude
of individuals toward work and achieve-
ment of goals, because it is a psycho-
sociological category [16]. Modern busi-
ness requires from the menageress of or-
ganizations to better organize and moti-
vate their employees in the occurred situa-
tion in order to achieve the better working
results [17]. Because the employee moti-
vation is one of the irreplaceable factors
for performing the work activity [18].

When the employees are motivated,
then the work goals are achieved and thus
increases the profit of organization and
employee satisfaction. Employee satisfac-
tion is defined as a favorable, i.e. positive
emotional state [19]. The key factor in
motivating the employees are managers,
who are responsible for creation the work-
ing environment, representing the compa-
ny's attitude toward employees and con-
sciously or unconsciously affecting their
behavior. Very important motivators of
employees, the motivation of the employ-
ee and his inters for performance depend
on the highest percentage of creative man-
agement [20]. Managers are those who
choose which of the motivating methods
or theories of motivation for their employ-
ees is the most effective. Implementation
of motivation theory in the mining com-
panies contributes to greater productivity,
good positioning, competitiveness and
sustainability.

Many research has been carried out and
many theories have been developed, but the
factors that motivate employees to perform
their activities are still controversial in the
modern business with mining companies.

Theories of motivations in the modern
world are considered to be powerful moti-
vators that are divided into two groups: con-
tent theory and process theory [21]. The
content theories are: the theory of hierar-
chies of the needs of Abraham Maslow and
Herchrberg's dual-factor theory or motiva-
tional hygiene theory. These two theories
are directed to the needs of individuals and
are fairly represented, but the managers of
modern companies turn to the process theo-
ries.

The process motivation theories are on
employees who focus on performing the
work tasks with expectations of rewards or
benefits. The most commonly implemented
process theories in the modern business are:
Theory of Justice - Adams's Theory of
Equality, Expectancy Theory - Vroom's
Cognitive Expectancy Model, Integrative
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Theory of Motivation and Theory of Setting
Objectives.

Alternative A;: Theory of Expectation
or Vruman's Theory of Motivation is lea-
ding in the process theories and is valid for
the theory that most explains how the em-
ployees need to be motivated. It is often
referred to as the VIE theory because it in-
dicates the initial three letters of this theory,
such as valence, instrumentality, and expec-
tancy [22].

o Valency or value - means the attraction

of the prize.

o Instrumentality or belief that employ-
ees will be adequately rewarded for
their work.

e Expectation is an employee's assess-
ment of performing a work activity.

Employees perform their work tasks
more efficiently if they bring them the
desired goal (instrumentality), where there
is a value (valency) and where the expec-
tations are likely. The advantages of this
theory are the association of advocacy and
achievement the desired goals. The nega-
tive side of the VIE's theory of expectation
is the irrationality, impulsibility and emo-
tionality of the employees.

Alternative A2: The theory of justice
or as it is called the Adams's theory of
equality is a motivator where the employ-
ees for a particular type of work should be
justly rewarded. But the question arises
whether they do it fairly or not. This is a
key part of this theory. The fair distribu-
tion of rewards to the employees is when a
balanced relationship between dedication
and rewarding is otherwise unjust. In the
event of unfair distribution, the employees
are demotivated and do not invest their
efforts to perform the work goals of the
organization. In large cases, they are so
dissatisfied with leaving the organization.
The problem of this theory is the personal
assessment of employees on the reward
assessment for the work done.

Alternative A;: The integrative moti-
vation theory is an extended model of ex-
pectation theory where the following vari-
ables are added: role perception, capabil-
ity and employee satisfaction. This meth-
od contains the relationships of variables
of the content and process theory of moti-
vation and integrated needs, where the
needs are the basis for determining the
preferences by which the name is called
an integrative process model [23].

Two reverse links are built into this
model [24]:

e The first between the variance of
performance and variance of effort
and rewards

o Another feedback between the satis-
faction and value of prizes.

Alternative A,: Goal Setting Theory:
The very title of this theory tells us that
the motivators of this method are the
goals. The employee goals are motivated
if they are clear, precisely defined, desira-
ble, difficult but feasible, and if the em-
ployees are allowed to define them to-
gether.

According to Jordan [25], the goal
should be divided into several smaller
goals, so that the accomplishment of goals
can be relatively easy, but nevertheless be
awkward enough to provide the necessary
satisfaction in their accomplishment.

The Goal Setting Theory provides
managers with the following lessons [26]:

1. Define clear and specific objectives;

2. Define difficult or achievable goals,
and

3. Give employees the feedback infor-
mation on achieving the organizational
goals.

In order for managers to choose the
most effective motivation theory, they
have a task to determine the criteria. The
criteria serve to rank the given alternative,
that is, the criteria that have been opera-
tionalized in relation to the premise of
assessment: the expected or accomplished
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achievement. The criteria depend on the
expectations of the decision maker. The
criteria can also be conflicting.

Criteria for the assessment of alterna-
tives are proposed by the mining team's
management team: criterion C1 - wage,
criterion C2 - employee rewards, criterion
C3 - benefits and criterion C4 - gratitude
for the work done.

Criteria C1 - wages, wages of emplo-
yees are determined in accordance with the
organization 's strategy. For every work
done in the organization, there must be
compensation, salary or salaries. The great-
er the compliance of the organization and
the salary system, the organization is more
successful.

Criterion C2 - employee rewards, is a
process by which the employees are provid-
ed with funds for work performed as a sup-
plement with a certain remuneration.

C3 Criteria - benefits, benefits are very
important for employees. Organizations
with their benefits attract the best workers to
retain them and thus achieve the positive
results. There are various benefits: vacation,
life insurance, hot meals, etc.

C4 Criteria - acknowledgment for the
work done, acknowledgments of the em-

Table 1 Scale of criteria comparison

ployees' gratification for the work done is
related to care and support to employees.

3. MODEL OF RESEARCH

The AHP method (analytical hierarchical
process) [27], by implementing, allows us to
rank the motivation theory. It is based on a
hierarchical analysis of decision problems.
The hierarchy of the problem of decision
making was constructed through defining its
goal, assessing criteria and sub-criterion, and
finally variance. On each level of the hierar-
chy, based on the comparison of criteria,
subcriteria and variants, the professional
information DM s defined in the form of
relative weights [27].

The AHP method algorithm focuses on
finding a solution for the so-called inhe-
rent value problem [27] at each level of
the hierarchy. As a result, a set of vectors
containing normalized, absolute values of
weight for criteria, subcriteria and variants
are generated. The collection of vector
elements is 1 (100%).

Based on the Saati scale (Table 1), the
relative importance between the two criteria
is determined (Table 2). The relative im-
portance of the criteria is made by the deci-
sion makers or team managers together with
the experts from a particular field.

Valuej, Interpretation of results

1 j and k are equally important

3 j is a little important than k

5 j is more important d k

7 j is very important than k

9 j is absolutely more important than k
2,4,6,8 intermedia value

Table 2 Matrix of criteria comparison

Criteria C; (wage) gfé:ﬁm;zgg C; (beneficiations) Cflé Igadporl)‘]r:(\:l\ll%trllc();
C, 1 3 5 7
C, 1 3 1
Cs 1 1/2
Cy 1
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Table 3 shows the results obtained by
calculating the AHP method using the Crite-
rion Decision Plus software. The degree of
consistency should be less than 1, which in
this calculation was 0.054.

The obtained results are shown in Ta-
ble 3. It was obtained that criterion C1, the

Table 3 Final results

employees wage has the greatest influence
on the motivation of employees and it
depends on which theory of motivation as
a recommendation is most effective for
implementation in the mining companies
to managers.

Criteria C,

m 0.602

0.183 0.079 0.136

Consistency coefficient, 0.054<0.1

Figure 1 Displays the hierarchy of criteria obtained with the software.

[ Criterium DecisionPlus - [Hierarchy - (Mew)]

‘_:a File Edit View Block Level Model Results

(] = = = Ce @3

New  Open  Save Print  Prevw Snap

Analysis

Window  Help

+ L ml =

MNavig Options Rate  Scores Help

I Goal ] Level 2

] Alternatives ]

1,000 Goal

1,000 Alternative

Figure 1 Hierarchy of criteria

Figure 2 Show the criteria by the values of activity on the motivation of employees.

" Salary
" Rewarding employees
Benefits

= Thanks for the work
done

Figure 2 View of crteria by the values of activity on he motivation of employees
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The next step of the AHP method is to
rank the individual alternatives with each

of the criteria Table 4-7.

Table 4 Comparison of alternatives regarding to the criterion C;

Alternative A A, Aj A,
A 1 1/2 1/3 1
A, 1 1/2 1/2
Az 1 1
A4 1

Consistency degree 0.077<0.1

Table 5 Comparison of alternatives regarding to the criterion C,

Alternative A]_ A2 A3 A4
Ay 1 2 1/2 3
A, 1 3 2
Az 1 1
A, 1
Consistency degree 0.099<0.1

Table 6 Comparison of alternatives regarding to the criterion Cs
Alternative Aq Ay Az Ay
Ay 1 2 3 2
A, 1 1/2 2
Az 1 3
A4 1
Consistency degree 0.097<0.1

Table 7 Comparison of alternatives regarding to the criterion C,
Alternative A A, Aj A,
Aq 1 2 3 2
A, 1 1 1
Az 1 2
A4 1

Consistency degree 0.044<0.1

The results obtained with software are shown in Table 8.

Table 8 Final results

Alternative Results
Expectation theory A; 0.245
Theory of Justice A, 0.217
Integrative Theory Az 0.310
Theory of goal setting A, 0.228
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0,183 C2 40,245 A1
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Figure 3 Hierarchy of criteria and alternatives

4 ANALYSIS OF THE RESULTS -
DISCUSSION

The algorithm of the AHP methodolo-
gy for finding the solution of the most
effective theory of motivation for the so-
called problem results show that this is the
integrativity theory, an extended model of
the theory of expectation of the alternative
Asz. The integrativity theory occupies the
first place for efficiency and is recom-
mended to the managers of the mining
company as the most efficient for its im-
plementation. Its weight coefficient is
0.310 or in percentages of 31%. For this
theory, the motivation of employees is not
only a psychological and sociological
problem of work and work behavior, but
the behavior of employees is directed to-
wards an operational goal that arouses

the needs caused by it, and the goal is to
behave in meeting their needs.

In the second place, it is obtained by
calculation the AHP method by efficiency
that it is alternative of A; the theory of
expectation. Its weight coefficient is 2.45,
or in percentages 24.5%. The theory of
expectation is valid for the theory that
explains the best way and how to motivate
the employees in mining companies. Ex-
pectation theory or VIE is a product of
valency, instrumentality and expectation.

In the third place according to the effi-
ciency of the given alternatives, it was
obtained as the method of goal setting
theory, that is an alternative to A, whose
weight coefficient is 0.228. Clearly de
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fined, specific, difficult but achievable goals
are strong motivators for the employees. In
addition to getting the feedback information
for their realization, it initiates a higher mo-
tivation for the employees. When the em-
ployees are motivated, the management
expectations are justified for the success of
mining company.

In the fourth place in terms of efficiency
of the theory of motivation, the results show
that this is the theory of righteousness alter-
native A,. Its weight coefficient is 0.217. In
the theory of justice, equity in salaries is

of relevance to the employees in mining
companies. And this is a true motivator for
all employees.

Figure 4 gives a schematic repre-
sentation of the given motivation theories.
Between the given theories there are no big
differences because the results of weight
coefficients are approximate. All estimated
motivation theories are important for the
motivation of employees in the mining
companies and can be used by the mana-
gers. But it's very rare for managers to re-
member that they exist.

B Expectation theory Al

B The theory of
righteousness A2

Integrative theory of
motivation A3

B Theory of goal setting A4

Figure 4 Schematic representation of the estimated motivation theories

The C1 criterion is for the employee of
an organization the largest motivator, a pay-
roll for completing a work assignment so
that most acts on the evaluation of motiva-
tion theory. Salary is the largest motivator
of employees, occupying the first place be-
cause the weight coefficient is 0.602. Salary
satisfaction is direct, linked to the motiva-
tion of employees.

For the employee reward the criterion
C2 is in the second place, which as a moti-
vator acts to the evaluation of motivation
theory. Its weight coefficient is 0.183. The
rewarding of employees brings better organ-
ization of the employees themselves and the
mining organization which contributes to
higher profit.

In the third place is the criterion C4, a
gratitude for the work done with the weight
coefficient of 0.136. Caring for employees

and providing support is a motivator that
drives the employees to easily carry out the
work tasks.

Benefits, the criterion C3 is in the third
place with a weighting coefficient of 0.079.
If the employees receive various benefits, a
retention of the best workers who can
achieve positive results in mining companies
is achieved.

5 CONCLUSION

This paper shows the possibility of using
the multicriterial decision making (MCDM)
as an innovative solution in selecting the
most effective motivation theory.

The algorithm of AHP method for find-
ing the solution for the most efficient theory
of motivation for the problem of motivation
assessment in the mining companies shows
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that the theory of integrity, the expanded
model of the theory of expectation, the al-
ternative Az is the most effective for imple-
mentation.

Salary in the mining companies is the
biggest motivator of employees, criterion
Cy, so that it mostly works on the evaluation
of motivation theory. The motivation of
employee is directly linked to the salaries of
employees.

The task of managers in the mining
companies is to understand the particularity
of motivation theory and human complexi-
ty, so that, depending on their specific busi-
ness, they select and apply the most effec-
tive motivation techniques.

By applying the theory of motivation
the managers will involve the employees
and motivate them to work.

The key methodology chosen is the
survival, sustainability and organizational
and financial success of the mining com-
panies.
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Abstract

Leadership becomes an important topic of research in the organizational theory as it is an essential
factor for the success of organizations. Leadership can be understood as a process of influencing fol-
lowers based on the clear values and beliefs. Organizational culture is largely evolving under the influ-
ence of leadership, and the culture of an organization in some segment can also affect the leadership.
The efficient organizations in order to survive in increasingly competitive business conditions require a
tactical and strategic thinking as well as the creation of a culture by the leader. Vision and mission of
the organization can be realized only if the leader creates a culture dedicated to the support of this vi-
sion. Bearing in mind that the natural resources are a factor necessary for the functioning of societies in
the modern world, the aim of the manuscript was to determine the role that a leader has in creating an

organizational culture that fosters the concept of preserving the natural resources.
Keywords: leadership; leader, organizational culture, natural resources.

1 INTRODUCTION

Leadership as a phenomenon takes a
special place in the world and it becomes a
highly desirable attribute in a competitive
business conditions. Research on the phe-
nomenon of leadership dates back nearly a
century [23].

The importance of leadership and lea-
ders is especially important in the modern
organizations. Organizations have realized
that the leaders contribute to achieve and
maintence competitive advantage [7]. For
this reason, the focus of organizations that
have leaders among the employees is in-
creasing, and that is why the process of re-
cruitment and selection elect people who
possess the leadership skills. Leadership is
an essential element of functioning of all
organizations. Leaders with their own

strengths create a confidence in the organi-
zation as well as a desire of their followers
to achieve the goals of a group or organiza-
tion. Leadership is directly related to the
ability to influence the people's behavior.
Very rapid industrialization as well as
the increasing level of industrial production
in the world has caused the rapid depletion
of natural resources and emergence of envi-
ronmental problems, which directly affects
the environment. For this reason, the entire
world is affected by serious environmental
problems, so it is increasingly difficult to
find a balance between the production and
ecology [1]. The basic objective of preserva-
tion the natural resources is reflected prima-
rily in the balance of their use. Balance is
needed between the exploitation of re-
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sources, economic interests, social interests
and interests of environmental protection.
This implies the use of resources in accord-
ance with the concept of sustainable devel-
opment, respecting the three essential imper-
atives on which the very concept is based,
ecological imperative, social and economic
imperative [13; 16].

Leadership is important for the organi-
zation. Organizational culture is largely
developed under the influence of leadership,
and also the culture of an organization in
some segment can affect the leadership. The
efficient organizations to survive in increas-
ingly competitive business conditions re-
quire a tactical and strategic thinking as well
as creating a culture by the leaders. Vision
and mission of the organization can be rea-
lized only if the leader creates a culture ded-
icated to the support of this vision [20].

Based on the above, the aim of this pa-
per is to examine the role of leaders in creat-
ing an organizational culture that fosters the
concept of preservation the natural re-
sources. Accordingly, the manuscript is
structured as follows: Section 1 presents the
introduction; Section 2 presents a literature
review; Section 3 presents the materials and
methods while Section 4 presents the results
of research with discussion. The final con-
clusions were given at the end of the paper.

2 LITERATURE REVIEW

Leadership is the ability to focus the
group on the organization's vision and
goals. It can be said that it represents one of
the managerial features of a company or
organization that interacts with the employ-
ees and which has a major impact on the
organization's turnover rate. Without leader-
ship, achieving tasks and achievements is
impossible [17].

There are different approaches when de-
fining leadership, one of the more intere-
sting approaches proposed by Bass and
Stogdill [4] in which they see the leadership
with a particular emphasis on the group
processes. From this perspective, i.e., the

point of view, the leader is the initiator and
center of changes and activities in one
group, thereby consolidating the will of the
group. In other definitions of leadership, the
leader is viewed from the perspective of
personality, so the leadership is seen as a
combination of special characteristics that
the individual possesses and which allow
him to impose the tasks on others. The rest
of the definitions refer to the leadership in a
form of activities or behaviors, in the sense
that the leadership consists of all activities
the leader does to bring about changes in the
group. Leadership implies the attitude, lead-
ing an organization or some of its work in a
new direction, problem solving, creativity,
launching the new programs, building the
organizational structures and improving the
quality in an organization [3].

From the standpoint of classical theo-
rists of organizational behavior, the leader-
ship is viewed from the point where a leader
leads followers toward fulfilling organiza-
tional objectives. So Davis and Gardner [9]
consider the leadership as a human factor
that connects members of the group and
motivates them to achieve the goals. On the
other hand, a similar definition is proposed
later by Bass and Bass [3], where they em-
phasize that leadership can turn the follo-
wers, creates a vision of the goals that need
to be fulfilled, and where followers are ar-
ticulating ways of realizing the organiza-
tional goals.

The theme of leadership and organiza-
tional culture attracts a significant attention
and is increasingly becoming the subject of
researchers' interest. Most of the research
interests for the two areas are based on ex-
plicit and implicit claims that the leadership
and culture are linked to the organizational
performance.

Leadership is a highly desirable attribute
in the modern and increasingly competitive
business conditions. Leaders believe in their
own strengths and create the enthusiasm in
the organization as well as the aspiration of
the followers in order to achieve the goals
of the group or organization. Near the "real"
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leaders, the employees feel more competent
and safer. Leadership is also directly related
to the ability to influence the people's be-
havior.

Janicijevi¢ [12] stands the view that or-
ganizational culture represents the phenom-
enon of behavior in the organization, i.e.
organizational behavior, and that it marked
the area of management in the last decade
of the XX and the first decade of the XXI
century. Numerous researches in the field of
organizational culture confirm the role of
leaders in creating and maintaining a certain
type of culture in organizations [20]. On the
other hand, Hennessey [11] indicates the
importance of understanding and working
within a culture as a prerequisite for a suc-
cessful leadership.

One of the approaches to discover the
relationship between the organizational
culture and leadership is to examine how
culture is conceived in the organizational
theory. Smircich [22] points out two ap-
proaches to the study of organizational cul-
ture: culture as an organizational variable
and culture that is seen as something that
can be manipulated. According to Brown
[6], organizational culture is defined as "a
system of assumptions, values, norms and
attitudes manifested through symbols,
which members of one organization devel-
oped and adopted through a shared experi-
ence and which helps them to determine the
meaning of the world that surrounds them
and how to behave in it" [12].

Fishman and Kavanaugh [10] suggest
that the culture of an organization and the
way people respond to certain changes and
innovations significantly shape the behavior
of the leaders. Kavanaugh and Ashkanasy
[14] emphasize the view that the role of
leaders is important in the process of crea-
ting and maintaining a certain type of or-
ganizational culture; however, Bass and
Avolio [2] state that a particular culture is a
prerequisite for the leadership success and
point to a mutual relationship between then
leadership and organizational culture, that

is, the organizational culture and leadership
are intertwined.

In his research, Schein [20] thoroughly
examined the concepts of organizational
culture and leadership, and he also ex-
pressed the view that the organizational
culture and leadership are two sides of the
same coin and can not be understood by
themselves. Also, leadership as a process is
not separated from a wider situational con-
text in which the leadership takes place,
unless a culture supports the leaders, in
which case leadership based on common
values is not possible. Therefore, culture
determines a large part of what the leaders
are doing and how they do it [18].

Lately, the link between the organi-
zational culture and leadership has been
increasingly mentioned as the basic postu-
lates for creating a sustainable organization.
In his research, Baumgartner [5] examines
the impact of organizational culture and
leadership on creation a viable corporation,
and points out that the organizations have a
great importance in creating sustainable
communities. The extent to which the con-
cept of sustainable development will be
applied depends on the leader in an organi-
zation as well as the organizational culture.

The culture of one group changes over
time and is the result of the most common
change in various influential factors such as
the business environment, leadership, man-
agement practice and formal and informal
socialization processes [24]. Organizations
face the challenge of applying the concept
of sustainable development; however, this is
possible with the active role of the leader,
which Schmidheiny confirms in his re-
search [21].

Roorda [19] in its extensive research ex-
amines the key competences of sustainable
development that are an essential step for
implementing the concept of sustainable
development. It also notes that the emotional
intelligence of the leader represents a signif-
icant competence necessary for the imple-
mentation of concept itself, among other,
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also are mentioned competencies such as the
responsibilities, system orientations, future
orientations and action skills.

Creating an organizational culture and
initiating change in the organization almost
always starts from the leader. So, the leaders
are those who initiate changes in the organi-
zation and who have an impact on creation
an organizational culture that will respect the
concepts of sustainable development.

3 MATERIALS AND METHODS

Research on the role of leaders in creat-
ing an organizational culture that fosters the
concept of preservation the natural resources
was carried out in the period from
15.05.2017 - 30.06.2017. The research in-
cludes four economic entities on the territory
of Belgrade who, in addition to their regular
daily work activities, respect the principles
of sustainable development and maximally
care about the preservation of natural re-
sources. A survey questionnaire was used as
a research instrument. The research was
anonymous, while a total of 300 questio-
nnaires were distributed. The number of
validly filled questionnaires relevant to the
research is 260, which represents 86.66% of
respondents. The response level and validly
filled questionnaires is expected and corres-
ponds to the results that are recommended in
the literature [8; 15].

In addition to the basic demographic
characteristics, such as gender, age,
education, respondents evaluated the
following statements using the five-step
Likert scale with grades of 1 (I do not agree
at all) to 5 (I totally agree):

- The leader in my organization provides
the greatest contribution in creating an
organizational culture and demon-
strates how employees should behave
in terms of preserving natural re-
sources.

- The leader in my organization directs
followers to use resources respecting
the principles of savings and host be-
havior.

- The leader in my organization, by his
own example, demonstrates the use of
resources, respecting the principles of
savings and host behavior.

The leader in my organization creates a
desirable way for others to revitalize
the values and reliability of the princi-
ples of preserving natural resources.

In my organization, the leader nurtures
values in terms of preserving natural
resources.

The leader in my organization shows
the conformity of my beliefs and ac-
tions regarding the creation of an or-
ganizational culture aimed at preserv-
ing natural resources.

Employees in the organization guided
by the action of the leader align their
behavior towards the conservation of
natural resources.

My leader possesses the competencies
necessary for creating an organization
that in its focus has the preservation of
natural resources.

The leader in my organization, with his
attitudes and behaviors, has an impact
on raising the environmental aware-
ness of employees.

The leader in my organization realisti-
cally sees reality, assesses the current
situation of reality, and makes a deci-
sion in the direction of preserving natu-
ral resources.

Factor analysis was used to process the
results, which is currently one of the most
common analyzes of multivariate techniques
that has the following goals:

- To identify and understand the basic
idea of common characteristics for a
number of variables, and

- To reduce the number of variables in
the analysis when there are a number
of variables, where some of them
overlap and have similar meanings or
behavior.

The basic objective of factor analysis is
that on the basis of mutual variation between
the variables that are manifested in the ana-
lysis determine a smaller number of varia-
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bles (factors) that explain this so-called cog-
nition between the perceived variables.

In order for factor analysis to be effec-
tive, there must be a minimal matching of
the variables in its meaning. In this case, a
pattern can be detected in the behavior of the
variable, that is, the basic idea or factor.

4 RESEARCH RESULTS AND
DISCUSSION

The research was attended by the total
number of respondents from all four sub-
jects, 47.86% of male respondents and
52.14% of female respondents. Then, out of
the total number of respondents from all four
companies / entities, 10.71% of respondents
were aged 18 to 24 years; 15.71% of re-
spondents aged 25 to 30 years; 32.86% of
respondents aged 31 to 45 years; 27.86% of
respondents aged 46 to 60 years and 12.86%
of respondents were 60 years old and above.
Out of the total number of respondents, there

were 61.43% of those with secondary edu-
cation; 35.0% of those with higher education
and 3.57% of those with completed faculty,
and according to the status of employment in
the organization for all four economic enti-
ties, there were 99.29% of employees and
0.71% of leaders.

When it comes to creating an organi-
zational culture that fosters the concept of
preserving natural resources, the respondents
gave the highest average grade (4.20) for
conclusion that the leader in my organization
realistically sees reality, assesses the current
situation of reality and makes a decision in
the direction of preserving natural resources,
with the standard deviation 0.670. While the
lowest average score (3.80) was attributed to
the claim that the organization's leader di-
rects followers towards the using of re-
sources, respecting the principles of savings
and host behavior with the standard devia-
tion of 0.648.

Table 1 Correlation matrix between variables

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8| Q9 Q.10

Q1 1000 0.180 0.354 | 0.252 0.241 0.277 0.236 0.186 0.087 @ 0.192

Q_2 | 0.180 1.000 0.367 | 0.293 A 0.308 @ 0.194 0.135 0.192 0.154 -0.007

2 Q3 0354 0367 1000 0464 0334 0225 0207 0.193 0.203 0.043

é Q4 | 0252  0.293 0.464  1.000 0.600 0.208 0.329 0.288 0.237 @ 0.137
©

S | Q5 0241|0308 0.334  0.600  1.000 0.307 0.459 | 0.443 0.368 @ 0.244

-§ Q6 | 0277 0.194 0.225 | 0.208 A 0.307 1.000 0.401 0.363 0.326  0.293

§ Q_7 | 0236  0.135 0.207 | 0.329 A 0.459 H 0.401 1.000 0.376 0.423 0.355

S Q8 | 0.186  0.192 0.193 | 0.288 ' 0.443 0.363 0.376 1.000 0.548 0.399

Q9 | 0.087  0.154 0.203 | 0.237 A 0.368 ' 0.326 | 0.423 0.548 1.000 0.525

Q_10 | 0.192 @ -0.007 0.043  0.137 0.244 0.293 | 0.355  0.399 | 0.525  1.000

Table 1 shows the strength of the rela-
tionship between the variables from the
analysis through the correlation coefficient,
which indicates the relationship between
variables from the questionnaire, i.e. those
variables that are related to creating an or

ganizational culture that fosters the concept
of preservation the natural resources. Corre-
lation coefficients range from -1 to +1. The
dependency coefficient level between the
variables for this analysis is over = 0.3. Ta-
ble shows that there are the correlation coe-
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fficients that are greater than 0.3 and that the
following analysis is justified; also, the ob-
tained data are suitable for a decision-
making.

The methodology of the analysis indi-
cates the need for another analysis in which
it is approached with the following tests to
even more accurately assess the significance
of the use of the passing test.

Table 2 Passing test for the main component analysis

Kaiser-Meyer-Olkin Measure of Sampling Adequacy 0.807
Approx. Chi-Square 373.611

Bartlett's Test of Sphericity df 45
Probability 0.000

The value of the Kaiser-Meyer-Olkin
Measurement of the Sampling Adequacy
test is greater than 0.5 while the other Bart-
lett's Test of Sphericity is significant at an
error level of 0.000. The obtained values of
conducted tests for the analysis of the main
components show that the data, used for the
survey or scale by which the respondents
were surveyed, are justified as a method of
measuring this phenomenon.

After previous checks, the methodology
suggests calculating the common variation
that variables have among themselves
through the so-called extracted variance. The
maximum variation tends to number one,
which means that the values closer to it are
more common in terms of variation with
other variables.

Table 3 Communalities explained by variance of variables

Indicators Initial Extr_acted
variance
1. The leader in my organization provides the greatest contribution in
creating an organizational culture and demonstrates how employees should 1.000 0.287
behave in terms of preservation the natural resources
2. The leader in my organization directs followers to use resources
B - - - 1.000 0.428
respecting the principles of savings and host behavior
3. The leader in my organization, by his own example, demonstrates the use of
: S . - 1.000 0.599
resources, respecting the principles of savings and host behavior
4. The leader in my organization creates a desirable way for others to
revitalize the values and reliability of the principles of preservation 1.000 0.582
the natural resources
5. In my organization, the leader nurtures values in terms of preservation 1.000 0.580
the natural resources
6. The leader in my organization shows the conformity of my beliefs and actions
regarding the creation of an organizational culture aimed at preserving natural 1.000 0.374
resources
7. Employees in the organization guided by the action of the leader align their
: : 1.000 0.496
behavior towards the conservation of natural resources
8. My leader possesses the competencies necessary for creating an
P S . 1.000 0.564
organization that in its focus has the preservation of natural resources
9. The leader in my organization, with his attitudes and behaviors, has an
- . - 1.000 0.642
impact on raising the environmental awareness of employees
10. The leader in my organization realistically sees reality, assesses the cur-
rent situation of reality, and makes a decision in the direction of preserva- | 1.000 0.617
tion the natural resources

Extraction Method: Principal Component Analysis.

No. 1-2, 2019

66

Mining & Metallurgy Engineering Bor



Between the indicators there is a com-
mon variability explained by absolute varia-
tion over variance. The stated amount of
variance (saturation of the component) can
be maximal up to number one to correlate
with a larger number of indicators.

The purpose of the analysis is to deter-
mine the indicators that simultaneously vary
and where in this way they also correlate to
a new dimension that actually forms a group
of common factors that affect a particular
phenomenon. Therefore, this analysis further
implies the use of a test that calculates the

total variability or quantity. By further using
the Kaiser's criteria, through which the total
variability is extracted and which is down-
graded by a score higher than the number
one.

Which indicators will remain in the
analysis, it is decided after applying the so-
called factor space rotation in order to facili-
tate the interpretation of the results. Using
orthogonal rotation through one of the de-
fault (Virimax) will show the indicators that
vary with high variance values in the new
impact factors.

Table 4 The totally explained variability of analysis of the main components

2 Basic equivalents of variance Extracted summarized variability of

o components

o

Q 0 i 0 i
1 3.664 3.635 36.635 3.664 36.635 36.635
2 1.506 15.059 51.694 1.506 15.059 51.694
3 0.941 9.413 61.107

4 0.805 8.047 69.154

5 0.722 7.215 76.369

6 0,586 5.857 82.226

7 0.568 5.684 87.91

8 0.508 5.075 92.985

9 0.362 3.616 96.601

10 0.34 3.399 100

Table 4 shows the number of common
extracted factors, the possible values asso-
ciated with these factors, the percentage of
total variation explained by each factor
and the cumulative percentage of total
variance explained by the factors. Using
the criterion for retaining only those fac-
tors with possible values of 1 or more, in
this case, two factors are retained for rota-
tion. These two factors explain 36.64%
and 15.06% of the total variance, which

together account for 51.7% of cases with
which variance of indicators correlates.
Figure 1 shows a diagram of a factor
transitions showing a clear fracture point
behind another component (factor). In
further discussion of the research results,
two factors (factors) are retained that were
obtained by the factor analysis, which is
considered as two dimensions, or sub-
scales. The first component explains 36.6%
variation and the other 15.1% of variation.
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Figure 1 Skater diagram

The methodology of the analysis in-  the highest coefficient correlating with the
volves a correlation matrix for two factors, factor - which means closer to the number
to determine which of the variables has one.

Table 5 Matrix of original components with its saturation based on each indicator

Component
1 2

1. The leader in my organization provides the greatest contribution in
creating an organizational culture and demonstrates how employees 0.459 0.277
should behave in terms of preservation the natural resources

2. The leader in my organization directs followers to use resources re-
specting the principles of savings and host behavior

3. The leader in my organization, by his own example, demonstrates the
use of resources, respecting the principles of savings and host behavior

4. The leader in my organization creates a desirable way for others to
revitalize the values and reliability of the principles of preservation the 0.643 0411
natural resources

5. In my organization, the leader nurtures values in terms of preservation
the natural resources

6. The leader in my organization shows the conformity of my beliefs and
actions regarding the creation of an organizational culture aimed at 0.596 -0.135
preservation the natural resources

7. Employees in the organization guided by the action of the leader align

0.427 0.496

0.537 0.557

0.744 0.164

their behavior towards the conservation of natural resources 0676 0200
8. My leader possesses the competencies necessary for creating an organi-
. L . 0.688 -0.299
zation that in its focus has the preservation of natural resources
9. The leader in my organization, with his attitudes and behaviors, has an 0.668 0443

impact on raising the environmental awareness of employees

10. The leader in my organization realistically sees reality, assesses the
current situation of reality, and makes a decision in a direction of 0.533 -0.577
preservation the natural resources
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For easier interpretation, the following only in the case that the first and second
is the rotation of component saturation, but  factors are not in a great correlation.

Table 6 Matrix of rotated components with its saturations based on each indicator
of the first component

First

Indicators
component

1. The leader in my organization provides the greatest contribution in
creating an organizational culture and demonstrates how employees should 0.171
behave in terms of preservation the natural resources

2. The leader in my organization directs followers to use resources respecting

the principles of savings and host behavior 0.006

3. The leader in my _organizati_on,_ by his own example, demonst(ates the use of 0.05
resources, respecting the principles of savings and host behavior

4. The leader in my (_)rganization_ creates a desirable way for others to revitalize the 0.225
values and reliability of the principles of preservation the natural resources

5. In my organization, the leader nurtures values in terms of preserving natural 0.462

resources

6. The leader in my organization shows the conformity of my beliefs and actions
regarding the creation of an organizational culture aimed at preservation the 0.542
natural resources

7. Employees in the organization guided by the action of the leader align their

behavior towards the conservation of natural resources 0.645
8. My leader possesses the competencies necessary for creating an organization
L . 0.719
that in its focus has the preservation of natural resources
9. The leader in my organization, with his attitudes and behaviors, has an impact on 0.796

raising the environmental awareness of employees
10. The leader in my organization realistically sees reality, assesses the current

situation of reality, and makes a decision in a direction of preservation the 0.779
natural resources

It is seen from Table 6 that after the It is seen from Table 7 that after the ma-
matrix development of rotated compo- trix development of rotated components
nents with its saturations based on each  with its saturations based on each indicator
indicator of the first component (factors), of the second component (factors), also four
four variables are grouped into the first variables are grouped into the second com-

component that we will name as: ponent that we will name as:
- Existence of real attitudes in - Creativity as an example to the
accordance with knowledge and fo-llowers for not giving up the
action. set objective.
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Table 7 Matrix of rotated components with its saturations based on each indicator

of the second component

Indicators SEEITE
component

1 The leader in my organization provides the greatest contribution in creating
an organizational culture and demonstrates how employees should behave 0.508
in terms of preservation the natural resources

2. The leader in my organization directs followers to use resources respecting 0.654
the principles of savings and host behavior )

3. The leader in my organization, by his own example, demonstrates the use 0.772
of resources, respecting the principles of savings and host behavior )

4. The leader in my organization creates a desirable way for others to revital-
ize the values and reliability of the principles of preservation the natural 0.729
resources

5. In my organization, the leader nurtures values in terms of preservation the 0.606
natural resources ’

6. The leader in my organization shows the conformity of my beliefs and
actions regarding the creation of an organizational culture aimed at preser- 0.282
vation the natural resources

7. Employees in the organization guided by the action of the leader align 0.284
their behavior towards the conservation of natural resources )

8. My leader possesses the competencies necessary for creating an organiza- 0.216
tion that in its focus has the preservation of natural resources '

9. The leader in my organization, with his attitudes and behaviors, has an 0.093
impact on raising the environmental awareness of employees '

10. The leader in my organization realistically sees reality, assesses the cur-
rent situation of reality, and makes a decision in a direction of preserving -0.097
natural resources

CONCLUSION

Leadership becomes a significant topic
in the organizational theory and a necessary
factor for the success of any business en-
deavor. Leader in the organization plays a
significant role reflected through: determi-
ning and realizing goals, motivating and
supporting the followers towards achieving
goals, supporting unity and empowering
group values. Leaders always strive to work
within the framework of the roles that re-
quire change, while maintaining continuity
in meeting the needs of constituents or
stakeholders (stakeholders).

Based on the conducted research, it can
be concluded that the employees in the or-
ganization are always guided by the actions
of their leader, and on the case of the organi-
zations that participated in this survey, the

employees permanently align their behavior
in a direction of preservation the natural
resources. Leaders in such organizations that
are focused on preservation the natural re-
sources must possess the competences nec-
essary for creating such organizations with a
focus on preserving natural resources. By its
attitudes and behavior, the leader has an
impact on raising the environmental aware-
ness of employees. Therefore, the leader
must always realistically see reality, assess
the situation before making any decision,
and the decision should be directed towards
the preservation of natural resources. The
leader in the specific organizations directs
followers towards using of resources, re-
specting the principles of savings and host
behavior. Therefore, on a personal example,
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he must always demonstrate this host beha-
vior because it creates a desirable way for
others to revitalize the values and reliability
of the principles of preservation the natural
resources. Naturally, the leader would have
to preserve, after creating the desired paths,
for as long a period as possible and to nour-
ish the values that lead to the preservation of
natural resources.

Also, research shows that a leader in the
organization mainly deals with people, their
behavior and knowledge, their potentials
and abilities and their stimuli and results.
The leader directs his communication to-
wards rational use of resources, and when
employees give an opinion, the leader al-
ways asks and what others think. The leader
in the organization actively communicates
and shares information on the rationaliza-
tion of resource use and always consults
with the followers and provides guidance on
resource preservation. Employees in the
organization give an open and honest feed-
back to each other, making it easier for the
leader to cooperate with all stakeholders in
order to meet the mutual needs of organiza-
tion. Aware of its role and importance, the
leader always has an influence on an organ-
izational culture that is focused on preserva-
tion the natural resources and always seeks
for ideas and opinions that are not always in
a line with his personal, in that way he es-
tablishes the values that strengthen and sup-
port the business ideas.
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Abstract

Digital transformation (DT), as a result of digitalization process, rapidly and fundamentally
changes the business entities and organizations, which involves a radical review of the use of tech-
nology to change the strategy, value streams, operations, and business models, with a significant
impact on customers, business partners and employees. Enterprises are launching the DT initiatives
examining the wishes and needs of customers and creating operational models that use the new op-
portunities to increase competitiveness. In this regard, the key responses to changes in the digital era
are the reshaping customer value propositions and reconfiguration the operation model. In the basic
industries, where the product is mainly a raw material, such as the mining industry, the companies
launch the DT initiative to improve operations. The operating model is adjusted so that user prefer-
ences and expectations affect each activity in the value chain. This requires the integration of busi-
ness activities and the optimization of the way to manage and track data related to each key activity
in the value chain. However, although there is a great potential for future growth, the current state of
digital transformation in mining is at a low level. Therefore, the question arises as to how to launch
and effectively realize the DT initiative for improvement the operational model in the mining enter-
prise. This paper, in general, discusses the importance of the DT, with particular reference to the key
aspects of the DT, challenges and success factors in the mining industry. As a result of research, the
key aspects of realization the DT initiative for improving the operational model in the large,
diversified mining enterprise are presented; challenges and success factors are identified and classi-
fied in a given context. The complete research efforts, as well as the obtained results, are dedicated to
the role and significance of the DT phenomenon in the mining industry, with the goal of wider and
more effective use the digital technologies in the mining enterprises.

Keywords: digital transformation, challenges, success factors, mining, empirical study

1 INTRODUCTION

Digital technologies, such as mobile,
cloud, big data, analytics, sensors, loT
(Internet of Things) and artificial intelli-
gence (Al), with the possibility of combin-
ing them in innovative ways, exponential-
ly accelerate the progress through the digi-
talization process with a great impact on
business and society [1]. Considering that
DT, as a result of the digitalization pro-
cess, permeates all aspects of society, it

may be defined as a “business model driv-
en by the changes associated with the ap-
plication of digital technology in all as-
pects of human society™ [2].

The DT involves an integration of
digital technologies in all areas of busi-
ness, whereby at a high speed and thor-
oughly changes the way in which an or-
ganization carries out its business opera-
tions and delivers value to customers.

Company Boksit, Miliéi, Republic of Srpska, Bosnia & Herzegovina
University of Novi Sad, Faculty of Economics, Subotica, Serbia
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Companies implement the DT initiative
changing the way they work, learn, com-
municate and collaborate, in order to 1)
identify more easily the values relevant to
customers - what is being offered, and 2)
redesign the business and operational
models on the basis of new possibilities -
how it is delivered, all with the aim of
increasing competitiveness [3,4,5,6].

Although the DT can be realized using
different digital technologies in different
scenarios, it has more implications for the
business transformation of the enterprise
than on the technological infrastructure
itself, changing business processes and
business models, which has a significant
impact on organizational culture and em-
ployees [7,8,9,10].

In order to successfully respond to the
market changes, the companies radically
reconsider the use of digital technology to
improve the customer experience, opera-
tional processes, business models and busi-
ness strategies [6,9,11,12,13,14,15,16], fo-
cusing on one of the aforementioned areas
and applying the specific initiatives, wherein
some industries much more rapidly find
ways to implement the DT initiative than in
others [17]. However, each enterprise must
individually find the best way for the DT,
depending on its strategic goals, industrial
context, competitive pressure, and customer
expectations. Also, there are unique combi-
nations of individual industries and their
contribution to national economies in differ-
ent countries, and as a result, the DT has
different characteristics, while digital strate-
gies have different objectives, even when
looking at the same industries in different
parts of the world [3,18].

In basic industries, that offer physical
products, semi-products or raw materials,
such as mining, DT generally starts with
initiatives that aim to improve operations,
i.e. internal processes. The operating model
is aligned with customer preferences and
requirements so that it affects each activity
in the value chain. This requires the integra-

tion of all business activities in the value
chain and the optimization of the way in
which these activities are monitored and
managed [3].

Great expectations are when it comes to
the future of digitalization in mining. In this
regard, it is expected that the application and
connection of devices and things containing
electronics, sensors, and software for mutual
communication and data exchange over the
Internet or in some other way will be of spe-
cial importance [19].

Among the various potential benefits of
digital transformation in mining, the possi-
bilities for using digital technologies in im-
proving the quality management process,
maximizing productivity, improving work-
ing conditions and product quality are high-
lighted [20]. In all this, it is necessary to
avoid traps, such as lack of resources,
knowledge, cooperation, lack of awareness
about the importance of digitalization and its
underestimation [21], on the one hand, and
so-called productivity paradox, that is, the
situation of non-selective application of new
technologies which leads to increased com-
plexity and productivity decline, on the other
hand [22].

Existing findings from the relevant lit-
erature indicate the great potential and low
level of the current state of the DT in the
mining industry. Therefore, the question
arises as to how to initiate and effectively
implement the DT initiative in the mining
enterprise. In this regard, having in mind the
observed lack of DT research in the mining
industry, this paper aims to better understand
key aspects related to the initiation and reali-
zation of the DT initiative in the mining
industry, along with identifying challenges
and success factors in a given context. For
this purpose, empirical research was con-
ducted on the implementation of the DT
initiative in the mining enterprise.

The rest of the work is structured as fol-
lows: Section 2 presents the prevailing atti-
tudes in the relevant literature, and Section 3
defines research questions and describes the
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applied research method. In Section 4, the
results of the conducted empirical research -
a descriptive and explorative case study of
the implementation of the DT initiative in
the mining enterprise - were presented. Sec-
tion 5 specifies the research limitations, and
finally, conclusions are drawn and future
works delineated.

2 RELATED WORK

DT is a complex process that is difficult
to understand [9, 22] and is viewed differ-
rently in different companies and industries
due to different visions, stakeholders, values
and levels of maturity [14], as well as due to
differences in customer expectations and
degree of development of existing systems.
Therefore, every industry, under the pre-
ssure of inevitable changes applies different
ways of implementing DT [3].

Accordingly, there is no one, generally
accepted definition of the DT. For Raab et
al. [7] the DT is more a matter of business
transformation of the entire enterprise and
less technology. Westerman et al. [11] de-
fine the DT as "the use of technology to rad-
ically improve performance or reach of en-
terprises”, while Fitzgerald & Kruschwitz
[12] see the DT as the use of the new digital
technologies (social networks, mobile, ana-
Iytics, cloud, and 10T, also known under the
acronym SMACIT) to enable a significant
business improvement - enhancing customer
experience, streamlining operations or crea-
ting new business models. For Konde &
Tundalwar [4], DT is the integration of digi-
tal technologies in all business segments,
which fundamentally changes the way of
working and delivering values to customers.
That is partly in line with Osmundsen et al.
[15] attitude that the DT is the result of digi-
talization or digital innovation process,
which “enable major changes to how busi-
ness is conducted, leading to a significant
transformation of an organization or an
entire industry.

On the other hand, Liere-Netheler et al.
[9] observe a broader context and define the
DT as a,,metamorphosis that is based on the
intensive combination of present and future
technologies that will change the paradigm
of how value-generating processes in and
between enterprises as well as with custo-
mers take place. DT will affect business
models and corporate strategies.*.

2.1 Challenges of DT

The DT is a complex venture that brings
with it significant challenges, so several
authors have been dealing with challenges
of DT in different industries and organi-
zations. Starting from the point that the key
for successful DT is a review of the vision
and initiation of changes in the business
model, Westerman et al. [11] argue that the
most significant challenges are related to the
management and employees, not just the
technology, regardless of whether the new
or old technologies are applied. They cla-
ssify challenges by implementation phases
on: initiation challenges (lack of impetus,
regulation and reputation, unclear business
case), execution challenges (missing skills,
culture issues, ineffective IT) and gover-
nance challenges (incremental vision and
coordination issues). Depending on whether
DT has the focus on reconfiguring customer
value or customer modeling, Berman [3]
sees the key challenges as monetization of
the new proposals in offering value to the
customers or defining business require-
ments to improve operations.

For Earley [22], challenge is not only to
recognize innovative technology, but also
how to apply it in an existing business mod-
el, taking into account increase in the level
of additional costs for the new tools and
infrastructure, while avoiding the so-called
productivity paradox - a situation that the
new technologies, in the given context, in-
crease complexity to such an extent that
reduces productivity. In this regard, given
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the complexity of DT, Early, as a big chal-
lenge, sees the making of the right decisions
regarding the adoption of new technologies.

Emphasizing the importance and value
of data in Industry 4.0, De Carolis et al.
[23], as the most important challenges for
traditional manufacturing companies, see
the creation of awareness of the added value
that DT brings, and then managing large
amounts of data and information. In con-
nection with the growing significance of
data Erjavec et al. [8] note that the biggest
challenge for digitization is people's prob-
lems due to the adoption of new technolo-
gies, and as an additional challenge, they
note a lack of flexibility in the existing IT
infrastructure, especially when it comes to
collecting and processing unstructured data
from different sources, and connecting ex-
isting systems with a new front-end sys-
tems.

On the other hand, Nahrkhalaji et al.
[14], exploring non-profit organizations,
notes that along with organizational, strate-
gic and managerial challenges, a critical
challenge in the digitization process is the
change in the organization's culture, since
the engagement of new IT staff and the
CDO (Chief Digital Officer) does not guar-
antee success. Wolf et al. [21] as the main
challenges, or obstacles for the DT success,
see isolated thinking, poor knowledge man-
agement, underestimation of digitalization,
lack of knowledge and resources, and lack
of awareness about the importance of digi-
talization.

2.2 Challenges of DT in the mining
industry

The mining industry has been confront-
ed with the generic challenges since its
emergence, such as an increasingly old
workforce, high operating costs, a reduction
in the quality of ore deposits and difficult
working environment. The DT is a signifi-
cant initiative that can contribute to over

coming these challenges, but it requires
hard work, investment, wisdom and pa-
tience [6]. Gao et al. [6] have observed that
while the DT accelerated changes, many
companies are not agile enough to respond
to these changes, while those who fail to
recognize this opportunity are faced with
different challenges in an attempt to apply
complementary improvements competitive-
ly in different parts of the enterprise. In this
regard, they identify the following challeng-
es in terms of how companies in the metal
and mining industry are able to take ad-
vantage of opportunities to improve busi-
ness operations using digital technologies:
lack of competencies (unwillingness for
radical change, lack of staff, commitment
and investment), goal ambiguity (obsolete
skills and governance model, unclear expec-
tations and scope of change, lack of focus),
technological constraints (poor connectivi-
ty, cyber threats, lack of the loT standards,
inapplicability or immaturity of technolo-
gies, redundancy due to mistrust) and exter-
nal constraints (complex operating envi-
ronment, safety, legislation, social responsi-
bility).

Exploring global trends in the mining
industry, Deloitte [24] said in its annual
report that the lack of staff in the mining
industry with digital knowledge and compe-
tencies undermines the digitalization pro-
cess, and therefore, the challenge is to at-
tract digitally competent staff from other
industries.

Ernst & Young [25], in their article de-
dicated to DT in mining, emphasize the
importance of the so-called digital disco-
nnection, as a gap between the potentials of
digital transformation and lack of data and
knowledge of successful implementation
examples, in order to overcome the growing
challenges of increasing productivity, ac-
cess to capital, increasing transparency,
maintaining licenses (concessions) and cy-
bersecurity.
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2.3 Success factors of DT

Several researchers dealt with the factors
of success of digital transformation, both
from the perspective of the organization, as
well as from the perspective of customers
[16]. While Berman [3] argues that compa-
nies with a cohesive plan for the integration
of digital and physical components of opera-
tions can successfully transform their busi-
ness model, for Westerman et al. [17] lead-
ership capabilities are the key to a successful
implementation of DT, i.e. to convert a digi-
tal investment into a digital asset. This is
supported by Earley [22], for which the
leadership implies developing a viable vi-
sion of digital experience, whether for inter-
nal or external users. In doing so, the digital
experience must influence the content and
functionality adjustment to the current needs
of users. In all this, the data play a crucial
role, so organizations need to manage data
and information as a strategic resource.

Khan [26] as a key factor of DT sees
leadership capabilities for successful opera-
tionalization and implementation of DT,
whereby framing the digital challenge, fo-
cusing investment, mobilizing the organiza-
tion (creating a sense of urgency) and sus-
taining the transition is crucial for operation-
al leadership. Sebastian et al. [27] identify
three main elements for a successful DT: a
digital strategy - that defines a value propo-
sition based on digital technologies, an oper-
ational backbone - that facilitate operational
excellence and a digital service platform -
which enables rapid innovation and respon-
siveness to new market opportunities.

Bearing in mind the need to optimize the
process applying the tools, concepts and,
most importantly, involving people for de
Sousa et al. [20] it is crucial to raise aware-
ness and training, both the managers and the
employees. This may contribute to the easy
access to data and reports, and monitoring in
real time. For Erjavec et al. [8] the key for a
successful DT is a cultural change. Pflaum
& Golzer [10] agrees with that, emphasizing

the importance of creating a digital enter-
prise vision, matching operational goals, and
see DT as a race with time, where speed
depends on the existence of a digital de-
partment and a supporting business ecosys-
tem.

According to Nahrkhalaji et al. [14], in
order to raise the level of maturity, in the
context of DT, organizations must review
existing business models, improve the deci-
sion-making process, find the right leader-
ship, solve the complexity and insecurity
imposed by new models of competition and
collaboration, and engage customers. The
DT is a combination of old and new tech-
nologies, a revolution and an evolution,
therefore Wolf et al. [21] as the key success
factors of the DT sees the creation of inno-
vative areas, linking across the boundaries of
the organization, the application of agile
methods, the motivation to try new things
and active management. In addition to the
initiator, goals and implycations of DT, Os-
mundsen et al. [15] identify the following
success factors: supportive and agile organi-
zational culture, good management of trans-
formation activities, knowledge manage-
ment, participation of managers and em-
ployees, enhancement of information system
capabilities, development of dynamic capa-
bilities, development of digital business
strategy, business compliance and infor-
mation system. Liere-Netheler et al. [9] pro-
pose a working framework for a successful
DT, while various researchers have dealt
with the success factors of individual tech-
nologies or aspects of DT, such as the user
experience [16, 28,29,30].

2.4 Success factors of DT in the mining
industry

Deloitte [24] notes that in mining there
are changes in the way in which value
creation is observed, how well a enterprise
extracts resources, to how the enterprise
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uses the information to optimize produc-
tion, reduce costs, increase efficiency and
improve security. With this in mind,
Deloitte [24] claims that the success of DT
does not depend on the adoption of the
latest applications and technologies that
will continue to evolve, but from integrat-
ing the digital thinking into the very center
of business strategy and business practice
in order to change the way corporate deci-
sion-making. This requires the evolution
of leadership competencies and a clear
vision of how a future, digital mine can
transform the processes of realization,
information flow, and support processes.

Starting from the fact that the increase
in productivity is one of the key goals in
mining, in order to get DT in the right way
Ernst & Young [25] emphasizes the im-
portance of understanding 3 key elements:
harmonizing the DT and productivity
agenda, end-to-end approach to business
(from the markets to mines) and a focus
on eliminating waste, especially when it
comes to the influence of leadership and
organizational culture.

Although several authors dealt with
the identification and research of the chal-
lenges and success factors of DT, in gen-
eral, there is a lack of research in the min-
ing industry. Therefore, the need for fur-
ther research on the DT phenomenon in
the mining industry is evident, in order to
overcome the gap of digital disconnection,
validate existing knowledge and identify
new, in different situational contexts.

3 METHODOLOGY

The aim of research is a better under-
standing of the key aspects regarding the
initiation and implementation of DT initia-
tives in the mining industry, as well as
identifying the challenges and success
factors in this context. In this respect, de-
fined the research questions are:

RQ1: How to initiate and realize the
DT initiative in the mining enterprise?

RQ2: What are the challenges of DT in
the mining enterprise?

RQ3: What are the success factors of
DT in the mining enterprise?

In order to answer the research ques-
tions, empirical research was conducted in
a large diversified mining enterprise —
Company Boksit. For the needs of re-
search, the case of development and im-
plementation of the analytical business
software system for organization unit
(OU) Surface mines is selected (hereinaf-
ter Mining Portal). OU Surface mines is
part of the Mining division and performs
surface exploration of ore sites at several
remote locations, with different exploita-
tion conditions, different types and quality
of ore resources.

The main purpose of the Mining Portal
was to support the improvement of the
operational model, i.e. improvement of
key business processes in the value chain
related to surface exploitation of ore sites.
The development and implementation of
the Mining Portal implied the application
of various digital technologies, such as
advanced analytics, cloud, and mobile, as
well as integration with the existing ERP
system and external data sources.

Combining a descriptive and explora-
tive case study provides a better under-
standing of the problems in its natural
environment and defining a framework for
further research [31]. Therefore, the de-
scriptive case study was first applied in
the realization of the research, in order to
describe the key aspects regarding the
initiation and the realization of the DT
initiative for the improvement of the oper-
ational model of OU Surface mines, and
in order to better understand the context,
motives and drivers, the purpose and ob-
jectives, the results achieved, advantages
and disadvantages of the DT initiative, as
well as opportunities to launch future DT
initiatives.
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Subsequently, in the same context, an
explorative case study was carried out to
identify the challenges, success factors,
and the possibilities for further research.
Various sources, including documents, an
implemented software system, and semi-
structured interviews, were used to collect
data and to better understand how key
correspondents see the research problem.

In order to examine the problem of re-
search for both, business and IT perspec-
tives, a semi-structured interview was con-
ducted with the key persons responsible for
implementing the DT initiative. From the
business part, this was the Technical man-
ager of surface mines (hereinafter Technical
Manager), and from the IT part of the enter-
prise, one of the authors, a former CIO
(hereinafter ex CIO).

KWIC (Key Word in Context), qualita-
tive analysis, and thematic analysis were
used for selection, extraction, coding, and
analysis of empirical data. Qualitative anal-
ysis is used to analyze data, because it sup-
ports a more detailed description of the ob-
served phenomenon, while qualitative data
allow for better insight into the complex
processes [32]. The obtained results were
discussed and compared with the existing
knowledge and results of similar research,
both in the mining and in other industries.

Bearing in mind that one of the authors
(ex CIO) was actively involved in the reali-
zation of the DT initiative, as a key IT
member, in order to reduce the risk of bias,
the research was carried out by two authors.

4 RESULTS AND DISCUSSION

In accordance with the described re-
search method, the results of the descrip-
tive case study are presented, which de-
scribe key aspects of the DT initiative for
the improvement of the operational model
in the mining enterprise by the develop-
ment and implementation of the Mining
Portal for OU Surface mines, as the most
important part of the Mining division in
the Company Boksit. In addition, the re-

sults of an explorative case study are pre-
sented, which identify and discuss the
challenges and success factors of the DT
initiative realization in a given context.

4.1 Key aspects of the DT initiative in
the mining enterprise

In this section, the results of a descrip-
tive case study are presented in order to
get an answer to the RQ1: How to initiate
and realize the DT initiative in the mining
enterprise?

The presented results of the descriptive
case study describe the context, motiva-
tion and initiators, the purpose and objec-
tives, the results of the DT initiative in the
form of the implemented functionalities of
the Mining Portal, and the advantages and
disadvantages. Finally, identified opportu-
nities for future DT initiatives are presen-
ted. The results obtained were discussed
on the basis of existing knowledge in the
relevant literature.

Context

The Company Boksit was founded in
1959 as an enterprise for bauxite ore ex-
ploitation. Other activities, such as traffic,
construction, mechanical and electrical en-
gineering, catering and tourism, commercial
activities, food production, furniture pro-
duction, health care, etc., have been suc-
cessfully developed by a continuous growth
and development from the bauxite ore in-
dustry. As a threefold winner of the most
successful enterprise in the Republic of
Srpska, it is one of the most important com-
panies in the Republic of Srpska and Boshia
& Herzegovina. In its 60-year long mining
tradition, over 31 million tons of bauxite ore
has been produced, more than 195 million
tons of waste material has been removed,
and more than 3 million tons of honmetallic
raw materials (limestone, quartz sand) have
been produced. Annual production of sur-
face mines is about 300,000 t of bauxite ore
and 1.350 million m3 of waste removed,
with the engagement of own and subcon-
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tractor’s equipment. In order to plan, organ-
ize, implement and control business pro-
cesses, ERP and QMS (Quality Manage-
ment System) are used, while all key loca-
tions are connected to the LAN/WAN net-
work [www.ad-boksit.com].

Motivation and initiator of
the DT initiative

Key motivation factors for initiating the
DT initiative were growing demands for
information and analyzes related to the im-
plementation of the operational process of
surface exploitation of bauxite ore, in all
key phases and activities, in order to im-
prove the operational model, to establish
better control, and to make faster, more
effective and efficient decisions at opera-
tional, tactical and strategic levels. The re-
quired information and analyzes mostly
relate to the indicators of the results and
activities of the surface exploitation process,
as well as the indicators of the associated
processes from value chain, such as the
stock of products, essential materials and
raw materials, the availability of equipment,
the status of the realization of current pur-
chases, etc.

The initiator of DT in the mining sector
was Technical Manager, for whom digitiza-
tion is a "data revival, which in digital form
can be used in a variety of ways, for various
purposes, in a much faster and simpler
way".

Problems of the previous situation were
caused by the fact that the records related to
the realization of the production and
maintenance process on the surface mines
were guided in paper form, because due to
the limitations of the existing ER system,
unlike other business processes (Purchase,
Inventory, Sales, HR, Financials...), it could
not be adequately parameterized and cus-
tomized to support the production of baux-
ite ore and the maintenance of mining ma-
chinery, due to the specific nature and com-
plexity of the process. For this reason, no
automated analytical processing of opera-
tional data from the ore production process

was possible, but everything was done
manually. It was time-consuming and error-
prone, and as a result "we needed at least 5
to 7 days to produce a monthly or annual
report... it was not possible to obtain timely,
accurate and reliable information" (Tech-
nical Manager).

Purpose and goals of the DT initiative

The focus of improvement was the op-
erational model, that is, the key processes of
realization in the value chain related to the
surface exploitation of the bauxite ore, but
indirectly in the focus was the customer,
having in mind that “if timely information
regarding the quality of individual deposits
is available, as well as information that
influence the timely taking of measures and
making decisions from which parts of the
deposit, when and in what quantities they
are to be exploited, all together influence
the dynamics of delivery, price and quality
of the goods delivered to the customer*
(Technical Manager).

The main purpose of the DT initiative
was to improve the existing operational
model enabling a faster access to infor-
mation and better information flow, faster
analysis and decision making, in order to
achieve the goals of increasing productivity,
reducing costs, better control and preventing
misuse. The realization of the stated goals
should have enabled the development and
implementation of business software for
“fast and reliable recording of data from
realized business activities, and quick re-
porting for different time periods and differ-
ent analytics” (Technical Manager).

Results of the DT initiative

Bearing in mind the shortcomings of the
existing ERP system, the focus has been on
the development of the Mining Portal - ana-
Iytical business software system "which will
work exactly as we need it and which will
serve its purpose” (Technical Manager).

A so-called lean approach is applied, the
essence of which is the focus on data and
information that has the highest value for
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the user in a given context. In this regard,
the aim was to offer the content for which
the user is authorized, which has significant
value for that user, which the user will find
and use quickly and with minimal effort and
which will be presented by clearly transmi-
tting messages or information in a given
context.

The Mining Portal is realized using the
iterative-incremental approach for different
segments of processes, phases, and activi-
ties, with a special focus on key activities of
the highest priority, because "e.g. the activi-
ties of loading and transport of ore and
waste have had greater relevance than
waste disposal” (Technical Manager).

Figure 1 Mining Portal

The Mining Portal automatically adjusts
the presentation depending on the user de-
vice (Figure 1) to each user, according to the
privileges, providing up-to-date, accurate
and clear key information on different levels
of detail, which are essential for effective
and efficient operational decision-making
and management.

Information and data are available and
accessible on the mobile phone anytime,
anywhere, supporting the continuous im-
provement of the operations model, so as to
"support better visibility of business pro-
cesses and promotes operational agility and
flexibility, resulting in increased productivity
and reduced costs" (ex CIO). In order to
enable all this, the following functionalities
are implemented:

e Dashboards - as a set of several in-
dependent, personalized segments
(web parts) that provide key infor-
mation from internal and external

sources, the purpose of which is to
present key information, goals, re-
sults, time series (trends) and status
at the highest level realization of de-
fined goals. Static segments provide
information in the form of a sum-
mary report, while analytical seg-
ments provide more detailed analyt-
ics and drill-down options to "com-
bine all-in-one, intuitive presenta-
tions (dashboard) with drill-down
options suitable for display on mo-
bile devices to increase the visibility
of process” (ex Cl1O).

Digitization of business data - ena-
bling effective CRUD (create, read,
update and delete) of data into the
database and/or existing ERP, be-
cause "efficient data digitization,
with applying the rules for automat-
ed data quality control, increase the
potential for their reuse" (ex CIO).
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e Performance management - various
views and analytical processing of
KPIs (Key Performance Indicator)
provide a detailed analytical insight
into the values or ratings of indica-
tors at different levels of aggrega-
tion, because "setting measurable
targets for KPIs, monitoring, repor-
ting and control contribute to the in-
crease in agility and sense of urgen-
cy" (ex CIO).

eOn - line analytical processing
(OLAP) - to quickly generate complex
reports (Web pivot tables), support
projection and restriction (slice &
dice), aggregation, sorting and analyz-
ing large amounts of data, inde-
pendently of their original layout by
simply dimensions and facts drag and-
drop to the appropriate positions in the
settings form. On-line pivot reporting,
multi-dimensional calculations, and
drill-down across different analytics
"increase efficiency and flexibility, in
the sense that the same data set can
easily display in many different ways"
(ex CIO).

e Automatization of scheduled repor-

ting - periodically generating and

sending pre-defined reports, alarms
and notifications by e-mail, because

"automation of reporting directly

contributes to increasing productivi-

ty and reducing costs" (ex CIO).

Integration with other systems — like

ERP and sources of meteorological

data, in order to "maximize the value

and usability of the data from legacy
systems™ (ex Cl0O).

Advantages and disadvantages of
the implemented DT initiative

The key advantage of the realized DT
initiative is the possibility of simple and
fast recording, control and integration of
data, and the provision of timely and accu-

rate information, which are at any time,
and almost everywhere, available through
the mobile phone, based on which deci-
sions and responses are made faster in
changing business conditions. High level
of automation of data control reduces the
probability of occurrence of errors and ena-
bles their easier detection and correction
during entering of data. The results of the
DT significantly influenced the improve-
ment of the operational model, i.e. the way
the business process was realized, for exam-
ple, "it was noticed that the drilling system
does not produce the expected results, which
were directly demonstrated by analyzes
based on data related to the effects, con-
sumption, and availability of machinery"”
(Technical Manager). Even if the software is
custom-made, due to delays in documenta-
tion delivery and recording them on a daily
basis, the effects are minimized to monitor
the performance and the indicators at the
daily level. Enabling the recording of data
closer to the source of origin would contri-
bute to solving this problem, "e.g. machine
operators can use a mobile phone to record
data" (Technical Manager, ex ClO). Alt-
hough from a technical point of view, such a
possibility already exists, legislation requires
compulsory filling of worksheets in writing.
This means that the work of the operators
would be doubled when it comes to recor-
ding data (paper and electronic forms).

Identified opportunities for the future
DT initiatives

Future DT initiatives could go towards
greater application of sensors, 10Ts and au-
tomated data readings from such devices in
real time, e.g. it would be a good thing to
detect and read sudden changes in ma-
chine’s fuel level in real time...or the use of
devices that measure idle work time to make
savings and prevent misuse of machines
whose effect is measured by motorcycle
hours, e.g. bulldozer" (Technical Manager).
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New machines have some of the above-
mentioned options, but the problem is the
high price and the restriction of user access
to the machine’s data and vendor lock-in.
There are also possibilities for the applica-
tion of artificial intelligence (Al) techni-
ques "in order to deepen the analysis or to
obtain new knowledge from a large amo-
unt of data” (Technical Manager, ex CI0O).

Discussion

The results of the research confirm the
thesis that in basic industries, such as min-
ing, DT starts focusing on the improvement
of the operational model [3,18]. The results
also indicate the need for a proactive ap-
proach, due to growing expectations for
increasing the efficiency of the process [21],
in order to reduce costs, increase productivi-
ty and employee safety [18,19].

Though encouraged by growing infor-
mation requests from top management, it
can be noticed that the DT initiative was
initiated and guided by a technical manager,
i.e. from middle management level, with the
emphasis on the equally important role of a
key IT member, what is a significantly dif-
ferent position relative to Westerman et al.
[11] that a successful DT initiative must be
guided by the top management. On the oth-
er hand, when it comes to the problems of
the existing operational model, there is a
noticeable need to eliminate waste, delays
and insufficient flexibility in the design,
structure, and implementation of operational
processes, which is in line with Deloitte's
standpoint [24].

Although, in general, there are different
expectations of DT at different levels of the
organization [21], the results point to the
need to improve the operational model in
order to achieve faster data access, ad-
vanced analytics, reporting and decision
making in order to increase productivity, as
a key operational risk in the industry mining
[25], which is in line with Deloitte's stand-
point [24]. In this way, the ability to re-

spond to the changes quickly increases, by
what Berghaus & Back calls “digital readi-
ness” [33].

The developed and implemented analy-
tical software system supports the realiza-
tion of the stated goals because 1) it is based
on cloud and mobile technologies [30, 13,
20, 18, 24], 2) enables automation of data
capture, data control and integration of data
from existing systems [8,9,20,24], and 3)
provides advanced analytical processing
and reporting [6, 8, 18, 20, 24] using per-
sonalized dashboards and OLAP tool.

Finally, although the realized DT initia-
tive allows timely and accurate information
to be obtained, it is not always possible to
achieve up-to-date day-to-day reports due to
various external constraints, such as the
obligation to keep paper records, the limita-
tion of access data to machine and vendor
lock-in, communication restrictions on re-
mote locations, etc. Regardless of all this, it
can be noticed that the realized DT initiative
creates a solid foundation and good precon-
ditions for the wider use of digital technolo-
gies, such as different measurement and
control sensors and/or loT [6,10,18,
19,21,24] for more automation of data cap-
ture and real-time reporting, as well as the
application of various methods and artificial
intelligence techniques [8,24,34], such as,
for example, machine learning. Overcoming
mentioned restrictions can significantly
accelerate this process.

4.2 The challenges of DT in
the mining enterprise

This section presents the results of
qualitative and thematic analysis to get the
answer to the RQ2: What are the challenges
of DT in the mining enterprise?

Identified challenges are grouped into
four categories: operationalization of
business strategy, change management,
effective application of technologies and
external constraints (Table 1).
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Discussion

Implementation of changes in such a
complex environment, such as mining, ca-
rries with it significant challenges. While
Nahrkhalaji et al. [14] identify challenges, in
terms of vision and strategy for the non-
profit sector, the results of the research indi-
cate that the most important challenges in
implementing the DT initiative in mining are
related to the effective operationalization of
the business strategy. In this regard, the key
challenges are not only related to ambiguous
goals, as Gao et al. [6] claim, because even
when there are clearly defined goals, a par-
ticular challenge is linking goals with essen-
tial information and data, their interdepend-
ence and prioritization, because "the greatest
challenge is to decide what data and infor-
mation are essential and important, and
what are not, and prioritize” (Technical
Manager). This challenge can be linked to
the challenge of defining business require-
ments for the improvement of operations,
identified by Berman [3].

Challenges related to change manage-
ment were identified, of which the most
important are employee participation and
the need to improve their competencies, as
well as good cooperation between different
organizational units. It is in line with the
results Gao et al. [6], who notice that even
where there is a clear will to launch DT,
organizations have a problem managing the
changes, or Deloitte [24], who notice the
lack of digital competence in the mining
industry. According to the general classifi-
cation given by Westerman et al. [11], these
challenges can be categorized into the cha-
llenges of execution and governance.

Although the technological challenges
are noticed and analyzed by several authors
[6,8,11,22], the results of the research in
particular point to the challenges related to
the effective application of technology in
the context of 1) increasing the demand for
automation in all phases of data gathering,
controlling, processing, reporting), 2) in-
creasing the complexity of the process and,
in particular, 3) preserving security through
increased availability and rising cyber-

threats. The importance of cyber threats in
mining is also highlighted by Ernst &
Young [25] and Gao et al. [6].

Finally, there are the challenges related
to external constraints. Gao et al. [6] also
saw the challenges caused by the complex
operating environment and legal regula-
tions. In addition, the un-covertness of all
micro-locations with the signal of mobile
telephony reduces the possibilities of net-
working and access to data in real time.
Significant challenges are the limitations of
business partners, especially considering the
limitation of access to data on machines and
vendor lock-in.

4.3 The success factors of DT in
the mining enterprise

This section presents the results of quali-
tative data analysis in order to get the answer
to the question of RQ3: What are the suc-
cess factors of the DT in the mining enter-
prise?

The identified success factors are
grouped into four categories: people, organi-
zational culture, technological framework
and institutional framework (Table 2).

Discussion

The results of the research indicate
several different factors that have a signi-
ficant impact on the success of the DT
initiative in mining. The human factor is
crucial, especially the key people from
business and IT part who, with know-
ledge, persistence and dedication, must
show agility, leadership and a clear vision,
because “there must be leadership from
both sides, someone from the business side
who knows what he wants to get, and
someone from the IT side who knows how
to achieve it” (Technical Manager).

Results further support the assertion of
many authors that, regardless of the type of
activity, leadership skills are a key factor in
the success of DT [17,22,26], and in that
sense, Ernst & Young [25] and Deloitte [24]
especially emphasize the importance of
leadership in the mining industry.
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Table 1 The challenges of digital transformation in the mining enterprise

Codes Themes Categories
- Increasing agility and flexibility at the Link business Operationalization of
operational level objectives with business strategy
- Increasing demands for information and information and data
analysis
- Identifying key information and data
- Interdependence of information and data Interdependence and
- Prioritizing information by relevance prioritization
- Difficulties in coordination between the Cooperation across Change management
various business OU because of various organizational units
objectives and priorities borders
- Elimination of inefficiency in the work of
other OU
- Increasing demands for quality and Participation,
timeliness of data from existing systems competencies and
- Up-to-date gathering and recording of experience of
data on a daily basis employees

- Accuracy and completeness of data
- Lack of employee competence
- Difficulties to find and hire good IT staff

- Efficient control of the validity and Effective automation Effective application of
quality of data technologies

- Integration of data from existing systems

- Collect data from operational activities,
including data from machines

- Effective and efficient data entry Complexity of the
- Effective reporting process
- Integration of existing and external data
sources
- Restrict access to data and information Security and
- Availability of information - anytime, availability
anywhere
- Duplication of data due to paper and Legal constraints External constraints

electronic records

- Restricted access to data on the machines ~ Business partners'
by the manufacturer constraints

- Vendor lock-in

- Influence of subcontractors' short-term
interests on the process

- Extreme working conditions Environmental
(temperature, humidity, dust, mud) constraints

- Inaccessibility of the terrain

- Non-coverage of all micro-locations by Communication
the signal of mobile telephony constraints
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Table 2 The success factors of digital transformation in the mining enterprise

Codes Themes Categories
- Engagement of key people from business and IT Leadership and a People
- Leadership from the business and IT side clear vision

- Setting clear and achievable goals aligned with the

business strategy

- Knowledge, persistence and commitment of key
people from business and IT

- Fast delivery of functionality by IT and quick
feedback from business users

Competence, com-
mitment and agility

- Timeliness in the recording of data on a daily basis
- Intensive, direct communication and quick resolu-

tion of data discrepancies

Discipline and
professionalism

Organizational
culture

- Excellent communication between business and IT

- Excellent coordination between business units

Communication and
coordination

- Good network infrastructure (LAN, WAN)

IT infrastructure Technological

- Private cloud framework
- Simplicity and speed of software usage User-tailored
- High degree of personalization and parameteriza- software solution
tion
- Availability and accessibility Mobile-first,
- Possibility of using mobile devices cloud-first approach
- Gathering data as close to the source as possible Speed and quality of
- The early detection and elimination of data errors data coverage
- Increasing the level of automation in the collection,
recording and control of data
- Eliminate the need for duplication of records Legislation Institutional
- Application of digital technologies in order to in- framework

crease safety and security

In direct relation with leadership is the
organizational culture, which must support
discipline and professionalism when it
comes to tasks, with better communication
and cooperation in all parts of the organiza-
tion, especially between business and IT.
These results are consistent with the prevail-
ing attitudes, because Erjavec et al. [8],
Pflaum & Golzer [10] and Osmundsen et al.
[15] emphasize the importance of organiza-
tional culture for success DT, while Ernst &
Young [24] emphasize its importance in the
mining companies. Thereby, it is necessary
to have in mind complex inter-relationship
between the organizational structure and
culture in mining enterprises [35].

Although Raab [7] in the DT process
gives primacy to business transformation in
relation to technology, bearing in mind the
increasing importance of data as a strategic

resource [23], the adoption of new, innova-
tive technologies and their adequate appli-
cation is one of the key success factors of
the DT initiative. Research results point to
the growing importance of IT infrastructure
and technology that from the beginning
supports the development and implementa-
tion of user-tailor-made software systems
designed to work in cloud-based production
environments and the use of mobile devic-
es, supporting the so-called mobile-first,
cloud-first approach [36].

In this regard, the role of technology for
effective, automated data capture, quality
control, storage and data processing is very
important in order to receive important,
useful information in a timely manner. Ac-
cordingly, the obtained results are some-
what in contradiction with Deloitte's posi-
tion, because the success of DT in the mi-
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ning industry may not depend on the adop-
tion of the latest applications and technolo-
gies [24], but largely depends on the ade-
quate application of technologies that have
reached a sufficient maturity level.

Finally, in order to exploit the full po-
tential of digital technology in the mining
industry, it is necessary for the competent
institutions to support the process of digital-
ization in mining in order to identify the
possibilities for increasing the safety of em-
ployees, more efficient collection and stor-
age of data related to the realization of the
operational activities of mining companies.

5 RESEARCH LIMITATIONS

Three limitations of the research
should be taken into account. First, the
research is based on the case of the reali-
zation of the DT initiative in the context
of the development of business software
in one mining enterprise. For this reason, a
descriptive case study was first realized,
with the aim of better understanding the
observed phenomenon in its natural envi-
ronment by examining the context, moti-
vation, initiators, purpose, goals, results,
advantages and disadvantages of the DT
initiative, followed by an explorative case
study, in order to identify the challenges
and success factors of the DT initiative in
a given context and identify the possibili-
ties for further research. Secondly, one of
the authors has played a significant role in
the implementation of the DT initiative at
various positions in the Company Boksit.
For this reason, more researchers are in-
volved in planning and implementing re-
search to reduce the risk of bias. Third, the
research is based on qualitative data, so
different qualitative data sources, includ-
ing documents, realized analytical busi-
ness software system, instructions, and
semi-structured interviews were used for
qualitative analysis.

CONCLUSIONS AND FUTURE WORK

Digital transformation in the mining
industry is an irreversible process due to
great opportunities, from increasing
productivity to cost reduction [19]. How-
ever, regardless of the great potential for
growth in the future [24], the current state
of digital transformation in mining is at a
rather low level [37].

This paper presents the results of an
empirical research that describe and dis-
cuss key aspects related to the initiation
and effective realization of the DT initia-
tive in the mining enterprise, in the con-
text of the development and implementa-
tion of the analytical business software
system for the improvement of operations,
as well as the identified challenges and
success factors in a given context. The
results of the conducted empirical research
point to the inevitability of digitization
and the significance of the DT initiative in
the mining industry, whereby the effective
realization of the DT initiative, such as the
development and implementation of an
analytical software system based on cloud
and mobile technologies, can significantly
contribute to the improvement of the op-
erational model in the mining enterprise.

The results confirm that in the realiza-
tion of the DT initiative mining enterprise
faces significant challenges, which are
clearly defined and classified. These chal-
lenges are not only technology related,
given the complexity of processes, auto-
mation, and security, but also for the ope-
rationalization of a business strategy, in
particular in linking goals with interde-
pendent information and data. In addition,
significant challenges are related with
change management, especially when it
comes to competencies and employee co-
operation across organizational bounda-
ries, and external constraints regarding
relationships with business partners, ex-
treme working environment, legal regula-
tions, and communication issues.
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In order to meet the challenges, suc-
cess factors of the DT initiative in the
mining enterprise have been identified.
The identified success factors, above all,
include leadership capabilities and vision
of key people from business and IT, as a
prerequisite for initiating and implement-
ing the DT initiative, as well as participa-
tion, competence, commitment and agility
of employees. However, success factors
are not only related to people, but also to
an organizational culture that, on the one
hand, should promote professionalism and
discipline, and on the other, good commu-
nication, cooperation and solidarity. In
addition, an adequate technology frame-
work based on the high-quality IT infra-
structure, user-defined software solutions
that are intrinsically linked to mobile and
cloud technologies must be built to sup-
port fast and high-quality data coverage,
processing and reporting. On the other
hand, in order to exploit the full potential
of digital technologies in the mining com-
panies, an appropriate institutional frame-
work is needed, which, with amendments
to the legislation in the direction of greater
support for the digitization process in min-
ing, could become a catalyst for the digiti-
zation process in the mining industry.

Research contributions are a better un-
derstanding of the DT phenomenon, in
general, and in particular in the context of
the possibility of initiating and implement-
ing the DT initiative in the mining indus-
try, as well as identifying significant chal-
lenges and success factors of the DT initi-
ative in mining companies. The results of
the research will contribute to the discus-
sion about the importance and necessity of
DT, especially in the mining industry, in
order to increase the efficiency of the pro-
cess, reduce costs, and increase productiv-
ity and employees safety. Also, research
results can help management and IT per-
sonnel in mining companies to more easi-
ly initiate and more effectively implement
DT initiatives, specifically related to the
improvement of the operational model.

Bearing in mind the small number of
research on the subject of DT in mining,
in order to overcome the gap of digital
disconnection [25], additional empirical
research is needed on examples of suc-
cessful and unsuccessful implementations
of the DT initiatives in the mining indus-
try under conditions of surface and/or un-
derground exploitation. Starting from the
identified challenges and success factors,
the possibilities of using digital technolo-
gies should be further explored in order to
increase the level of automation in the
coverage, control and archiving of data, as
well as the possibilities for acquiring new
knowledge by applying methods and tech-
niques of Al for processing large amounts
of data collected from operations.
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Abstract

The main goal of this work is to identify and analyze the impact of the Chinese economy key determinants
on the global market copper price movements. Our research is based on a multilinear regression analysis of
the historical data of the time period from 2003 until 2017. The presented multilinear regression model
constitutes the 4 (four) statistically most significant macroeconomic variables, that is, determinants of the
Chinese economy, which are used for clarifying current trends and can predict the future movements of
prices on the global copper market. Statistically significant determinants are the inflation in China, the Chi-
nese export of goods and services, Chinese import of copper, and consumption of refined copper in China.
Obtained results of the research show a dominant role of the demand factor and significant influence of the
Chinese economy on the movements of the global copper price. At the same time, the results imply that
movements of the copper price on the global market can be an indicator of the economic activities slowing
down or speeding up, in the countries which are the major traders of this metal.

Keywords: copper spot price, Chinese economy, macroeconomic factors, multiple linear regression

INTRODUCTION

Copper, one of the most important in-
dustrial metals, is the third in use (after iron
and aluminum) in many industrial sectors.
Its use is mostly found in the electrical and
electronics industry, construction, energy,
machinery and transport industry. It is una-
voidable in the production of components
for transmission systems of electrical ener-
gy and telecommunications, heating and
cooling systems, automobile and truck sys-
tems. For example, the average car contains
1.5 km of copper wires, or 20-45 kg of co-
pper in hybrid and electric vehicles (EV)
vehicles [4]. Although copper has been ex-
ploited and used for more than 10,000

years, the new uses are being discovered
every day due to increasing urbanization
and demands of the global community for
the use of renewable resources and envi-
ronmental protection (reduction of the GHG
emissions) [5,6].

Copper is now found in every built ob-
ject, primarily because of its use in the elec-
tro and hydro-installations. The demand for
this metal is increasingly dependent on the
stability of the construction industry, the
realization of infrastructure projects and the
state of the real estate market. According to
the latest data, the construction industry
accounts for more than 35% of the total
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copper consumption world wide. Namely,
the copper prices dropped drastically at the
end of 2008, at the height of the financial cri-
sis and collapse of the real estate market (at
least US $ 1.26/Ib on the Chicago Mercantile
Exchange - CME and $ 2.777/t on the London
Stock Exchange - LME). This connection
with construction and real estate sales showed

that the price of copper during the recession
during the period 2008-2009 had a high level
of volatility, unlike the prices of other metals,
gold and silver. Copper prices at the end of
2010 and at the beginning of 2011 were gro-
wing significantly, where in 2011 they
reached their historical maximum of US $
4.62/b and US $ 10,182/t (see Figure 1).

HGSpot

10000

8000

6000

USS/t

4000

2000

20032004 200520062007 2008 200920102011201220132014201520162017

Year

Source: Calculation of the authors on the basis of data from LME

Figure 1 Movement of the average annual spot price of copper on
LME in the period 2003-2017 (US $/t)

The issue that for decades has attracted
the attention of all participants in the stock
markets is how and in what way to predict the
movement of prices of stock exchange goods.
In theory and practice, there are different ap-
proaches for analyzing the market factors and
predicting the prices of marketable materials
and stock exchanges. The most common are
the two approaches - fundamental and tech-
nical analysis, which today are the basic
methods of many analysts and investors.
Fundamental analysts (the so-called funda-
mentalists) try to explain and predict the
movement of prices analyzing the economic,
political and social factors of the environment
and their impact on supply and demand
[4,5,6,7].

The basic principle of the fundamentalist
is that any fundamental factor that leads to a
reduction in supply, or increase in demand for
a certain product, contributes to the rise in
prices, and contrary [8,9]. According to
Milenko Dzeletovi¢ and Marko MiloSevic,
the fundamental analysis starts from the mac-
roeconomic factors, followed by the analysis
of the economic environment, competitive
groups and ultimately the company's perfor-
mance analysis ("top to bottom" approach)
[10]. As the forward prices (forwards, fu-
tures) are the future spot or prompt price,
there is an increasing number of analyzes and
models based on the movement of futures
prices of stock markets [11,12,13].
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The basic macrofundamental factors of
the copper market can be divided into two
basic groups: the factors on a demand side
and factors on a supply side. On a demand
side, it would be necessary to analyze the
macroeconomic and financial performance
of the economies of the largest copper con-
sumers, as well as the consumption of cop-
per (eg. in the US, China, India). On a sup-
ply side, the significant determinants should
be sought in the economies of the largest
producers and manufacturers of metal and
copper ore (Chile, Peru, Australia, China),
world copper reserves, metal stock ex-
changes, import and export of metal ore,
production, trade and prices of substitute
metal (such as aluminum),

Our commitment in this paper is to in-
vestigate the effect of the Chinese econo-
my on the movement of copper prices.
China today takes a significant part in the
supply side, i.e. production and export of
concentrates, as well as on the side of con-
sumption and imports of refined copper in
the world. The aim of this paper is to em-
pirically identify and evaluate the key Chi-
nese macroeconomic determinants of cop-
per prices, and thus to provide a scientific
contribution to the analysis of movement
the copper prices on the world market. The
subject of research is the connection be-
tween the global copper market and mac-
roeconomic performance of the Chinese
economy, the largest copper consumer in
the world, in the period from 2003 to 2017.
The research hypothesis, which we will try
to prove, is: There is a significant statisti-
cal link and effect of the Chinese econo-
my's determinants on movement the cop-
per prices in the global market.

According to the above given, the work
is structured in the following way: Section 2
presents the basic characteristics of the Chi-
nese economy in the context of supply and
consumption of copper; Section 3 presents
the most significant results of the study on
effect the macroeconomic factors on com

modity prices, with a focus on metal prices
(copper) and vice versa; Section 4 presents
the methodology and design of our re-
search; Section 5 presents the obtained re-
sults of a regression model with an estimate
of the reliability and impartiality test of the
obtained model; Section 6 gives a discu-
ssion of the research results, and Section 7
presents the conclusions.

CHINESE ECONOMY AND THE
WORLD MARKET OF COPPER

Most of the world's copper supplies
come from South America, especially from
Peru and Chile (38.18% of the world's total
production and 31.7% of world copper re-
serves in 2017). On the other hand, we have
the US and China, two countries that are
very large copper consumers. The stability
of these two largest economies has a strong
impact on supply and demand for almost all
goods/products. Table 1 shows the countries
of the largest copper producers in 2017.

The growth of global demand for cop-
per, as one of the main factors (in addition
to the production volume and reserves) con-
tinues to play a significant role in the for-
mation of copper prices. Based on trends in
copper demand, it is assumed that it is pos-
sible to draw the conclusions about the situ-
ation in the world economy, where the re-
duction in demand for copper indicates a
decline in the industrial activity, and there-
fore a weakening of the global economy,
which is currently taking place with the
economy of China that has been recorded in
recent years stagnation of economic growth
and industrial production. Namely, in this
context, the movement of the gross domes-
tic product (GDP) of the countries of the
largest producers and consumers of copper
in the world - China, USA, Chile, India and
Australia - which in the period of 2003-
2015 recorded a significant growth in its
GDP, industrial production, but also con-
sumption. The United States and China, the
world's largest copper consumers, each year
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have a combined US $ 32 trillion total of $
32 trillion, accounting for 39.66% of the
total global GDP. It should also be noted
that the industrial sectors that use copper

most are growing within their national and
within global GDP (construction, electrical
and electronic industries, telecommunica-
tions and transport).

Table 1 World copper production and reserves in 2017 [4]*

Country Production (Metric Tons) Rank Reserves Rank
Australia 920,000 5 88,000 2
Canada 620,000 10 11,000 10
Chile 5,330,000 1 170,000 1
China 1,860,000 3 27,000 6
Congo 850,000 6 20,000 8
Indonesia 650,000 9 26,000 7
Mexico 750,000 8 46,000 4
Peru 2,390,000 2 81,000 3
USA 1,270,000 4 45,000 5
Zambia 755,000 7 20,000 9
Other countries 4,300,000 260,000
Total 19,700,000 790,000

Significant growth in China is seenas an
importer of copper concentrates, where the
refined copper dominates on the import and
consumption side with over 35% of the
world's total imports, with a consumption of
3.2 million tons in 2003 to 11 million tons
in 2017. Lately, due to the need for sustain-
able business and development, as well as
growing demands for decarbonisation, Chi-
na appears as a significant consumer and
importer of waste copper [5]. The basic
Chinese sources of waste copper imports
are concentrated in highly industrialized
countries and regions that include the Unit-
ed States, Australia, Japan and the Nether-
lands. Total exports from these countries
exceed 2 million tons of copper. The growth
of import of waste copper is shown in Fig-
ure 2. The Chinese import areas for the
treatment of waste copper are located in the
megalithic region of Pearl River Delta in the
Guangdong district, the Yangtze River delta

and Tianjin, where over 88% of copper is
processed in China.

The Chinese economy should be per-
ceived as one of the three economic powers
today, affecting not only the global econo-
mic trends with its policies (eg Eurasian
Economic Union with Russia and the New
Road of Silk), but also daily movements in
prices of commodities, interest rates, cur-
rencies. In recent years, after remarkable
growth, there has been a noticeable decline
in Chinese investments in regions rich in
energy products and ore. First of all, this
refers to the investments in the countries of
Africa (Libya, Nigeria, Angola, Zambia,
Congo, Ethiopia, Kenya, Cameroon, etc.),
which amount to about 60 billion US$. In
African countries, the share of Chinese in-
vestment in energy products is 33% and in
metals 11% of the total amount of invest-
ments. The largest volume of Chinese in-
vestments in Africa relates to the transport

* Data from USGS Mineral Commodity Summaries (2018) Data from USGS Mineral Commodity

Summaries (2018), USGS, USA
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sectors (33%) and energy (33%) [7]. On the
other hand, China's policy limits the foreign
investment in its country, especially when it

comes to energy and mining enacting the
legal acts (eg. Mineral Resources Policy,
Foreign Investments Guidance Catalog) [8].

Annual growth of waste copper imports into China (%)
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Figure 2 Chinese import of waste copper in the period from 2003 to 2017 [5]

In addition to the significant growth of
traditional copper-based industries in China
(construction, energy, telecommunications,
electrical and electronics), an accelerated
growth of the industry of transport vehicles,
primarily electric vehicles (EV), has been
evident in recent years. Namely, the vehicle
industry (commercial and transport) in Chi-
na is registering steady growth, where since
2003, when 4.5 million units of vehicles
were produced, reached 29 million units in
2017, which makes up over 43% of the
world's EV production [5]. In 2011, when
the rapid evolution of the EV market in
China began, vehicle sales rose from 8,159
units to 798,000 in 2017 [6]. According to
many forecasts, the accelerated growth of
the EV market is yet to come, with projected
growth above 4% per year due to acelerated
urbanization and requires decarbonisation,
which in many cases can be a signal of rise in
the price of copper and other metals in the
global market, given limited resources.

REVIEW OF LITERATURE

There is a large number of research pa-
pers dealing with analyzes of the prices of
copper prices, as well as long-term forecasts
of future trends in the global market. We
have highlighted the most important for us
in the context of our research.

Franklin Fisher, Paul Kutner, and Martin
Bailey represent the econometric model of
the world copper market taking the period
of research 1949-1966. The basic variables
of their research are grouped on the supply
side of primary and secondary copper (cop-
per production in the US and Chile, world
reserves) and on the demand side for copper
(world consumption, consumption in the
US) [5]. Jeffrey Hill and Michael Barrou
examine the linkages and the impact of in-
terest rates on the movement of 3M forward
prices of non-ferrous metals at LME in the
period 1965-1977, where interest rates were
taken from 91 UK Treasury Bill and growth
rate based on the OECD Index of Industrial
Production [6]. Chu Suan Tan represents the
supply and demand structure and forms the
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econometric model of the copper market of
Western countries, taking into account macro
and microeconomic factors analysis. The
most important macroeconomic determinants
are related to the countries of the largest pro-
ducers and consumers of copper: GDP, indus-
trial production, primary and secondary cop-
per production, exports and imports of metal
ore and refined copper, copper and stocks [7].
Volter Labis and Alfred Mezels examine the
impact of changes in prices of the agricultural
products, mineral resources and energy prod-
ucts on the basic macroeconomic indicators
of selected developed countries (GDP, indus-
trial product, exchange rate, employment, and
balance of payments) for the period 1957-
1986. They conclude that the price fluctua-
tions have more than expected impact on
economic stability and the performance of
developed economies [8]. Xun Luo, using a
fundamental analysis, is a model of the fu-
tures of the crude oil market. Analyzing spot
and futures prices, balance of supply and de-
mand, interest rates, geopolitical conditions
and market expectations in the period 2003-
20086, it can be concluded that on the basis of
the application of the fundamental analysis, a
model of forecasting the future prices on the
energy market can be formed [9].

Antonio Gargano and Alan Timerman
analyze the movement of the spot price in-
dex and the impact of macroeconomic and
financial factors as a predictor. They con-
clude that in a long run, the industrial pro-
duction and investment ratios considerably
determine the price of commaodity prices.
Joe Victor Isler, Klaudia Rodriguez and
Rafael Burdzak give understanding the fu-

ture movements in metal prices, highligh-
ting the synchronization of metal price
movements with industrial cycles and in-
dustrial production [6]. Algita Mie¢inskiene
and Indre Lapinskaite, using the multi-line
regression model, represent a significant
influence on the price of commodity prices
on inflation (CPI) in Lithuania. Statistically
significant determinants of inflation are the
prices of cocoa, aluminum, copper, natural
gas, coal and oil [7]. Ronald Rati and Hoak-
in Vespinians represent the interdependence
of the M2 liquidity of the G3 and BRIC
countries with the liquidity of commodity
prices [8]. Eugi Kabwe and Wang Jiming
analyze the world copper markets and point
out the significant contribution to develop-
ment the economies of China and India,
increasing the world copper consumption,
and thus increasing the price of this metal
[9]. Tom van Gerve in his research identi-
fies the six key fundamental indicators that
determine the global copper market: war-
fare, technological development, economic
boom, supply and demand, financial market
and investment environment [10]. Jainbo
Yang, Xin Li, and Kuini Liu use the ARI-
MA method to develop a dynamic model of
predicting the copper consumption in Chi-
na. Key determinants are the economic
growth, consumption, urbanization, con-
struction and transport [11].

METHODOLOGY OF RESEARCH

Our task is to form a multi-line regres-
sion model of effect the determinants of the
Chinese economy on the movement of cop-
per price, which can be represented by the
following expression:

Y(HGSpot) = a + Bix+L2x, + B3xz + .+ Bux, + € (8]

where:
- Y - market copper price (annual increase
of copper spot prices) (HGSpot)
- a — model constant
- By ... Bn — regression coefficient with
independent model variables

(1 %)

- Xy ... X, — regressors, independent va-
riables (annual rate of in-
crease the Chinese economy
determinants)

- & —residuals of model

10 independent variables (macroeco-
nomic determinants of the Chinese econo-
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my) were selected in a time series of 20
years (observation), for which it is first ne-
cessary to assess the condition of a normal
distribution of residuals. In the absence of a
normal distribution of residuals, for all vari-
ables the logarithmic transformation will be
applied. The next step is the formation of a
multi-line regression model using the step-
wise method, and then evaluation the stand-
ard model assumptions, i.e. reliability and
impartiality of the model. The assessment of
the reliability and impartiality of the model
involves checking the model's standard
assumptions using the following tests: mul-
ticolonarities (VIF, TOL), normal distribu-
tion of residuals (Shapiro-Wilk and Jarque-
Bera test), homoskedasticity (Breusch-
Pagan and White test) and autocorrelation
(Durbin-Watson test). If it is determined
that there is a pronounced autocorrelation of
residuals, a Cohraine-Orcutt model for au-
tocorrelation will be applied [5]. The statis-

100

50

-50

Annual growth rate

tical software SPSS 20 and XLStata Pre-
mium will be used for the analysis.

The research is based on an analysis of
the annual increase in spot copper price
(HGSpot) as the dependent variable Y, and
the selected annual growth values of the
determinant of the Chinese economy as
independent variables x. The period taken
for research is a time series of 20 years, i.e.
from 1998 to 2017. Historical data are of
the secondary character and are obtained
from the official stock exchanges, global
institutions and associations of producers
and traders of metals (LME, CME -
COMEX, WTO, US Geological Survey,
World Bank ...), as well as from the specia-
lized economics portals (Trading Econo-
mics, Macrotrends etc). The annual rates of
growth the spot copper prices as dependent
variables are shown in Figure 3, while a
description of the independent variables of
the Chinese economy is given in Table 2.

Annual growth rates of spot copper prices HGspot

Source: Calculation of the authors on the basis of data from LME

Figure 3 Movement of the annual growth rates (%) HGSpot (1998-2017)

Table 2 Variables of Chinese economy (X1 -Xy)

Unit

Variable
X1 CHNGDP BDP of China
X2 INFCHN Inflation rate in China (measured CPI)
X3 INDCHN Industrial production of China
X4 EXGSCHN Chinese exports of goods and services
X5 IMGSCHN Chinese imports of goods and services
X6 URBCHN Urbanization rate of China
X7 IMCOCHN Chinese copper imports *
X8 EXCOCHN Chinese copper exports *
X9 CRafCOCHN Consumption of refined copper in China
X10 CNY/USD Exchange rate Juan / US dollar

*Include concentrate, refined and waste copper

Annual growth%
Annual growth%
Annual growth%
Annual growth%
Annual growth%
Annual growth%
Annual growth%
Annual growth%
Annual growth%
Annual growth%

No. 1-2, 2019

97

Mining & Metallurgy Engineering Bor



CHECKING THE STANDARD
MODELS AND RESULTS

There are two important empirical issues
that need to be considered before we begin to
build models, which are the issues of struc-
tural interruptions and exogenous shocks in
the observed period, i.e. time series. First, as
shown in Figure 3, there is a clear structural
breakdown in the price range of copper in
2003/2004, when China became the largest
net importer of copper. The basic dynamics in
the copper market has changed at that point,
the spot price increases dramatically and be-
comes much more unstable. Therefore, it may
be necessary to focus on the next period for
model design, as in order to generate reliable
properties, it is necessary that models are
based on the prevailing dynamics of the struc-
tural market. Secondly, there were major
changes in the spot price of copper from mid-
2008 to mid-2009, when the price fell sharply
and then recovered rapidly. The collapse was
caused by the global financial crisis, which
resulted in a massive distribution of funds, as
well as a decline in global trade. Then the
demand for copper recovered after the stimu-
lus package of the Chinese government,
which significantly increased spending by
investment in the infrastructure development
and construction. Thus, we come up with
three approaches to integrating variables and
stationary testing. First, to include variables
for the entire period 2003-2017; second, to
exclude the period 2003-2004 with the in-
cluded period from 2008 to 2009, in order to
take into account the extraordinary event of
the financial crisis, and the third, the period of
the sample could be reduced to begin only in
2010. We have opted for another approach,
i.e. time series for the period 2005-2017 (13
annual observations).

First, it is necessary to evaluate the nor-
mal distribution of dependent and explanatory
variables, as a precondition for applying the
least squares method and fitting the initial

model using the Jarque-Bera test. In the ab-
sence of a normal distribution, a logarithmic
transformation will be applied in order to
stabilize the variance. The next step isto form
a multi-line regression model using the step-
wise method of multilinear regression, and
then assess the reliability and impartiality of
the model parameter estimates that involve
checking standard assumptions by the follo-
wing tests: multicolonarities (VIF, TOL),
normal distribution of residuals (Shapiro-
Wilk and Jarque-Bera test), homoskedasticity
(Breusch-Pagan and White test) and autocor-
relation (Durbin-Watson test). If it is deter-
mined that there is a pronounced autocorrela-
tion of the residual, a Cohraine-Orcutt model
for the removal of autocorrelation will be
applied. For statistical analysis and final
model formation, the statistical software
SPSS 20 and XLStata Premium will be used.

Since the initial model variables did not
satisfy the condition of the normal distribu-
tion of residuals, the logarithmic transfor-
mation was applied. After that, the distribu-
tion normalization was again performed
where the results obtained are shown in
Table 3.

After testing the normal values of the in-
put variables, the stepwise method of multi-
linear regression was applied. The statistical
parameters shown in Table 4 are obtained.
We note that out of 10 input independent
variables of the method, only 4 variables with
a statistical significance of 0.05 (95%) were
singled out. Parameters of the determination
coefficient indicate that the model explains
86% (adj. R2 = 71.6%) of variation the spot
copper price, which is extremely high. The
information criteria of AIC and SBC, as well
as the F statistics, tell us that the chosen mo-
del has the good prognostic properties, i.e.
that it is good for predicting (F (9.8) =5.754,
p<0.05).
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Table 3 Results of normal distribution using the Jarque-Bera test

Test of normal distribution (Jarque-Bera)

JB (Critical value - ¥2) | 5.991465 HO- Residuals have normal distribution
DF 2 Ha — Residuals have not normal distribution
p-value(a) > 0.05
Variable DF JB p -value
logHGSPOT 2 1.885582 | 0.389539 | a>0.05 | JB<y2 HO
logCHNGDP 2 2.226438 | 0.328501 | a>0.05 | JB<y2 HO
logINFCHN 2 1.057531 | 0.589332 | o>0.05 | JB<y2 HO
logINDCHN 2 1.978232 | 0.371905 | o>0.05 | JB<y2 HO
logEXGSCHN 2 2.133446 | 0.344134 | a>0.05 | IB<y2 HO
logIMGSCHN 2 2.037289 | 0.361084 | a>0.05 | JB<y2 HO
logURBCHN 2 2.399320 | 0.301297 | a>0.05 | IB<y2 HO
logIMCOCHN 2 1.480275 | 0.477048 | o>0.05 | IB<y2 HO
logEXCOCHN 2 2.605396 | 0.271798 | o>0.05 | JB<y2 HO
logCRafCOCHN 2 2.569074 | 0.134278 | a>0.05 | IJB<y2 HO
logCNY/USD 2 1.123698 | 0.354802 | o>0.05 | JB<y2 HO
ALL RESIDUALS HAVE NORMAL DISTRIBUTION
Table 4 The obtained parameters of a multilinear regression model
Fit model results
Statistic Training set | Validation set
DF 8.000 -9.000
R2 0.862 65535.000
Adjusted R 0.716
MSE 0.115
RMSE 0.351
MAPE 361.460 0.000
DW 2.112
Cp 10.000
AlIC -31.960
SBC -23.045
PC 0.461
ANOVA
Source DF | Sum of squares | Mean squares F Pr>F
Model 9 6.496 0.722 5.754 0,011
Error 8 1.004 0.125
Corrected Total | 17 7.500 F(9.8)=5.754. p<0.05

Parameters of model (0=0,05)

Source Value Standard error t Pr > |t|
Intercept -0.129 0.136 -0.954 0.368
logINFCHN -0.798 0.321 -2.485 0.038
logEXGSCHN 1.165 0.420 -2.776 0.024
logIMCOCHN -0.906 0.215 -4.414 0.003
logCRafCOCHN 0.887 0.280 -3.173 0.013
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The assessment of the reliability and
impartiality of the obtained model depends
on the fulfillment the model's standard
assumptions [5]. The first standard assump-
tion is to examine the absence of multico-
lorarity. In this test, we use two indicators:
Variance Inflation Factor (VIF) and Tole-
rance Factor (TOL). The VIF indicator
gives us an estimate of how much the varia-
nce of regression coefficient will increase
due to a linear dependence with the other
independent variables.

Table 5 Test results of multicolinearity

There are divided opinions which are the
limits for VIF, or TOL, when testing the
model. As a rule, the problem of multico-
lorarity does not exist when the values of
VIF are < 5 and 10 (R2 < 0.8 (0.9)), while
the values of the indicator TOL < 0.2 (0.1).
The variables whose VIF values exceed 10
should not be in the model, although it is
emphasized that the values of VIF 2.5 and
TOL 0.5 indicate the problem of multicoli-
nearity [6]. The values of VIF and TOL are
given in Table 5 below.

logINFCHN) | logEXGSCHN) | logIMCOCHN) | logCRafCOCHN)
TOL 0.690 0.194 0.334 0,599
VIF 1.450 5.153 2.998 1,669
TOL average 0.8975
VIF average 2.817

The other standard model assumption is
the normal residue distribution, which was
tested by Shapiro Wilk and Jarque-Bera test
(HO = residuals have a normal distribution).
The third standard assumption of the model
relates to checking the homoscedastici-
ty/heteroscedasticity of random errors. It is
necessary that the random errors show the
same degree of scattering around their mean
value. In case the variances of random er-
rors differ significantly from one another,
this is heteroskedasticity. Residual testing
was checked using the Breusch-Pagan and
White test. In the case of time series, auto-
correlation of the residual is a common oc-
currence, which is the fourth standard as-
sumption. Durbin-Watson test (DW) was
used to detect autocorrelation. The values of
DW < 2 and DW 2, in consultation with
tables d, and d,, may indicate the presence

of a pronounced autocorrelation of residu-
als. In this case, the Cohraine-Orcutt model
for autocorrelation (DW transformed) is
necessary. The results of all model tests are
shown in Table 6.

Finally, a model of the effect of deter-
minants of the Chinese economy on the
movement of copper prices has been ob-
tained, which has the following form:

Y(HGSpot) = —0,798(INFCHN)
+1,165(EXGSCHN)
—0,906(IMCOCHN)
+0,887(CRafCOCHN)

On the basis of the obtained estimates of
the regression coefficients, a detailed analy-
sis the effect of the observed determinants
of movement the copper prices on the glo-
bal market was carried out.
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Table 6 Results of tests of normality, homoscedasticity and autocorrelation

Test of normality

Shapiro-Wilk test

Jarque-Bera test

W 0.925 JB (Observed value) 1.396

P-value (2-tailed) 0.231 JB (Critical value) 5.991
Alpha 0.05 DF 2

P-value (2-tailed) 0.498

W= 0.925; Sig. = 0.231>0.05 = H, Alpha 0.05

Residuals have normal distribution

JB=1.396; Sig.= 0.498 >0.05 = H,
Residuals have normal distribution

Test of homoscedasticity

Breusch-Pagan test White test
LM (Observed value) 0.085 LM (Observed value) 2.436
LM (Critical value) 3.841 LM (Critical value) 5.991
DF 1 DF 2
P-value (2-tailed) 0.771 P-value (2-tailed) 0.296
Alpha 0.05 Alpha 0.05

LM=0.085; Sig. =0.771>0.05 = H,
There is no pronounced heteroscedasticity

LM=2.436; Sig.= 0.296>0.05 = H,
There is no pronounced heteroscedasticity

Test of autocorrelation

Durbin-Watson test

Cohraine-Orcutt model

DW(Original) = 2.112

Autocorrelation is within tolerance limits on
the basis of the table values du and dl

DISCUSSION

Based on the obtained F test results
(F (9.8) = 5.754, p<0.05), we estimate that
the model is adequate for analyzing the rela-
tionship between the observed variables
(see Table 4). The value of the custom de-
termination coefficient leads us to conclude
that 71.6% of the variation in the spot co-
pper price is explained by the variations of
observed independent variables, the regres-
sors (Adjusted R Square = 0.716). The qual-
ity of the proposed model obtained by the
stepwise regression is confirmed by the
lowest values of information criteria (AIC =
- 31.960; SBC = - 23.045). Regressors of
the model that at a statistically significant
level (p = 0.05 (95%) determine the move-

ment of copper prices are: inflation in China
(INFCHN), Chinese exports of goods and
services (EXGSCHN), Chinese imports of
copper (IMCOCHN) and consumption of
refined copper in China (CRafCOCHN). It
should be noted that at the statistical level
of significance p = 0.1 (90%) there were
several significant variables (GDP in China,
imports of goods and services and Chinese
copper exports), but they will not be taken
into discussion.

Based on theoretical grounding and our
expectations, the model has shown very
interesting results. Namely, our expecta-
tions were higher in terms of strength the
correlation of dependent (HGSpot) and in
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dependent variables (the variables of the
Chinese economy). Also, from the equation
of the regression model and coefficients we
see the inverse functions, i.e. the inverse
regression coefficients for the variables
INFCHN and IMCOCHN, which has some-
what its theoretical and practical foundation.

The fluctuations in the price of goods,
primarily energy products and agricultural
products (foods), significantly contribute to
the growth of consumer prices and the rise in
inflation. High inflation is in the focus of all
central banks, both in developed and devel-
oping economies, where sharper monetary
policy measures occur during the period of
growth. In this regard, the question is how
much and how the state can influence the
stabilization of consumer prices with its
monetary policy, and thus to inflation in or-
der to preserve social security and population
standards. The characteristic of today's Chi-
na, in addition to the industrialization, has
accelerated the urbanization and migration of
the rural population to large cities. With that,
a large number of Chinese residents, due to
the improvement of their living standards,
are changing their lifestyle habits. According
to data from the Chinese customs authorities,
in 2017 food was imported in the amount of
58 billion. US $, which is 25% more than the
previous year, which indicates that the popu-
lation of China is changing its eating habits.
On the other hand, China is the world's larg-
est buyer and consumer of oil, estimated at
10% of global energy consumption. The fluc-
tuations in oil prices WTI and Brent do not
affect demand, as China buys all available
quantities. Currently, China does not import
oil and gas from the United States due to a
trade war and is facing other sources of sup-
ply, which can lead to volatility in prices and
inflation, as the United States was China's
significant supplier of these energy products.
Analyzing the commaodity correlation coeffi-
cients of crude oil and wheat, as the most
important agricultural product (range 0.30-
0.65), and the possibility of rising prices for
these commodities, it is evident that prices
and inflation are followed in China. As the

copper is correlated with these goods at the
intermediate level of bond strength, the im-
pact of inflation in China measured CPI at
the price of copper can be partially ex-
plained. The rest is in the domain of macroe-
conomic and monetary measures and unfore-
seen events on the market. Currently, the
latest recorded inflation in China is 1.92% in
2018 (growth of 0.06% compared to 2017).
The determinant of Chinese copper im-
ports (IMCOCHN) explains 19.3% of the
variability of spot price movement of cop-
per. We see that this is an inverse function,
so that the decline in copper imports in Chi-
na by 1% per annum affects the annual
growth of copper prices by 0.90%, and vice
versa. Although China is the largest import-
er and consumer of refined copper in the
world, this can be explained by the fact that
it is at the same time the world's largest im-
porter of ore and copper concentrates (43%
of world imports), and is increasingly reli-
ant on the processing of secondary copper
and recycling. Also, the Chinese economy
receives more and more copper from its
own sources and from the mines and plants
they own, which makes them competitive in
the world market, strengthens their bargain-
ing power and can effect the prices through
lowering demand in foreign markets.
Based on the data in Table 7, we see that
the determinant of Chinese refined copper
consumption (CRafCOCHN) explains
35.1% of the annual growth rate of copper
spot prices (HGSpot), where the growth of
refined copper consumption in China has a
1% impact on the annual increase in spot
copper prices by 0.88%. Due to the slowing
down of the Chinese economy, in recent
years there has been a decline in annual
consumption of refined copper to around
3%. At the same time, China has been re-
ducing imports of refined copper in recent
years due to accumulated supplies. The is-
sue of copper stocks in China distorts the
picture of consumption, according to ana-
lysts of Bloomberg and several other im-
portant financial portals. Namely, there are
allegations that about 70% of refined copper
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imported into China is used to obtain credit,
not for production. Chinese banks have ap-
proved the loans based on copper, as ithasa
certain market price and is traded on mar-
kets such as the London Metal Exchange
(LME) and the Shanghai Futures Exchange
(SHFE). According to the Goldman Sachs
estimates, the total value of such credit

arrangements reaches as much as $ 160 bil-
lion. US $, or about 31% of all short-term
foreign currency loans in China. The last
significant determinant - export of goods
and services (EXGSCHN) stands on the
theoretical and practical bases, with the low
prediction coefficients in our model, so we
will not explain it in more detail.

Table 7 Values of the coefficients of correlation and determination the model variables

Pearson R logINFCHN | logEXGSCHN logIMCOCHN | logCRafCOCHN | logHGSpot
logINFCHN 1 0.370 -0.117 0.068 -0.117
logEXGSCHN 0.370 1 0.100 -0.143 0.194
logIMCOCHN -0.117 0.100 1 -0.388 -0.440
logCRafCOCHN | 0.068 -0.143 -0.388 1 0.593
logHGSpot -0.117 0.194 -0.440 0.593 1

R? logINFCHN | logEXGSCHN | logIMCOCHN | logCRafCOCHN | logHGSpot
logINFCHN 1 0.136 0.013 0.0046 0.0136
logEXGSCHN 0.136 1 0.010 0.020 0.037
logIMCOCHN 0.013 0.010 1 0.150 0.193
logCRafCOCHN | 0.0046 0.020 0.150 1 0.351
logHGSpot 0.0136 0.037 0.193 0.351 1
CONCLUSION

Correlations of copper prices with the
world variables and Chinese economy are of
particular importance. In recent years, the
increasing influence of unclear (undeter-
mined) factors on the price of copper, such as
the investor mood, speculations and use of
copper in solving the geopolitical and geoe-
conomic issues, is evident. These factors can
further lead to the significant fluctuations in
the copper price, even if basically there is no
reason for such volatility. This situation on
the market can be illustrated by the data from
the period from 2012 to 2017, when there was
an intensive increase in production and con-
sumption of refined copper in the world,
while the copper prices recorded an intense

stagnation. In 2017, owing to the slowdown
in the economic growth of the world's largest
economies (China and the US), the produc-
tion and consumption of refined copper de-
clined, while the average price of spot and
copper fuels increased by 30%. Certainly,
these data tell us about the high price volatili-
ty and the extremely high level of speculative
jobs on the market, which can be explained
by various motives of producers and inves-
tors, from making profits to solving the geo-
political and geoeconomic issues among the
strongest economies in the world (USA, EU,
Russia, China).

Our research confirms effect of the Chi-
nese economy on the movement of copper

No. 1-2, 2019

103

Mining & Metallurgy Engineering Bor




prices, which is evident and should not be
ignored. The preliminary analysis revealed
several significant features of annual series of
data on the movement of copper prices: 1.
Copper copper prices had a structural break in
2003-2004, which coincides with China's
entry as the largest net importer of copper to
the global market, where the price series
showed much higher volatility and higher
average price than before; 2. The global fi-
nancial crisis in 2008 had a major impact on
copper prices, as well as on other considera-
tions. Bearing in mind the identified structural
breakdown, it was decided that the period of
the series should be limited to the period from
2005 to 2017. What is somewhat surprising
for the authors are the statistical insignificance
and the weakness of the connections of some
of the selected determi-nants to the movement
of the price of copper (eg rates of GDP growth
and urbanization of China). Expectations were
met with the variable import of copper and the
consump-tion of refined copper in China. The
fact that the Chinese inflation rate is statistical-
ly significant points to the next research of
economic factors, which should include other
financial factors of the Chinese economy (ex-
change rate, interest rates, Shanghai Stock
Exchange indices), as well as the impact of
significant price movements - oil, steel and
aluminum as the main copper substitute). Al-
s0, the analysis of trading of ETF funds on
metals can be of great importance, which may
explain us somewhat the influence of specula-
tion on the price of copper.

In the end, we can conclude that we
have confirmed our research hypothesis: the
determinants of the Chinese economy have
a statistically significant impact on the
movement of prices in the global copper
market. However, in order to better under-
stand the movement of prices in the copper
market, a comprehensive funda-mental
analysis is needed, which, in addition to
macroeconomic factors, would include mi-
croeconomic as well as factors of a political
and social environment that could

have an impact on the price of copper. Pre-
viously, this is confirmed by the sudden
events of July 2018 on US-China relations
and beginning of a trade war that continues.
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