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Abstract

Sustainable development is the most current topic of today; it means a moderate development
that meets the needs of the present generation, and does not interdict the needs of future genera-
tions. An analysis of the sustainable development benefits in the mining companies (Mining and
Smelting Basin Bor, RTB) presents a problem that can be solved using the multi-criteria decision-
making methods (MCDM). The interest in analyzing the benefits of sustainable development in the
Mining and Smelter Basin Bor originated from the fact that the benefits influence the growth, de-
velopment and survival of the company. One approach based on the AHP method is proposed to
solve the complex problem in this paper. The usability and effectiveness of the AHP approach has
been considered in the empirical application of the proposed method for assessment the sustaina-

ble development benefits in the mining companies of Serbia (RTB Bor).
Keywords: sustainable development, AHP method, RTB Bor

1 INTRODUCTION

A concept of sustainable development in
the modern world implies improving the
quality of life with respecting a healthy envi-
ronment, using the social and economic
qualities for both present and future genera-
tions [1].

Development of RTB Bor in Serbia
depends on many investment factors. But,
their development and survival depend to
some extent on the benefits of sustainable
development: sustainable production and
consumption, implementation of the inte-
grated management system (ISM), intro-
duction of clean technology, development
of social responsibility and environmental
protection. Development of the mining
companies in Serbia has a major contribu-
tion to the solution of social and demo-
graphic issues, positive impact on regional

development and external trade balance of
the country [2]. RTB Bor is one of the
leading manufacturers of copper and pre-
cious metals (gold and silver) in Serbia.

Ranking of the sustainable development
benefits of the mining companies (RTB Bor)
was done implementing the multicriterion
decision-making (MCDM) method.

The MCDM technique has the benefit to
evaluate the different options according to
the different criteria that have different units.
Their benefit over the traditional methods is
that the deciding criteria have to be convert-
ed into the same unit. Another benefit is that
they can analyze the quantitative and quali-
tative evaluation criteria.

This paper deals with a multicriterial
analysis of ranking the benefits of sustai-
nable development in the mining compa-
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nies or selection the best alternatives from
a set by conflicting attributes.

The main idea of implementation the
MCDM methods is an efficient assessment
the benefits of sustainable development of
the mining companies in order to improve
the performances, increase profits, survival,
faster risk identification, achievement the
strategic goals and stakeholders' demands.

In recent years, MCDM methods are
rapidly developed towards an effective
methodology for solving the conflicting real
problems and have a significant interests of
researches in the mining for: selection of the
degraded areas [3]; evaluation and selection
of the personnel [4,5,6]; selection of the
optimal integrated management system
[7,8]; selection of the mining tourism strat-
egy [9]; choice of the suppliers [10]; opti-
mal mining [11]; business strategy selection
[12], etc. They have found an application
for evaluation the sustainable business [13]
and selection the most influential indicator
of sustainable development in the mining
companies [14].

One of the MCDM methods - the AHP
(Analytical Hierarchical Process) method is
used in this paper. The AHP method has
assessed the benefits of sustainable devel-
opment of RTB Bor with the given criteria.

2 EXPERIMENTAL PART

The concept of sustainable develop-
ment in the world and in our country is
accepted as a condition of survival and
development the mining companies. Sus-
tainable development of the mining com-
panies should enable a continuous sustain-
able long-term economic growth that will
be based on the moderate use of natural
resources in accordance with the environ-
mental principles and respect for the envi-
ronment. The benefits of sustainable de-
velopment for the mining companies are
examples of implementation the sustaina-
ble development and business.

The objective of this paper is to evaluate
the benefits of sustainable development the

mining companies in Serbia for the purpose
of creating a sustainable business model,
providing opportunities for rapid recogni-
tion of opportunities, chances, strengths and
weaknesses, better mission and vision, bet-
ter positioning, gaining competition, win-
ning the new products and markets.

The advantages of sustainable develop-
ment are: sustainable production and con-
sumption, implementation of an integrated
management system (ISM), introduction of
the clean technology, development of the
social responsibility and environmental
protection.

Alternative Al: Sustainable production
and consumption: designed, real set and
operationally managed production and con-
sumption of the mining companies is one of
the alternative benefits of sustainable devel-
opment. Alternative (Al) creates the sus-
tainable models of the mining companies
with which the desired results are achieved
with the start of exploration of mineral re-
sources.

Alternative A2: Implementation of the
ISM. As in the world, and with increasing
importance, it has an integrated manage-
ment system. It is defined as a comprehen-
sive management tool that connects all ele-
ments of the business system into a single
management system. The optimal model of
the integrated management system is a pro-
cessive [7, 8], supported by the new stand-
ard 1SO 9001:2015, an international stand-
ard that includes the 1SO-International Or-
ganization for Standardization. Alternative
(A2) creates the sustainable business mod-
els for the mining companies that are will-
ing to give answers to all stakeholders.

Alternative A3: Introduction of the
clean technology as a priority for sustaina-
ble development is crucial for development
and creation the sustainable business of the
mining companies and healthier environ-
ment. Problems of pollution as a result of
out-of-date technologies, worn out equip-
ment, inadequate use of the secondary raw
materials, inefficient use of the natural re-
sources, decision-making without the ade
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quate models, lack of the waste manage-
ment perceptions and incentives for intro-
duction of the clean production.

Alternative A4: Development of the
social responsibility improves a reputation
and creates a confidence for the community,
employees, users, and all stakeholders. The
concept of socially responsible business
contributes to a better society and healthy
environment. The responsible business of
the mining companies is an investment ra-
ther than a loss.

Alternative A5: The environmental
protection, its requirements are defined with
the 1SO 14001 standard. Implementation of
the 1SO 14001 as a benefit of the sustaina-
ble development makes the model of min-
ing companies that reduce the environmen-
tal pollution, ecological disaster risks, con-
trol emissions, execute certain controls re-
lated to the production, reduce the operating
costs and increase the ability to generate the
sustainable production and consumption,
which is a condition for getting a successful
sustainable business model.

Criteria: Criteria are measures that
evaluate the alternatives for evaluating the
benefits of sustainable development in RTB
Bor, defined by the decision-making team.

Criterion (C1): Informing the em-
ployees and their participation in deci-
sion making as an important criterion for
evaluation the benefit of sustainable devel-
opment for the mining companies. A certain
milestone in the way of information and
their participation in a decision-making has
been made by the companies in developed
countries. Deming gave a major contribu-
tion to the employees: it is necessary to in-
troduce a permanent training, improvement
and transformation of the employees.

Criterion (C2): Competitiveness: The
international competitiveness of a state is
the ability to maintain and increase the
share of national economy in the market by

opening the international standards of the
efficiency, sustainable use of the natural
resources and product quality [15].

Criterion (C3): Reducing costs; many
mining companies have met with demands
of the foreign companies, so they are forced
to provide the appropriate 1SO standards to
reduce the costs. The criterion of cost reduc-
tion is important for the mining companies
in order to increase the production and
thereby to increase the profits.

Criterion (C4): Introduction of the
new technologies; a trend for drastic in-
crease in the investment in the mining com-
panies in Serbia (construction of the New
Smelter in the Mining and Smelting Basin
Bor) has been recently seen. This criterion
increases the production and sales leading to
a greater competitiveness and cooperation
with the global companies.

Criterion (C5): Simpler procedures,
as a criterion for evaluating the benefits of
sustainable development of the mining
companies is based on introduction the con-
cept of business quality improvement on the
PDCA cycle (Plan, Do, Chek, ACT) which
includes: plan, perform, check and control.

Criterion (C6): The quality control of
the process by Deming is: to design a
product, to test the product on the produc-
tion line or laboratories, to sell the product
and test it, to find out what they think about
it and those who bought it and who did not.
The mining companies in modern business
are forced to focus on the quality processes
to be sustainable and competitive.

Criterion (C4): The introduction of
new technologies has recently seen a trend
for a drastic increase in investment in min-
ing companies in Serbia (the production of
the New Smeltery in the Mining Smelter
Basin Bor). This criterion increases pro-
duction and sales leading to greater com-
petitiveness and cooperation with global
companies.
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3 EVALUATION OF THE
SUSTAINABLE DEVELOPMENT
BENEFITS BY THE AHP METHOD

b) Matrix obtained on the basis of
comparative comparison the crite
ria and alternatives;

The problems of evaluation the sustaina-
ble development benefits of the mining

companies can be overcome using an analyt- c) The consistency test must be less
ical hierarchy (AHP) which Thomas L. than 0.1:

Saaty (1970) introduced into the multi- d) Comparison synthesis in order to
criteria decision-making [16]. This compen- obtain an optimal alternative,
satory decision methodology can be applied e) The evaluation of criteria is done

between each other and ranking of
the individual alternatives using the
Criterion Decision Plus software.
The weight coefficients of the criteria
are determined using the scale of compari-
son the Sati's procedure (Table 1).

in various areas of planning, management
and solving the real problems.

The AHP includes [17]:

a) Structuring the problem of a hierar-
chical decision;

Table 1 Scale of comparison the decision elements

Dominances
Description Rating
Equal 1
Poor domination 3
Strong domination 5
Very strong domination 7
Absolute domination 9

2,4, 6, 8 are the subtotals

Table 2 Matrix of comparison for criteria

Criteria C, C, C; Cy Cs Cse
C, 1 175 13 13 12 13
C, 1 1 3 3 3
Cs 1 1 1/2 1
C, 1 2 1/3
Cs 1 1/2
Cs 1

The obtained results are shown in hierarchy of the AHP method.

Table 3. Figure 1 shows the decision
Table 3 Results obtained by the AHP calculations

Criterion C; C, C; Cy Cs Cs

Weight coefficients of criterion ~ 0.053 0.327 0.160 0.136 0.127 0.197
Consistency coefficient 0.084
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Figure 1 Hierarchy of decision-making

The next step is to evaluate the alterna-  the benefits of sustainable development in
tives, individually with each C;, C,, C3, C;,  RTB Bor. The choice of criteria is very im-
Cs and Cq. criteria. Alternatives are given as  portant for solving the real problems.

Table 4 Comparison of alternatives in relation to the criterion C;

Alternatives Ay A, Az Ay Ag
A 1 2 3 1/2 1
A, 1 1 1/2 3
Aj 1 1/5 1/2
Ay 1 3
As 1

Consistency coefficient 0.084

Table 5 Comparison of alternatives in relation to the criterion ¢,

Alternatives A A, Aj Ay As
Ay 1 1 1 2 1
A, 1 1/3 1/2 1/2
Az 1 1/2 2
A4 1 2
As 1

Consistency coefficient 0.095
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Table 6 Comparison of alternatives in relation to the criterion Cs;

Alternatives Ay A, Aj Ay Ag
Ay 1 1 3 1/2 2
A, 1 2 1/3 1
Aj 1 1/5 1
Ay 1 5
As 1

Consistency coefficient 0.017

Table 7 Comparison of alternatives in relation to the criterion C,

Alternatives Ay Ay Az Ay Ag
Ay 1 2 3 1/2 1
A, 1 3 1/3 2
Az 1 1/5 1/2
Ay 1 1
As 1

Consistency coefficient 0.072

Table 8 Comparison of alternatives in relation to the criterion Cs

Alternatives Ay A, Az Ay Ag
A 1 2 1/3 1/2 1
A, 1 1/3 1/2 1/3
Az 1 5 1
Ay 1 1
As 1

Consistency coefficient 0.079

Table 9 Comparison of alternatives in relation to the criterion C6

Alternatives Ay A, Az Ay Ag
Ay 1 2 3 1/2 1
A, 1 1 1/2 2
Az 1 1/3 2
Ay 1 3
As 1

Consistency coefficient 0.067
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The AHP analysis of evaluation the sus-
tainable business benefits in the mining
companies shows that the highest benefit
has the alternative (A,) - development the
social responsibility; the second place is the
alternative (A1) - sustainable production
and consumption; the third place is thealter-
native (Ag) - introduction of the clean tech

Table 10 The final ranking of benefits

nology; the fourth place is the alternative
(As) - environmental protection and the fifth
place is the alternative (Ap) - implementa-
tion of the integrated management system
(Table 10). All alternatives are the benefits
of importance for implementation the sus-
tainable development in the mining compa-
nies.

Order No. Benefits Result
1 A, 0.315
2 Ay 0.214
3 A; 0.181
4 As 0.152
5 A, 0.139

4 ANALYSIS OF THE RESULTS

Using the AHP method, the most influ-
ential criterion was obtained as well as the
certain alternative that has the highest bene-
fit for the sustainable development of RTB
Bor.

The results obtained by the AHP calcu-
lations (Table 3) show that the criterion C,-
competitiveness has the highest impact on
the obtained result because its weight coef-
ficient is 0.357; the second position occu-
pies the criterion Cq - quality control of the
process with a weight coefficient of 0.197;
in third place is the criterion C; - reduction
of costs with a weight coefficient of 0.160;
the fourth is the criterion C, - introduction
of the new technologies with a weight coef-
ficient of 0.136; the fifth place is the criteri-
on Cs - simpler procedures with a weight
coefficient of 0.127 and the sixth place is

the criterion C; - information of the em-
ployees and their participation in a decision-
making with a weight coefficient of 0.053.

Evaluation the sustainable development
benefits in the mining companies by the
AHP calculation results in a fact that has the
highest benefit has the alternative A, - de-
velopment of the social responsibility,
which has a maximum value of 0.315; the
second place is the alternative Ag-
sustainable production and consumption
with a value of 0.214; the third place is the
alternative As.- introduction of the clean
technology with a value of 0.181; the fourth
place is the alternative As - environmental
protection with a value of 0.152; the fifth
place is the alternative A, - implementation
the integrated management system with a
value of 0.139 (Table 10).
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Figure 2 Graph of evaluation the sustainable development benefits in the mining

Figure 2 shows a graph of evaluating the
benefits of the mining company (RTB Bor)
in implementation the sustainable develop-
ment. Calculation resulted in a fact that all
benefits are almost equal. The responsible
business as the best benefit of sustainable
development means: investments for intro-
ducing the new and clean technologies for
sustainable production and consumption,
development the awareness of environmen-
tal protection and implementation the inte-
grated management system (ISM). The re-
sponsible business improves the image of
mining companies, creates confidence and
thus increases the competition.

Alternative A, - development of the so-
cial responsibility does not create a loss but a
prosperity (satisfaction) for all interested
parties.

CONCLUSION
The applied MCDM methodology for

evaluating the benefits of sustainable deve-
lopment creates a perception for implement-

tation the sustainable develop-ment and cre-
ation a sustainable business model. An as-
sessment of the sustainable development
benefits gives stakeholders the opportunity
to better understand the chances, opportuni-
ties, strengths and weaknesses of RTB Bor
to the aim of sustainability, competitiveness
and profitability.

The AHP method was used to evaluate
the benefits of sustainable development.
The assessment of the following alternatives
was made: sustainable production and con-
sumption (A;), implementation of integrated
management system (ISM) (A,), introduc-
tion of the clean technology (As), develop-
ment of the social responsibility (A,;) and
environmental protection (As). CAlculation
has provided that the alterna-tive A, - de-
velopment of the social responsibility has
the highest value showing that it is the best
advantage.

The following criteria were used to
evaluate the benefits of sustainable develop-
ment: information about employees and
their participation in a decision-making
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(C,), competitiveness (C,), cost reduction
(C,), introduction of the new technologies
(C4), simpler procedures (Cs), quality pro-
cess control (Cg). The criterion C, - compet-
itiveness has the greatest impact on evaluat-
ing the benefits of sustainable development
in the mining companies.

Based on all of these, the future research
should be directed towards the implement-
tation of sustainable development in the
mining companies.

A contribution of this paper is the per-
ception for implementation the sustainable
development in order to the company sur-
vival and meeting the requirements of
stakeholders.

A contribution of science is focused on
expanding the theoretical and practical
knowledge on implementation the sustain-
nable development in the mining compa-
nies.
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