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Abstract. In article the analysis of electric power consumption and prob-
lems of power saving on coal mines are considered. Nowadays the share of
conditionally constant costs of electric power for providing safe working
conditions underground on coal mines is big. Therefore, the power effi-
ciency of underground coal mining depends on electric power expense of
the main technological processes and size of conditionally constant costs.
The important direction of increase of power efficiency of coal mining is
forecasting of a power consumption and monitoring of electric power ex-
pense. One of the main approaches to reducing of electric power costs is
increase in accuracy of the enterprise demand in the wholesale electric
power market. It is offered to use artificial neural networks to forecasting of
day-ahead power consumption with hourly breakdown. At the same time use
of neural and indistinct (hybrid) systems on the principles of fuzzy logic,
neural networks and genetic algorithms is more preferable. This model al-
lows to do exact short-term forecasts at a small array of input data. A set of
the input parameters characterizing mining-and-geological and technologi-
cal features of the enterprise is offered.

1 Introduction

The coal branch is one of the most power-intensive in economy of Kuzbass. The consumption
of boiler-furnace fuel is more than 9%, heat power is more than 19% and electric power is
about 23% of all consumed energy resources by the region.

At coal enterprises in underground coal mining the share of the conditionally constant
component of power consumption (ventilation, dewatering, lifting, compressor installations,
etc.) is large [1]. In some mines, the share of these consumers accounts for more than 50%
of all consumed electricity (Fig. 1).
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Fig. 1. The electric power consumption on technological processes of the coal mine.

Along with the increase in power consumption for the main technological processes, there
is a constant increase in power consumption for drying and ventilation of mine workings
(Fig. 2). This is due to the deterioration of mining and geological conditions of underground
coal mining.
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Fig. 2. The dynamics of power consumption in various parts of the coal mine.

The price and tariff policies that have changed in recent years in relation to energy re-
sources and the increase in specific power consumption, have led to a significant increase in
the energy component of the cost of production. For some mines, the energy component of
the cost of production reaches 18-22%. Analysis of the cost of coal mining shows that the
energy component is uneven throughout the year, but has a pronounced seasonal character
(Fig. 3). Maximum falls on the autumn and winter period. This is due to increased fuel con-
sumption in own boiler houses and increased power consumption during this period (boiler
equipment, heaters, lighting, etc.).
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Fig. 3. The change of the energy component of coal production costs.

The long-term program of development of the coal industry of Russia until 2030, along
with other purposes, provides for ensuring of competitiveness in the markets, primarily by
reducing the cost of coal mining and processing. Experience shows that with the energy com-
ponent in the production cost of more than 10%, energy-saving measures are required. How-
ever, at present power saving in the coal industry is not going to be intensive enough. Nev-
ertheless, the power saving potential is high and amounts to 15-30% of annual consumption
in the complex solution of power saving problems [2, 3]. It means that saving fuel fuel and
energy resources in coal mines requires serious attention.

2 Materials and Methods

When considering the problems of energy resources saving in coal mines, the following main
areas should be singled out:

boiler-furnace fuel saving;

thermal power saving;

electric power saving;

— other measures that increase the power efficiency.

In this article, measures aimed at boiler-furnace fuel saving and thermal power saving, as
well as other measures related to the change in the technology of coal mining and processing,
are not considered.

Let us dwell on the main directions of electric power saving. In electric grids of coal
mines, consisting of branched transmission lines, transformers, electric machines and appa-
ratus, up to 20% of the consumed electric power is lost. This is due to many reasons, including
the irrational construction and operation of networks in suboptimal mode. It is caused by the
deviation of the actual state of production from the design state. This is expressed in the
deviation of the centers of electrical loads from the places of installation of transformers, the
overloading of some lines and the underload of others, the lack of optimal reactive power
compensation, and the reduction of electric power quality. As a result, in the networks of coal
mines there are significant power losses. Experience has shown, only the elimination of the
above shortcomings through the holding of different technical measures will reduce the
power losses by half.

Another important direction in reducing of electric power costs is the forecasting and
monitoring of electric power consumption.
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Enterprises through their energy sales organizations participate in power trading on the
day-ahead market and the balancing market [4]. Day-ahead market assumes that the price for
electric power is determined by the consumer demand and the proposal of suppliers during
the auction. The balancing market plays the role of a mechanism that ensures a balance be-
tween supply and demand with possible deviations in the production and consumption of
electric power from the forecasted parameters the next day. In the event of a deviation of the
actual electric power consumption from the application, the electric sales organizations either
sell surpluses or purchase the missing electric power in the balancing market. This is unprof-
itable for enterprises, as the prices of the balancing market take into account the need to cover
the costs associated with the redistribution of electric power.

As the installed power of the electric receivers is much higher than 670 kW, for the mines
there is a choice from the third to the sixth price category. This requires the provision of an
hourly demand for electric power consumption for the next day.

Analysis of costs associated with the acquisition of electric power, shows that the enter-
prise can actually reduce the cost of electric power by changing the planned electric power
consumption and reducing the deviation of actual consumption from the declared. In other
words, this is achieved through a more accurate prediction of electric power consumption for
the day ahead.

Elimination of power losses in case of deviation of actual consumption from planned
consumption is possible due to strict limitation. In this case, the power consumption is limited
when approaching the planned value. Also, the elimination of power losses is possible due to
the use of forecasting methods based on analysis and consideration of all factors affecting on
electric power consumption. The first method in conditions of coal mines is practically diffi-
cult to implement, because there are electric receivers providing safe conditions under the
ground. Restriction of other energy-intensive consumers can lead to long-term destruction of
technological processes. In this case, economic damage can significantly exceed the possible
additional costs to acquiring of electric power in a balancing market.

At present, the demand for the electric power consumption is formed empirically.
It is based on previous experience, including the experience of the person responsible for this
direction. Adoption of optimal solutions in a complex rapidly changing environment requires
a high qualification of the person making the decision and the use of modern decision-making
methods. It should be noted that the specialists for predicting of electric power consumption
do not always have the necessary competences for optimal power management. At the same
time, many foreign companies have special power management services. In some countries,
such as the USA, Japan, etc., this is determined by law [5].

In general, the problem of optimal control of electric power consumption when working
in the day-ahead market is to provide an application for electric power under the influence of
various factors. As a criterion for optimization, the minimum of deviations of the actual and
declared power consumption (the minimum of the error of the application) is taken.

The forecast system should be a real-time system. It means that electric power consump-
tion has to be formed under the influence of various internal and external factors that change
in real time. The high dynamism and uncertainty of the impact make it necessary to quickly
solve problems, and sometimes even ahead of schedule. At the same time, the "control clock”,
that is, the time interval for forecasting is set by the requirements of the wholesale market
based on the hourly forecast for the next day.

Factors affecting power consumption can be divided into external and internal. External
factors affect electric power consumption, but these factors can not be influenced by the en-
tity (enterprise), for example, gas and water profuseness, depth and thickness of coal seams.
Internal factors arise from the activities of the enterprise. These factors change in order to
optimize electric power consumption (production volume, structural and technological fac-
tors, social and economic factors, etc.).
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To solve the problem of forecasting electric power consumption, traditional statistical
methods based on specific norms for electric power consumption and models based on expert
systems and artificial neural networks can be used [6-9].

Traditional statistical methods have the following disadvantages:

— direct participation of analysts at their application;

— complexity of calculations;

— inadequate forecast accuracy;

— the ability to apply only to a certain type of forecast;

— sensitivity to input parameters [10, 11].

Artificial neural networks are more preferable. In this case, there is no need to build a
consumer model and the operability is not lost with incomplete input data. Besides, artificial
neural networks have high speed and stability. It is preferable to use the configuration of
artificial neural networks of direct propagation (perceptrons) with learning by the back prop-
agation error method, even in spite of the slow convergence. Sometimes training of percep-
trons takes a several days. It is important to consider the number of hidden layers and neurons
in these layers. Low number of neurons provides poor training and malfunction. A large
number of neurons gives a long learning process. Then the network can not be suitable for
solving this problem at all. As a rule, the number of neurons in a hidden layer is determined
experimentally. For this, it is necessary to put several experiments with different network
configurations by the number of neurons in the hidden layer and compare the results of train-
ing [11-13].

3 Results and Discussions

The forecasting system based on an artificial neural network allows us to analyze groups of
electric power consumers taking into account poorly formalized and nondeterministic factors.
It allows to increase the accuracy of the forecast for electric power consumption.

The change in the level of electric power consumption is a nonlinear function and its
prediction needs to be made in real time. For these purposes, it is preferable to use neuron-
fuzzy systems, which belong to the class of hybrid systems. The fuzzy logic, neural networks
and genetic algorithms are the cornerstone of these systems. This model allows you to make
accurate short-term forecasts with a small amount of input data.

To increase the level of forecasting, it is necessary to divide all electric power receivers
into homogeneous classes in terms of technological parameters and power efficiency. In this
case, the architecture and factors of the artificial neural network (neural-fuzzy system) are
selected separately for each class.

It is necessary to solve two main tasks:

1. To carry out the analysis of structure of electric power consumption of the research
object.

2. To construct a predictive model of electric power consumption based on the data of
the analysis [15].

With a known coal production plan for the next period and factors characterizing the
mining, geological, and technological conditions of coal mining, a multifactor model based
on an artificial neural network (neural-fuzzy system) is adequate and acceptable for planning
of electric power consumption for a next day or other period.

To increase the level of forecasting of electric power consumption it is necessary to use
individual models characterizing the individual features of each enterprise.
It is also possible to carry out preliminary classification of mines by cluster analysis methods
taking into account mining, geological, and technological parameters that affect the level of
electric power consumption. However, the number of factors should not be large, since this
will lead to more complicated analysis and practical use of the results.
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For the selection of factors, the Delphi method was used. This method made it possible
to select five factors, which in aggregate fully characterize the size of enterprises, their tech-
nological, mining and geological features. In addition, the selected factors are easily deter-
mined both during the operation of the mine and at the stage of its design:

W — this parameter determines electric power consumption for mining, transport, lifting
and processing of coal at existing surface complexes, as well as the required power of the
electric drive of mining vehicles and machinery, t/h;

m — average dynamic thickness of the seams determines the choice of equipment for the
integrated mechanization and automation of coal mining, m;

O — water profuseness determines the number of pumping installations of the main de-
watering system and the power of electric motors, m*/h;

V' — gas content of layers determines the ventilation system, the number of fan units and
the power of their electric motors, m*/h;

H — depth of the mine determines the power and operation modes of the lifting installa-
tions, m.

4 Conclusions

Thus, the important direction of increase of power efficiency of coal mining is forecasting of
a power consumption and monitoring of electric power expense. One of the main approaches
to reducing of electric power costs is increase in accuracy of the enterprise demand in the
wholesale electric power market. To forecasting the day-ahead electric power consumption,
it is necessary to use artificial neural networks. When using artificial neural networks (neural-
fuzzy systems), along with informational and computational tasks (choice of neural network
structure, learning strategies, application of fuzzy inference strategy, etc.), it is necessary to
define a set of input parameters that determine the electric power consumption in the mine.
These factors should be presented and fully characterize the variety of conditions for under-
ground coal mining.

The order of construction of the economic-mathematical model is the following:

1. To identify a research object (the mine as a whole or a separate technological site).

2. To formulate the purpose of researches as minimizing deviations of actual and planned
values of electric power consumption.

3. Within the framework of the research object, to identify the structural and functional
elements that most significantly affect the achievement of the stated purpose.

4. To construct a mathematical model of electric power consumption in a coal mine.

5. To carry out calculations for the model and analyze the results. If the results are un-
satisfactory, the process of electric power consumption should be analyzed in more detail,
taking into account a wider set of factors.
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