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Abstract — The purpose of the study is an analysis of the
environmental safety performance at the local level (a coal
mining enterprise) and proposals for improvement of the
management decision support mechanism aimed at the
environmental safety improving. The results of the study of
theoretical and applied aspects of environmental safety
management process in relation to coal producers are presented,
the problems providing for the identification, the selection of the
methods for the calculation and estimation of environmental
safety indicators have been identified and solved. The basic
strategies to ensure environmental safety of the enterprise
depending on the existing environmental management system are
considered. The analysis of the major ecological and economic
indicators of a coal mining enterprise, which characterize the
state of its environmental safety, is conducted. The main result of
the study is the development of the proposals for improving the
management decision-making support mechanism aimed at
improvement of environmental safety of the coal enterprises,
including technical-technological and business measures. The
developed innovative proposals can be used to ensure the
environmental safety at various coal mining enterprises.
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impact, environment, environmental, safety performance,
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I. INTRODUCTION

The safety issue is an important area of activity of any
industrial enterprise. In the broad sense the security is a
condition in which there is no hazard chance or there is an
adequate protection [1]. Its level depends on potential hazards,
including anthropogenic (human activity) and natural
phenomena.

The management of natural emergency and its
consequences due to their scale can be implemented at the
national level only. In turn, enterprises may prevent and
eliminate the consequences of their economic activity,
therefore, a gradual process of the impact on the ecosystem
begins there.

For a coal operation, the ecological safety means the
condition of its production and business activities, which
presents no risk to the environment and a human, is adapted to
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the needs of people, and eliminates any risk to their health and
future generations.

Ensuring the environmental safety at a coal-mining
enterprise in most cases is implemented by means of technical
and technological measures. The value of organizational and
managerial solutions for the environmental safety significantly
increases in modern practice. Whereby the enterprise can be
regarded as a system consisting of a plurality of subsystems
including three interrelated environmental management levels:

* lower - the workplace;

» medium - workshops, production works, services,
departments;

« higher - the entire enterprise.

The efficiency of the environmental safety management
at every level determines largely the managerial efficiency at
the next steps. This is due to the fact that the costs required to
address the causes of danger at the local workplace is
significantly less than those required for the elimination of the
adverse effects on the level of the enterprise. Thus, the
environmental safety management in the company consists of
two main aspects - industrial safety management and
environmental management.

Environmental safety management system is created to
maintain such environmental and occupational characteristics
that meet the needs of people, do not threaten their health, the
environment and meet the long-term objectives of the
enterprise at all stages of the life cycle of products. Depending
on the degree of integration of occupational safety and
environmental protection, as well as the nature of the activities
for reducing the production risks, four strategies used by
industries to ensure environmental safety can be defined:

1. Occupational health and the environment protection
problems solved by extensive methods apart from each other
(use of personal protective equipment, installation of water
treatment facilities and equipment, the closed water circulation
cycles).

2. Occupational health and the environment protection
problems considered as interconnected and solved by
extensive methods (installation of ventilation systems and gas
cleaning and dust trapping equipment to meet the
requirements of occupational safety and environmental
protection)



3. Protection of workers and the environment carried
out using the preventive methods; the measures being aimed at
addressing only one of these problems (use of safe processes
and materials or the use of low-waste and non-waste
technologies).

4. Occupational health and the environment problems
considered as interconnected and solved by complex activities
of a preventive nature (use of safe processes and materials,
processing techniques, use of safe production-based low-waste
and non-waste technologies, including those organized using
the best available technologies) [1].

The purpose of the study is the analysis of the coal-mining
enterprise environmental safety indicators and proposals for
the improvement of the management decision support
mechanism aimed at its environmental safety improving.

Scientific novelty of the results of the work is to clarify
and develop the theoretical, methodological and practical
foundations for the studies of environmental safety
management process of the coal mining enterprise, expanding
the scientific beliefs on content and specifics of green
production management.

The developed proposals have practical significance for
the environmental safety of coal producers.

The object of the research is the environmental safety
management system of the coal-mining enterprises. The
subject of the research is to ensure the environmental safety of
the enterprise on the example of JSC "Open-pit Inskoy" on the
basis of a system of environmental and economic indicators.
This company makes all kinds of negative impacts on the
environment. To study this process, the statistical processing
of environmental data was carried out on the basis of reporting
forms:

e Ne 4-OS - Information on the current expenditure on
environmental protection and environmental payments;

e Ne 2-TP (air) — Information on air protection;

o Ne 2-TP (waterworks) — Information on water use;

e Ne 2-TP (wastes) — Information on production, use,
neutralization, transportation and disposal of production and
consumption wastes.

To assess the environmental safety of the enterprise, the
methods for the study of environmental and economic risks
were used, including ranking and interpretation of the range of
values of the most reliable environmental and economic
indicators.

SUBJECT OF RESEARCH

I1l. RESULTS AND DISCUSSIONS

The problem of environmental safety of the coal mining
enterprise has its own characteristics [2, 3], so the authors [4]
have developed the geoecological model of the coal mine
presented in Fig. 1.
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Figure 1. Generalized geoecological model of a coal mine

The first two levels shown in Fig. 1 form the first
geotechnological period (development of coal reserves in
accordance with the design), and the third one generates the
second period, which means the pit closure and the further
period of the former mining dump existence.

This geo-ecological model of a coal mine justifies the
need for the adequate assessment of efficiency of
environmental safety management process, the algorithm of
which can be divided into several stages (Figure 2).
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4. Development of proposals
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Figure 2. The algorithm for the assessment of the
environmental safety management efficiency

At the first stage, the calculation of the basic
environmental safety parameters is appropriate [5, 6].

The second and third stages include the assessment and
the calculation of environmental safety parameters as well as
the interpretation of the results. The final stage of the
algorithm is dedicated to the development of proposals for
improving the management decision support mechanism
aimed at the improvement of the environmental safety of coal
producers [7].

To assess the environmental safety, it is appropriate to
calculate the environmental and economic indicators presented
in Fig. 3 characterizing most clearly the company losses
associated with the adverse effects on the environment
[8, 9, 10].

Economic damage caused by the
environment pollution ) - y
P Coefficient of economic damage
1 compensation
Pollution fee
—]
t Percentage of excess pollution fee
- | —]
Excess pollution fee

Figure 3. Interrelation of basic and economic indicators of an
enterprise



Basing on the proposed algorithm, the first stage
determines the system of the studied environmental and
economic indicators depending on the available information
base and the required input data reliability degree. The
economic damage caused by environmental pollution is
identified with the economic losses caused by adverse
anthropogenic impact on the environment. The charges for
negative impact on the environment (pollution fee) present
mandatory payment for all enterprises and institutions engaged
in emission of pollutants into the atmospheric air; discharge of
pollutants and other substances and microorganisms into
surface water, ground water bodies and catchment areas;
industrial and consumer waste disposal.

The coefficient of economic damage compensation, which
is calculated as the ratio between the pollution fee and the
economic damage caused by environmental pollution, reflects
the level of reduction of the harmful effects. It is the main
indicator of environmental and economic sustainability of the
enterprise, which must be set to > 100%. The share of the
excess pollution fee in the total value characterizes the excess
of the established waste emission, discharge or disposal limit
and from the perspective of environmental safety should be set
to 0. In addition, some authors propose to introduce an
indicator such as specific pollution fee charge, determined by
the ratio of the total pollution fee to the production volume or
other enterprise performance indicator, for evaluating the
environmental component of enterprises’ activity. The specific
fees for negative impact on the environment, water
consumption and the use of other material and labor resources
can be used for the evaluation of the best available
technologies.

Table 1 shows the dynamics of the basic environmental
and economic performance of JSC "Open-pit Inskoy" [8].

Table 1. Basic environmental and economic performance
of JSC "Open-pit Inskoy"

Table 1 shows the damage caused by production and
consumption waste disposal (2332.35 thousand rubles in 2013
and 2479.67 thousand rubles in 2014) has the maximum value
in the total economic damage amount. If we consider the
dynamics of economic losses in 2014 compared with that of
2013, it was an increase in environmental pollution in all
components (air pollution - by the 18 thousand rubles or by
3.1%, water pollution - by 368.32 thousand rubles, industrial
waste and consumption disposal - by 147.32 thousand rubles
or 6.32%). As a result of the overall increase in economic
losses amounted to 533.64 thousand rubles or 18.32%.

The pollution fee in 2014 compared with 2013 decreased
by 9.17 thousand rubles or by 7.64%; the water pollution fee
appearing in 2014 (2.55 thousand rubles).

The hazardous eco-economic factor is that the company
has a high proportion of excess pollution fee that adversely
affects its financial results. In particular, in 2013 this figure
was 88.73% and in 2014 - 69.54%. Considering the individual
environment elements, the maximum percentage is observed
in air pollution and production and consumption waste
disposal in 2013 (respectively 86.46% and 93.27%). In
addition, there is the pollution of water bodies with the high
proportion of excessive pollution fee in 2014 - 45%.

The important integrated environmental-economic
indicator is the coefficient of economic damage compensation,
which has a maximum value in air pollution (13.76% in 2013
and 12.71% in 2014). The situation of pollution of water
bodies and production and consumption waste is even less
favorable, in particular, the indicator for contamination of
water bodies in 2014 is 0.69% (in 2013 there was no water
pollution), production and consumption waste - 1.72% in 2013
and 1.3% in 2014. In general, taking into consideration all
environment elements, this ratio amounted to 4.12% in 2013
and 3.22% in 2014. The economic damage compensation
factor allows making a conclusion that the environmental
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Indicator me;JS:irtet;:em 2013 2014 management of the enterprise is not efficient enough.
Economic damage caused by the o rubles | 291366 | 34473 To assess the environmental safety, the environmental and
environment pollution, including: economic risk study methods [11, 12] can be used and the
Alr pollution : thousand rubles | 581.31 | 599.31 following differentiated range of values of the most reliable
Contamination of water bodies thousand rubles 0 368,32 . LT .
Production and consumption waste thousand rubles 2332.35 2479.67 environmental and economic indicators is proposed (Table 2)-
disposal
Pollution fee, including: thousand rubles | 120.10 | 110.98 Table 2. Range of values of some environmental and
Air pollution thousand rubles 80.01 76.18 economic indicators
Contamination of water bodies thousand rubles 0 2.55
Production and consumption waste thousand rubles 40.09 32.20 Range of values Percentage Coefficient of economic
disposal of excess pollution fee, % damage compensation, %
Excess pollution fee, including: thousand rubles 106.57 77.14 Allowable 0-25 More than 50
Air pollution thousand rubles 69.18 57.68 Limit 25-50 25 -50
Contamination of water bodies thousand rubles 0 1.17 Critical 50-75 5-25
Production and consumption waste thousand rubles 37.39 18.29 Unallowable 75 - 100 Less than 5
disposal
iy Of excess pollution fee % 8873 | 6954 In accordance with the proposed system of environmental
Air poliution % 86.46 75.72 safety evaluation the proportion of excess pollution fees
Contamination of water bodies % 0 45.88 corresponds to the unallowable range of values in 2013

i i 0, .y .

z{:’folgl"’” and consumption waste % 9327 | 5680 (88.73%), the critical range of values in 2014 (69.54%). If we
Coefficient of economic damage % 412 322 consider the separate elements of the environment, in 2013 all
compensation, including: figures correspond to unallowable range of values (there was
Air pollution % 13.76 12.71 . . f th bod In 2014. ai luti
Contamination of water bodies % 0 0.69 no contamlr_1at|0n of the water bo y). n , alr pollution
Production and consumption waste % 1.72 1.30 comply with  unallowable range of values (75.72%),
disposal



production and consumption waste disposal - the critical range
of values (56.80%), and water pollution - the limit range of
values (45.88%).

The economic damage compensation coefficient in general
for all environment elements for the entire study period can be
identified as corresponding to unallowable range of values. A
similar situation exists for contamination of water bodies and
production and consumption waste disposal, and air pollution
indicator corresponds to the critical range of values.

In general, the analysis of environmental and economic
indicators leads to the conclusion about the feasibility of the
activities aimed at the improvement of the environmental
safety management system of the enterprise, which is
particularly important for such sectors of the environment as
soil (production and consumption of waste disposal), in which
the economic damage amounted to 2332.35 thousand rubles in
2013 and 2479.67 thousand rubles in 2014. This conclusion is
further supported by the interpretation of the indicators
"Percentage of excess pollution fee" and "Coefficient of
economic damage compensation”, which in most cases
correspond to the unallowable range of values.

As it follows from Fig. 1, the final unit after the
interpretation of the calculated environmental and economic
indicators is the development of the proposals for improving
the management decision-making support mechanism aimed
at ensuring the environmental safety of the enterprise by
reducing the anthropogenic impact on the environment and
improving the technical and economic performance.

One of these management decisions derived from the
analysis of economic damage structure, which showed that the
maximum economic damage is caused by the waste of the 4th
class of hazard (mainly ash and slag waste from the boiler
plants) - 2324.19 thousand rubles in 2013 and 2424.32
thousand rubles in 2014. For this reason, the processing of
slag waste to produce building materials is proposed. The
problem of disposal of ash and slag waste (10-15% of the
processed coal input) produced by industrial solid-fuel boiler
plants is quite relevant [13, 14].

Ash wastes are the source of increased environmental
hazards, and have a negative impact on the population (health)
and the environment, as well as the cause of the alienation of
land, which is almost permanently withdrawn from the use.

Another solution is the use of the accelerated depreciation
rate for fixed production assets in order to reduce pollution
fees. This solution will permit:
to accelerate the process of updating the active part of
basic production assets of the company;
to accumulate the sufficient funds (depreciation
allowance) for the production modernization and
reconstruction in order to reduce the anthropogenic impact on
the environment;
to avoid moral and physical deterioration of the active
part of basic production assets in order to maintain them at a
high technical level, creating good basis for the gain in
production, the improvement of production quality and its cost
reduction.
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It's estimated that the increase in equipment depreciation
by 0.1 - 1.0% leads to the reduction of negative impacts on the
environment up to 10%.

The significant source of air emissions at the plant is the
outdoor coal storage with a capacity of 50 thousand tons of
coal, which causes the significant economic damage, without
taking into account the implicit losses associated with the
deterioration of the stored coal consumption indicators, and
more severe working conditions of workers.

In connection therewith it is proposed to convert the
outdoor coal storage into the indoor structure, which has the
following advantages:
compactness;
full mechanization of rehandling operations;
the ability to use the storage as the metering
compartment;

coal protection from wind and precipitation;

coal loss free rehandling conditions.
The conceptual proposals are the introduction of
environmental management system — the part of the general
management system that includes the organizational structure,
activity planning, allocation of responsibilities, practical work,
as well as the procedures, processes and resources for
developing, implementing, assessing the progress of
implementation and improvement of environmental policies,
goals and objectives.

The environmental management system enables an
organization to structure, to tie together the processes aimed at
achieving the continuous improvement, the desired degree of
which is defined by the organization itself, depending on the
economic and other conditions [15, 16, 17].

For the open-pit coal mining enterprises or the coal
producers applying a complex scheme of coal mining, it is
advisable to use the innovative technology, aimed not only at
improving the blasting efficiency, but also at improving the
environmental safety by reducing emissions containing
nitrogen oxides [18].

The additional research attention should be paid to
various technologies for waste treatment and use in economic
turnover, proving their environmental and economic
efficiency, such as the innovative method of mined-out
working stowage, minimizing the negative impact on the
environment [19, 20, 21].

IV. CONCLUSION

The conducted study of the efficiency of the environmental
safety management system of JSC "Open-pit Inskoy" with the
aim to improve the management decision-making support
mechanism, led to the following conclusions:
the notion of environmental safety of the coal enterprises is
refined,;
the algorithm for the assessment of the environmental
safety management efficiency is developed;
the scheme of evaluation of basic environmental and
economic indicators of the coal enterprises characterizing the
level of its environmental safety is proposed and implemented:;



e the range of environmental and economic performance
values is proposed within the context of the methods for the
study of environmental and economic risks of the coal mining
enterprises;

the proposals for the improvement of management
decision-making support mechanism aimed at ensuring the
ecological safety of the coal-mining enterprises by reducing
the anthropogenic impact on the environment and improving
the technical and economic indicators are developed.
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