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Abstract

Mining can become more sustainable by developing and integrating economic, environmental, and social
components. Among the mining industries, coal mining requires paying a serious attention to the aspects of
sustainable development. Therefore, in this work, we investigate the impacting factors involved in the
sustainable development of underground coal mining from the structural viewpoint. For this purpose, the
decision-making trial and evaluation laboratory (DEMATEL) technique, which is a graph-based method, is
utilized. To do so, at first, twenty effective factors are determined for three components. Then the
hierarchical structure and the systematic approach are used to determine the total exerted influence or total
received influence of the components. The results obtained show that the environmental and social
components are the most important, and the economic components are the least important among them.

Keywords: Sustainable Development, Underground Mining, Coal, Decision-Making Trial and Evaluation

Laboratory (DEMATEL) Technique.

1. Introduction

Generally speaking, the progress and development
of a country depend upon its economy. On the
other hand, the economy is related to the mineral
resources, energy, and industries, and thus, the
economic growth requires increasing their
capacity. Nowadays, due to rises in the world
population and the growing demand of welfare to
increase the production rate of mining, industries
are essential. In this manner, if increasing the
production rate is not attented, the future
generations will have troubles. In the recent
decades, to deal with this issues and challenges, a
sustainable development (SD) has been widely
used. In 1987, SD was defined as development by
considering the demand of the present and future
generations simultaneously without compromising
the ability to meet them. These principles have
had a growing influence on the development of
environmental and social policy in the recent
decades, and have been adopted and promoted by
a number of international organizations including
United Nations and World Bank [1-3].

Mining activity is one of the most important
industries in many countries for an economic
growth and a social welfare. In contrast, due to the
many environmental effects of mining (e.g. water
and air pollution, and soil erosion), various social
and economic problems have led to enter SD into
the mining sector. In modern mining, special
attention is paid to SD. This would lead to obtain
more welfare and wealth for industrialized
countries. Coal industry, as a strategic energy
resource and an infrastructure material for various
industries, has a significant role in the economy of
countries. This industry has many environmental
impacts and social issues. Consequently, paying
attention to SD is of special importance. Up to the
present time, many efforts have been made for
assessing SD in all fields of mining, especially
coal mining [4, 5]. In what follows, the recent
studies in this context are reviewed.

Chikkatur and others have reviewed and discussed
the key challenges of SD in the Indian coal
section. Consequently, they presented viewpoints
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and policy recommendations in order to move in
the right direction in this field [6]. The
environmental impacts of China’s coal mines have
been assessed in order to protect the economic
resources and profits to achieve the goals of SD
using the hierarchical analysis process (AHP) [7].
In 2010, Mitich described the SD strategies to
improve the coal mining industry, and gave
recommendations for more effective applications
of the principles of SD and technology
management [8]. Application of the dynamic
system theory for the development of a
decision-support system for coal mine programing
system was suggested by Sontamino and
Drebenstedt in 2011 [9]. A mathematical model
for evaluation of sustainability for a tailing dam in
coal mine was provided by Philips based on the
results an environmental impact assessment with a
rapid impact assessment matrix (RIAM) [10]. Up
to now, this model is the most important
quantitative model for assessing SD in term of the
environmental aspects. Mukhopadhyay suggested
a framework by integrating three analytical
approaches to plan models for SD including
economic analysis, decision analysis, and system
analysis [11]. A diagnostic methodology to the
path of (un)sustainable economic development
was developed in this framework. Czaplicka-
Kolarz and others identified factors of
underground coal gasification influencing
balanced Life Cycle Assessment; they attempted
to assess the effect of underground coal
gasification technology on the indicators of SD in
Poland [12]. Burchart-Korol and others have
developed algorithms for assessment of the
aspects of SD for hard coal mines, the
environmental and cost efficiency of mining
production processes. They presented an equation
for coal mine environmental assessment.
Afterward, the socio-economic analysis was
performed using cost-benefit analysis (CBA), and
an equation was presented for this purpose.
Finally, on the foundation of previous equations, a
SD indicator was developed. Their study was
done in the Poland’s hard coal industry as a case
study [13]. Uddin and others have investigated the
cooperation of methane coal mine projects under
the clean development mechanism (CDM) with
SD in China. Moreover, they compared it with six
similar projects implemented with CMD in other
developed countries [14].

Based upon the literature review, it was concluded
that there were two important points in the
previous studies: providing a model for evaluating
SD in coal mining, general assessment of SD in a
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case study. Although these efforts have provided
significant contributions to the sustainability
development concept in mining, however, there is
no analytical study about the aspect and impacting
factor of SD in terms of their inter-relationships.
Therefore, this paper describes the structure of SD
components as well as impacting factors for
underground coal mining from a causal structural
viewpoint.  Furthermore, their = importance
according to the influence that each exert or
receive from others was analyzed. To do so, the
decision-making trial and evaluation laboratory
(DEMATEL) method that is a technique for inter-
relationships in a system was used.

2. SD in coal industry
The sustainable development (SD) was defined in
1987 by World Commission on Environment and
Development at United Nations as [1]. “SD is a
development that meets the needs of the
pre-sent without compromising the ability of
the future generations to meet their own
needs”.
The implementation of SD means the integration
of activities in the following three key areas
(Figure 1) [15]:
e technical and economic activities, ensuring
economic growth;
e ccological, ensuring the protection of
natural resources and the environment;
e social, meaning care for the employee at the
workplace and community development in
the area of the mining environment.

SUSTAINABLE
DEVELOPMENT

GROWTH OF THE ECONOMY
PROTECTION OF NATURAL
RESOURCES OF THE ENVI-

RONMENT
SOCIAL RESPONSIBILITY

Figure 1. Key elements of SD [15].

Challenges of SD are reflected in the strategies
and action plans of the coal mining industry as an
energy source and a key component of an
important industry such as steel and cement
manufacturing. These issues play an important
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role in setting aims and priorities associated with
the long-term development of coal industries and
its ability to follow the rules of SD. As a result,
due to the lack of paying attention to any aspects
of SD in coal mining, this industry not only will
grow but also will follow harmful effects. The

three main aspects of a SD can be divided into the
impacting factors. Therefore, based upon the
literature, recommendations of the experts, and
our knowledge, the related factors were classified
as shown in Figure 2.
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Figure 2. Factors involved for a SD.

3. Decision-making trial and evaluation
laboratory (DEMATEL) technique

DEMATEL is one of the MCDM methods based
upon graph theory, which was introduced for the
first time in the late 1971 in Geneva research
center by Fontela and Gabus for the study of very
complex structure systems [16-19]. This method
uses the principles of graph theory based on
experts' opinions on various issues in the form of
graphs showing a directional and hierarchical
structure. Moreover, DEMATEL demonstrates the
inter-relations among criteria and discovers the
central criteria to represent the effectiveness of
factors. This method has been applied in many
situations such as safety problems [20], E-learning
[21], supply chain management [22], business
process management [23], and risk assessment
[24]. In order to implement this method, 7 steps
must be carried out as what follow [21, 25-27].
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Step 1: Determining effective factors in system.
In this step, it is necessary to identify the main
components and their impacting factors. For this
purpose, the brain strom method (recommendation
of experts and exprimental judgement) and
reviewing the literature can be used.

Step 2: Establishing pairwise comparison
matrix. For this aim, a square matrix is
established, in which the effective factors are put
in row and column. Then the experts are asked to
indicate the direct influence that each factor exerts
on the others according to an integer scale ranging
in Table 1. The element of comparison matrix is
noted by x;{*’, which shows the direct influence of
factor (i) on factor (j), given by expert (k).
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Table 1. Numerical values for exert and received influence.

Classification  No influence  Very low influence

Low influence

High influence Very high influence

Score 0 1

2 3 4

Step 3: Calculating average matrix. This matrix
is the average of pairwise comparison matrix,
denoted by A. The (i, j) element of matrix A is aj;,
calculated as follows:

1
a; =szlff

k=1

(1
where £ is the number of experts.

Step 4: Calculating initial direct influence
matrix. The initial direct influence matrix D is
obtained through normalizing matrix A, which
can be gained from Equations (2) and (3).

p-2
s

2)

where s is a constant, which can be calculated as
follows:

n n
s = max[maxlgign Zay. ,max, ., Zaﬁ] 3)

j=1 i=1

Step 5: Calculating total relation matrix. Based
upon the graph theory, the sum of direct and
indirect influences that vertices of a graph exert
on each other, considering all feedbacks, is the
sum of the terms of an infinite geometric series.
Therefore, the total relation matrix T shows the
total indirect and direct relations calculated as
follows:

T :iD” -D(1-D)" (4)

m=1

By letting t;; to be the (i, j) element of matrix T,
the sum of the i-th row and the sum of the j-th
column, r; and ¢;j, are obtained, respectively, as
follow:

[7:],..= [Zf j (5)
le)],.= (Zt j ©6)

where 1; represents the total direct and indirect
influences of factor i on the other factors, and c;
denotes the sum of the direct and indirect
influences, received by factor j from the other
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factors. Therefore, when j =i, (c; + 1;) provides an
index of the strength of influences given and
received, in other words, (c; + ;) shows the degree
that factor i plays in the problem. If (¢; - 1)) is
positive, then factor i affects the other factors, and
if (¢; - 1;) is negative, then factor i is influenced by
the other factors.

Step 6: Impact-relation map. At this stage, a
Cartesian coordinate system is drawn with the
values of r+c and r-c represented on the x-axis and
the y-axis, respectively.

Step 7: Setting a threshold value and showing
causal relation. In order to describe the structural
relationship between the factors involved, a
threshold value must be considered to filter some
negligible effects in matrix T. While each factor
of matrix T provides information on how one
factor affects another, the decision-maker must set
a threshold wvalue in order to reduce the
complexity of the structural relation model
implied by matrix T. Only some factors whose
effects in matrix T is greater than the threshold
value, should be chosen and shown in the impact-
relation map. In fact, the causal relation shows the
network relation, and it can be plotted in the
impact-relation map or separately. If it shows as
individual, it is called the network relation map.

4. Implementing DEMATEL for SD

For implementation of the DEMATEL method to
assess SD in underground coal mining, at first,
questionnaires were designed in order to collect
the necessary data, and then distributed among the
experts. These questionnaires consist of four
parts: components and their impacting factors
according to Figure 2. Therefore, the experts were
asked to evaluate the direct influence of factors
located in the rows on the factors located in
columns, as shown in Table 2. Finally, 15
questionnaires were received. In the following, the
implementation of the DEMATEL method for
each one of the components and their impacting
factors are described in separate sections.

4.1. Implementation of DEMATEL method for
components

The matrix shown in Table 2 is used in order to
gather expert judgments in which EN, EC, and S
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represent the environmental, economic, and social
components, respectively.

Table 2. Matrix for components.

EN | EC | S
EN| O
EC 0
S 0

By undertaking steps 1-3 in the DEMATEL
technique, matrix A was calculated as follows.
This matrix shows the initial direct effects that a
factor exerts and receives from the other factors.

EN

EN | 0.000

A =EC|3.000
S |2.875

EC S
3.500 3.875
0.000 3.313
3.250 0.000

By implementation of steps 4 and 5 of the
DEMATEL method, vectors of (r), (¢), (r-c), and
(r+c) were calculated for components, and the
results obtained were tabulated in Table 3. Vector
(r) indicates the total exert influence on the others,
(c) is a vector that shows the total influence
received from the others, (r-c) is relation, and
(r+c) is impact. Then the impact-relation map of
SD was drawn and illustrated in Figure 3.

Table 3. Results of total relationships matrix for

components.
Components r c r+c r-c
Environmental 8902 7.607 16.509  1.295
Economic 7.989 8374 16.363 -0.385
Social 7.822  8.732 16.554  -0.91

As it can be seen in Table 3, ‘environmental’ is
the most total exerted influence component with
an (r) value of 8.902, whereas ‘social’ is the least
total exerted influence component with (r) value
of 7.822. Mining activities influence the
environment in different ways in the area that coal
mines are located. When a mining area concerns
with the environmental problems, it causes social
troubles, loss of life, people immigration, and
unemployment. These are examples of the effects
of the environmental component. It is quite
natural that this component is the most total
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exerted influence. On the other hand, values for
the social component are determined by the other
components. It is the least total exerted influence
component compared with the others. Thus social
components are the most total received influence,
and the environmental components are the least
total received influence that the result confirms
this point. Therefore, nowadays many countries
need a comprehensive planning for social
management in order to gain environmental,
social, and economical benefits at the same time.
Due to the presence of internal relationships
among environmental, economic, and social
components, the total exerted influence and the
total received influence values are close together.
As it can be seen in Figure 3, the economic and
social components are in the relation group, with
negative (r-c) values of -0.385 and -0.91,
respectively, and the environmental component is
in the relation group with a positive (r-c) value of
1.295. The social component has the most impact,
and hence, is the most important among these
components, whereas the economic component
has the least impact, and hence, is the least
important component.

As described earlier, the value for r-s shows the
net effect that a factor shares with the system.
Accordingly, although EC and S have the negative
value of (r-c), and thus are the effective
components, EC has a more exerted effect on the
system. In fact, the graph shows that the economic
component is more in relation with the system
compared with the social component.

Ultimately, in order to draw a network
relationship map based on the information of total
relationship matrix, a threshold value was
calculated by arithmetic averaging of T matrix,
which was equal to 2.746. Therefore, in drawing a
network relationship map, any relationship is only
displayed whose amount in matrix T is more than
the threshold value. This map is illustrated in
Figure 4. The network relationship map shows
that the economic and social components have
more total received influence than the
environmental component. On the other hand, the
environmental component is not influenced by
any other components. In this structure, the
economic and social components are in a two-way
communication with each other.
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4.2. Implementation of DEMATEL method for
environmental impacting factors

To collect the expert views, the matrix shown in
Table 4 was used, in which AP, WP, SP, N, FP,
DL, and EF indicate the impacting factors of air
pollution, water pollution, soil pollution, noise,
forest protection, land disturbance, energy, and
fuel respectively.

Table 4. Matrix for environmental impacting
factors.

AP | WP | SP | N | FP | LD | EF

AP 0

WP

SP

FP

LD

EF

Through undertaking steps 1-3 in the DEMATEL
method, matrix A is calculated as follows. This
matrix shows the initial direct effects that a factor
exerts on and receives from the other factors.

AP
[0.000

wpP SP

1.867

N FP LD EF

AP 1.933 0.867 2.133 1400 1.143]]

1.867 0.000
2.733

0.800

2.667
0.000
0.800

0.600
0.800
0.000

2.400
2.867
1.200

1.867 1.143
1.143

0.928

2.000 2.000

1.400 1.133
2.933
1.600

2200

2.643
1.933
2.200

2.733  1.467
0.800

1.533

0.000
2.133
1.867

2.667
0.000
1.267

1.285
1.071
0.000 |

LD 2.000

EF 1.867

By execution of steps 4 and 5 of the DEMATEL
method, vectors of total exert influence (r), total
received influence (c), relation (r-c), and impact
(r+¢) were calculated for environmental impacting
factors, and the results obtained were tabulated in
Table 5. Then the causal diagram of SD was
drawn and shown in Figure 5. In addition, the

network relationships map was demonstrated in
Figure 6.

Table 5. Results of total relationships matrix for environmental impacting factors.

Impacting factors r c r+c r-c

Air pollution 3.048 3.75 6.798 -0.702
Water pollution 3.43 3.885 7.315 -0.455
Soil pollution 3.699 3.826 7.525 -0.127
Noise 2.036 1.937 3.973 0.099
Forest protection 4.189 3.969 8.158 0.22

Land disturbance 3.108 3.355 6.463 -0.247
Energy and fuel 3.421 2.207 5.628 1.214
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As it can be seen in Table 5, the forest protection
is the most exerted influence among the impacting
factors with the largest (r) value of 4.189, whereas
noise is the least total exerted influence with the
smallest (r) value of 2.036. Mining is one of the
most activities in every country for SD. However,
an increase in the mines causes an increase in the
mining area that has many environmental
problems. One of the most important outcomes of
mining that would happen at the same time or
after destruction of vegetation in the forests. For
example, in the non-mechanized or
semi-mechanized coal mines, wooden pillars are
used for support in underground mines. This issue
is effective on the other environmental impacting

factors. Destruction of forests causes land
disturbance, air pollution (not sufficient oxygen),
and soil erosion (of heavy metals) that result in
water pollution. On the other hand, it is quite
natural that noise is the least total exerted
influence factor since it does not increase or
decrease any impacting factors. According to the
calculations, forest protection is the most received
influence with the largest (c) value of 3.969,
whereas noise is the least received influence with
the smallest (c) value of 1.937. The total exerted
influence and total received influence values of air
pollution, water pollution, soil pollution, and land
disturbance due to inter-relationships among them
are close together.

1:5 “
& EF
1
0.5
® FP
CI) 0 ‘ N -
— o
0 3 4 5 6 & 7 ®spg e
. *
0.5 .
1
15 Y

Figure 5. Impact-relations map for environmental impacting factors.

As it can be seen in Figure 5, air pollution, water
pollution, soil pollution, and land disturbance are
in the relation group, with negative (r-c) values of
-0.702, -0.455, -0.127, and -0.247, respectively;
and noise, forest protection, and energy and fuel
impacting factors are in the relation group with
the positive (r-c) values of 0.099, 0.22, and 1.214.
This means that factors with negative (r-c) are
effective parameters, and the positive (r-c) shows
the cause parameters. Forest protection has the
most impact, and hence, is the most important
among the impacting factors, whereas noise has
the least impact, and hence, it is the least
important impacting factor.

At the end, in order to draw network relationship
maps based on the information of total
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relationships matrix, a threshold value was
calculated by arithmetic averaging T matrix that is
equal to 0.468. This map is illustrated in Figure 6.
A network relationship map shows that the forest
protection, air pollution, and water pollution have
more total received influences than the other
impacting factors. On the other hand, the energy
and fuel impacting factors are not influenced by
any other factors. In this structure, air pollution,
water pollution, soil pollution, land disturbance,
and forest protection are in two-way
communication with each other. Soil pollution,
forest protection, and water pollution affect
themselves.
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Figure 6. Structure of network relationship map for environmental impacting factors.

4.3. Implementation of DEMATEL method for
economic impacting factors

The matrix in Table 6 shows the expert judgments
for economic impacting factors in which FP, CE,
OC, SP, ROR, and NPV indicate impacting
factors of fixed price, capital expenditures,
operating costs, share in domestic coal production,
rate of return, and net present value, respectively.

Table 6. Matrix for economic impacting factors.

FP | CE | OC | SP | ROR | NPV

FP 0

CE 0

ocC 0

SP 0

ROR 0

NPV 0

The matrix of initial direct effects (A) is
calculated as follows:

FP CE ocC SP ROR NPV

FP [0.000 2.067 2.867 2.667 3.267 3.200]

CE |2.733 0.000 2.667 2400 2.867 2.867

A= ocC |3.400 2.067 0.000 2.933 3.133 3.067
Sp |2.867 2467 2.733 0.000 2.467 2.467
ROR | 2.933 2.067 2533 24 0.000 3.000
NPV | 2.667 2.667 2.467 2.333 3.000 0.000 |

Table 7 demonstrates the values for total exert
influence (r), total received influence (c), relation
(r-c), and impact (r+c) vectors for the economic
impacting factors. In addition, Figure 7 shows the
causal diagram for these factors.

As it can be seen in Table 7, the operating costs
have the most total exerted influence among the
impacting factors with the largest (r) value of
12.087, whereas the rate of return has the least
total exerted influence with the smallest (r) value
of 10.91. When the operating costs increase or
decrease, other economic impacting factors will
be changed. For instance, when salary increases,
the fixed price and share in domestic coal
production will also increase. On the other hand,
rate of return must have necessary conditions for
selection as the most economic project. According
to the problems existing in coal mines, it is quite
natural that this impacting factors has the least
total exerted influence. For the same reason, the
rate of return has the most total received
influence, and the results also confirm this point.
Capital expenditure includes exploration, drilling,
and geotechnical costs that depend on the existing
condition in underground coal mine, having the
least total received influence.

Table 7. Results of total relationships matrix for economic impacting factors.

Impacting factors r ¢ r+c r-c

Fixed price 11.703 12.088 23.791 -0.385
Capital expenditure 11.338 9.737 21.075 1.601
Operating costs 12.087 11.141 23.228 0.946
Share in domestic coal production 10.976 10.765 21.741 0.211
Rate of return 1091 12.214 23.124 -1.304
Net present value 11.046 12.119 23.165 -1.073
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Figure 7. Impact-relations map for economic impacting factors.

As it can be seen in Figure 7, fixed price, rate of
return, and net present value are in the relation
group, with the negative (r-c) values of -0.385,
-1.304, and -1.073, respectively; and capital
expenditure, operating costs, and share in
domestic coal production are in the relation group
with the positive (r-¢) values of 1.601, 0.946, and
0.211, respectively. Fixed price has the most
impact, and hence, is the most important among
the impacting factors, whereas capital expenditure
criterion has the least impact, and hence, is the
least important factor.

Again a threshold value of 1.890 is used to draw
the network relationship map. This map is
illustrated in Figure 8. The network relationship
map shows that the rate of return and net present
value have a total received influence more than
the other impacting factors. On the other hand, the
capital expenditure is not influenced by any other
factors. In this structure, shares in domestic coal
production, fixed price, and operating costs are in
two-way communication with each other. A fixed
price affects itself.

EX

Figure 8. Structure of network relationships map for economic impacting factors.
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4.4. Implementation of DEMATEL method for
social impacting factors

The matrix in Table 8 demonstrates the expert
judgments for social impacting factors, in which
ELF, PRG, BSE, LS, TRC, SAK, and HAS point
to impacting factors of employment of local work
force, protecting the rights of future generations,
being strategic in energy, local satisfaction, the

impact on the regional culture, skills and

knowledge of health, and safety wvalue,

respectively.

Table 8. Matrix for social impacting factors.

ELF | PRG | BSE | LS | TRC | SAK | HAS

ELF 0

PRG 0

BSE 0

LS 0

TRC 0

SAK 0

HAS 0

The matrix of initial direct effects (A) is
calculated as follows:

ELF
[0.000
1.714
1.785
2.285
1.928
2.785
HAS | 2.285

PRG

2.357
0.000
2.571
2.143
2.143
2.000
2.000

BSE

1.643
1.857
0.000
0.928
1.214
1.571

1.500

LS

3.357
2.357
2214
0.000
2.643
1.928
2.071

3.143
2.071
1.785
2.428
0.000
2.428
2.643

3.357
1.714
1.714
1.785
2.000
0.000
2.143

The values for the total exert influence (r), total
received influence (c), relation (r-c), and impact
(r+c) vectors for the social impacting factors are
demonstrated in Table 9. Then the causal diagram
for these factors were drawn and shown in Figure
9.

As it can be seen in Table 9, the employment of
local work force has the most total exerted
influence among the impacting factors with the
largest (r) value of 4.445, whereas protecting the
rights of the future generations has the least total
exerted influence with the smallest (r) value of
3.187. Culture and community in every town is in
direct relation with resident people and

TRC SAK HAS
2.357]
1.500
1.500
2214
2.143
2.357
0.000 |
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employment structure in that town. It is quite
natural that employment of local work force has
the most total exerted influence. On the other
hand, since protecting the rights of the future
generations are determined based on other factors,
it has the least total exerted influence relative to
other impacting factors. The results obtained show
that local satisfaction and the impact on the
regional culture have the most total received
influence impacting factors, whereas being
strategic in energy is the least total received
influence. Rich mines in different parts of Iran
have positive and negative effects on the culture
and local satisfaction. This total received
influence causes effects on the social life of
people where this impact is considerable.
Protecting the rights of the future generations,
health and safety, and skills and knowledge, they
all express characteristic employment of local
work force. Due to internal relationships among
these factors, their total exerted influence and total
received influence values are close together.

As it can be seen in Figure 9, protecting the rights
of future generations, local satisfaction, and
impact on the regional culture are in the relation
group, with negative (r-c) values of -0.497, -
0.685, and -0.633, respectively (are effect factors),
and employment of local work force, being the
strategic in energy, skills and knowledge, and
health and safety are in the relation group with the
positive (r-c) values of 0.83, 0.741, 0.12, and
0.124, respectively (are cause factors).
Employment of local work force has the most
impact, and hence, is the most important among
the impacting factors, whereas being strategic in
energy has the least impact, and hence, is the least
important impacting factors.

Once more a threshold value of 0.510 is
established to draw a network relationship map.
This map is shown in Figure 10. The network
relationship map shows that protecting the rights
of future generations, local satisfaction, and the
impact on the regional culture have a total
received influence more than the other impacting
factors. In contrast, the being of the strategic in
energy is not influenced by the other impacting
factors. In this structure, local satisfaction, the
impact on the regional culture criteria are in two-
way communication with each other. Employment
of local work force affect itself.
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Table 9. Results of total relationships matrix for social impacting factors.

Impacting factors

r C r+c r-c

Employment of local work force

4445 3.615 806 0.83

Protecting the rights of future generations 3.187 3.684 6.871 -0.497

Being the strategic in energy
Local satisfaction
The impact on the regional culture

3.27 2529 5799 0.741
3373 4.058 7.431 -0.685
3421 4.054 7475 -0.633

Skills and knowledge 3.714 3.594 7308 0.12
Health and safety 3.581 3.457 7.038 0.124
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Figure 10. Structure of network relationships map for social impacting factors.

5. Conclusions

Mining activity is one of the most important
industries in many countries for economic growth
and social welfare. In contrast, many
environmental effects of mining such as water and
air pollution, soil erosion, various social, and
economic problems have led the sustainable
development to enter the mining sector. In the
modern mining, special attention is paid to the
sustainable development. This has led to obtain
more welfare and wealth in the industrialized
countries. Therefore, this paper evaluates the
importance and roles of factors for sustainable

development in underground coal mining using
the DEMATEL method. For this purpose, three
components of SD were divided into the twenty
effective impacting factors. The results show that:
e Environmental is the most total exerted
influence component, and social is the most
received  influence. = Moreover, the
environmental impact is the cause, and the
rest are the effect. Most impacts belong to
the social component, and hence, it is the

most important among components of SD.
e Forest protection has the most total exerted
and received influence among the
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impacting factors. Noise, forest protection
as well as energy and fuel are the cause
factors. Furthermore, forest protection has
the most impact.

¢ In the economic component, operating costs
exert the most influence on the others,
directly and indirectly, while rate of return
has the most total received influence. From
the causality viewpoint, capital expenditure,
operating costs, and share in domestic coal
production have the positive relation, and
thus they are the cause effects. On the other
hand, the most important factor is fixed
price with the highest value of impact.

e Employment of local work force has the
most exerted influence on the social
component, while local satisfaction and
impact on the regional culture have
received more influence than the other
factors. Employment of local work force,
being strategic in energy, skills and
knowledge, and health and safety are cause,
and the remaining parameters are effect.
Finally, employment of local work force
has the maximum impact and is the most
important among the impacting factors.
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