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Abstract. Mining and processing enterprises are large consumers of electricity, with a large share 
of energy costs in the cost of production. Thus, the price of electricity in the cost of production 
takes higher values for Hydrometallurgical Plant 1. In this regard, the development of energy 
consumption models that can be used as a basis for managing the energy consumption process is 
an important component of learning. It is important to analyze the energy consumption to estimate 
the electricity consumption under different operating conditions of the mining industry. In order 
to study and plan electricity consumption and develop methods for regulating electricity 
consumption, it is necessary to determine the place of each technological stage in the energy 
consumption balance [1]. This article examines the laws of electricity consumption in mining and 
processing enterprises. The study of such laws helps to determine the level of energy consumption 
management for the mining and processing plant. 
Keywords: power consumption, processed ore, mining, geological factors.. 

1. Introduction 

Electricity consumption of mining and processing enterprises is a random process determined 
by temporary, mining, technological, production and other factors. In the study of energy 
consumption, the time factor can be taken into account by discretizing the time periods in which 
energy consumption occurs, in particular: hour (half hour), shift, day, quarter, year. Geological 
factors can be taken into account by examining power consumption based on the types of ores 
processed. Technological factors can be taken into account when studying electricity 
consumption, differentiating it according to different technological stages. The production factor 
can be taken into account by studying the power consumption depending on the production load 
of technological equipment, processing stages and production facilities [1]. 

Taking into account the probabilistic nature, the analysis of statistical materials on energy 
consumption modes should be carried out using the rules of probability theory and mathematical 
statistics; 

The following were obtained as preliminary statistical data on the modes of energy 
consumption in the studied enterprises: 

1. Hourly values and volumes of energy consumption modes of gold ore processing combined 
with energy consumption of technological units of ball mills in the 1st stage of grinding at the 1st 
hydrometallurgical plant [3]. 

2. 1-Data on the operational calculation of the daily values of electricity consumption of the 
hydrometallurgical beneficiation plant and the production indicators of the processing processes 
(grinding, grinding, flotation, dewatering) combined with them. 

3. 1-Statistical report data on monthly values of electricity consumption for hydrometallurgical 
processing enterprises and production indicators combined with them (volume of processed ores, 
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production of concentrates, granules, briquettes), as well as granule preparation plant and hot melt 
shop. 

Measurement of power consumption modes was carried out using a metrologically approved 
AR-5 power consumption analyzer. 

The initial samples of statistical materials were formed in sufficient size to obtain statistical 
conclusions with a confidence probability of at least 0.90-0.95. 

Experimental studies are planned with the requirement to take into account the effect of 
different ores on energy consumption modes in the study of energy consumption modes and 
processing stages of the 1st hydrometallurgical beneficiation plant [2]. 

2. Study of energy consumption modes of technological devices and processing stages of 
enrichment production 

As studied energy consumers, technological units of grinding mills at the 1st stage of grinding, 
whose energy consumption is up to 60 % of the capacity of the processing plant, were taken. 

Electricity consumption modes are characterized by total energy consumption for ore 
processing, as well as specific energy consumption per unit of processed ore (tons). 

Information on total and relative energy consumption and related ore processing volumes by 
technological units of mills M0, M2, M3, M4, M5 (the Ml mill is under repair) at the 1st 
hydrometallurgical plant made it possible to obtain data. 

The obtained data made it possible to compile the combined variable series of total and specific 
energy consumption, as well as the volume of processed ores [3]. 

Analysis of the obtained statistical material was carried out in accordance with the rules of 
probability theory and mathematical statistics. 

In order to describe the mode of energy consumption of technological units of mills, it is 
appropriate to consider the dependence of relative power consumption on production efficiency 
of mills, so-called energy-technological characteristics [6]. 

Examples of experimental point distributions of processing volume and specific power 
consumption for an MO mill are shown in Fig. 1. 

Examining the fields of correlation of experimental data on technological units of mills in the 
coordinates “Hourly volume of ore processing (𝑡) – hourly specific power consumption (kW/t)” 
shows that the statistics between these indicators the relationship can be described by a function 
[1]: 𝑦 = 𝑎 + 𝑏𝑥, (1)

with a negative coefficient 𝑏. 
As a result of statistical data processing, the correlation dependences of the hourly specific 

electricity consumption on the hourly volume of processed ore of the mill were obtained. For mills 
M0, M2, MZ, M4, M5: (𝑄௉)𝜔 = 𝑓(𝑄௉). 

The obtained electro-technological characteristics of mill technological units have the 
following expressions for different types of ores: 

– Mill M0, Gold ore: 𝜔 = 14.08 − 0.08𝑄௣. 
– Mill M2, Gold ore: 𝜔 = 9.02 − 0.025𝑄௣. 
– Mill M3, Gold ore: 𝜔 = 14.41 − 0.07𝑄௣. 
– Mill M4, Gold ore: 𝜔 = 23.5 − 0.2𝑄௣. 
– Mill M5, Gold ore: 𝜔 = 16.93 − 0.1𝑄௣. 
The resulting correlations reflect the energy-technological operating modes of the mills and 

show the change in the hourly specific power consumption of the mills from the hourly volume of 
processed ore [7]. 

The obtained energy technology dependences have a very high correlation between the specific 
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power consumption and the volume of processed ore of the mills, which is confirmed by the 
correlation coefficient values in the range of 0.75-0.99. 

 
Fig. 1. Correlation field and correlation dependence 𝜔 = 𝑓(𝑄௉) for MO Mill (Gold Ore) 

3. Energy-technological descriptions of technological stages 

In order to distinguish the energy consumption modes of enrichment production, it is 
appropriate to consider the energy consumption modes of individual processing stages. According 
to the experimental study, daily values of total and specific energy consumption and statistical 
samples of relevant production indicators for technological stages – daily volumes of processed 
ore and resulting concentrate were obtained. 

As a result, variation series and correlation fields were obtained to determine the 
energy-technological characteristics of technological stages as a dependency [9]: 

– daily electricity consumption (kWh) from the daily volume of processed ore (𝑡) for crushing 
and crushing stages 𝑊 = 𝑓(𝑄௠); 

– daily electricity consumption (kWh) from the daily volume (𝑡) of the concentrate obtained 
for flotation and dehydration stages 𝑊 = 𝑓(𝑄௙௦); 

– relative energy consumption (kW*s/t) from the daily productivity of ore (𝑡) for crushing and 
crushing stages 𝜔 = (𝑄௠); 

– relative energy consumption (kW*s/t) from daily productivity (𝑡) for the production of 
concentrate for flotation and dehydration 𝜔 = (𝑄௙௦). 

A review of the correlation fields of statistical data on the total and comparative consumption 
of electricity, as well as production volumes, leads to the assumption that the sought relationships 
can have a linear form (1): for the relationships with positive values of the 𝑏 coefficient. total 
electricity consumption, with negative values of 𝛽 coefficients for dependence on specific 
electricity consumption [10]. 

The relationships under consideration were obtained for gold ores. Thus, electrotechnological 
characteristics - daily electricity consumption to the total daily volume of processed ore (grinding, 
grinding) and the daily volume of concentrate produced for different types of ores (flotation, 
dewatering) has the following expression: 

– For the technological stage of “grinding”: 𝑊௚ = 36935 + 0.39338 ∗ 𝑄௠. 
– For the “Mill” technological stage: 𝑊௠௜௟௟ = 1748𝐸2 + 1.752 ∗ 𝑄௠. 
– For the technological stage of “flotation”: 𝑊௙௟  = 95353 + 0.8543 ∗ 𝑄௙௟. 
– For the “dehydration” technological stage: 𝑊ௗ௘௛ = 41691 + 1.361 ∗ 𝑄௙௟. 
For gold ores, the electrotechnological characteristics of the daily specific energy consumption 

from the daily volume of processed ore (grinding, crushing) and the daily volume of the produced 
concentrate (flotation, dewatering) have the following expression: 
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– For the technological stage of “grinding”: 𝜔௚  =  26.321 − 0.0020 ∗ 𝑄௠. 
– For the “Mill” technological stage: 𝜔௠௜௟௟  =  127.07 − 0.0102 ∗ 𝑄௠. 
– For the technological stage of “flotation”: 𝜔௙௟ =  251.33 − 0.0976 ∗ 𝑄௙௟. 
– For the “dehydration” technological stage: 𝜔ௗ௘௛ =  105.62 − 0.0411 ∗ 𝑄௙௟. 
The obtained energy-technological descriptions of technological processes in the form of 

correlation equations have a strong enough correlation between the parameters included in them. 
It is advisable to use the obtained energy-technological characteristics for planning, 

operational management and reporting on energy consumption. Modeling of energy consumption 
of primary energy production of mining and processing enterprises 

3.1. Modeling of energy consumption of beneficiation production at a hydrometallurgical 
plant 

Increasing the level of energy management, incl. In order to increase the level of planning, 
operational management and reporting of electricity consumption, it is necessary to establish the 
energy-technological characteristics of the processing plant, which is the dependence of specific 
electricity consumption on the monthly volume of processed ore – processing 
energy-technological description of the plant is carried out on the basis of statistical materials on 
comparative energy consumption and monthly volumes of ore processing.𝜔 = 𝑓(𝑄௠௩) [8]. 

As a result of examining the correlation field of these factors (Fig. 2), we can conclude that 
there is a (1) type linear relationship between them. 

Using the rules of the theory of correlation analysis, the processing of statistical data on the 
exact monthly electricity consumption and the monthly volume of processed ore made it possible 
to obtain the relationship in the form of an expression, 𝜔 = 𝑓(𝑄௥௠), 𝜔௠ = 68.054 − 0.1062 ∗𝑄௠௩, here: 𝜔௠ – monthly specific power consumption of the plant, kW/t; 𝑄௠௩ – monthly volume 
of ore processing by the combine, thousand tons. 

As a result, the energy-technological characteristics of the plant are shown in Fig. 2. It is 
recommended to use this feature to increase the level of control of the power consumption process, 
including. while increasing the level of planning, operational management and reporting for 
energy consumption.𝜔 = 𝑓(𝑄௠௩). 

 
Fig. 2. Correlation field and dependence of enrichment 𝜔 = 𝑓(𝑄௥) 

3.2. Modeling of energy consumption by the main energy-consuming production facilities of 
the 1st hydrometallurgical plant 

In order to establish mathematical models of energy consumption regimes, modeling of total 
and specific energy consumption for the main energy-consuming production facilities of the 1st 
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hydrometallurgical plant was carried out. 
Analysis of statistical materials on monthly electricity consumption and related production 

indicators showed that the sought relationships can have a linear form like (1). 
As a result of the correlation analysis, dependences on energy technology with the following 

expressions were obtained: 
1) To crush the plant.  
– Full consumption: 𝑊 = 20.17 + 0.52 ∗ 𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 1893.8 −  14.76 ∗ 𝑄௣௥௢ௗ. 
2) For concentrator 1 (concentration) 
– Full consumption: 𝑊 = 4569𝐸2 + 11450 ∗ 𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 1195𝐸2 − 6221 ∗  𝑄௣௥௢ௗ. 
3) For concentrator No. 2 (enrichment) 
– Full consumption: 𝑊 = 2869𝐸2 + 27899 ∗ 𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 93413 − 3670 ∗ 𝑄௣௥௢ௗ. 
4) For concentrator No. 2 (filtering) 
– Full consumption: 𝑊 = 54065 + 2576.8 ∗  𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 11292 − 338.5 ∗  𝑄௣௥௢ௗ. 
5) For concentrator No. 3 (concentration) 
– Full consumption: 𝑊 = 4763𝐸2 + 16383 ∗ 𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 99731 − 3580 ∗  𝑄௣௥௢ௗ. 
6) For concentrator No. 3 (additional concentrator) 
– Full consumption: 𝑊 = 41696 + 8854.4 ∗  𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 22697 − 1081 ∗  𝑄௣௥௢ௗ. 
7) For granulation plant No. 3 (total for technology) 
– Full consumption: 𝑊 =  2699𝐸2 + 25536 ∗  𝑄௣௥௢ௗ. 
– Special consumption: 𝑤 = 64795 − 1398 ∗  𝑄௣௥௢ௗ. 
In above expressions – the volume of relevant production products 𝑄௣௥௢ௗ. 
It is recommended to use the obtained energy-technological properties to increase the level of 

energy consumption management, including. increase the level of planning, operational 
management and reporting of energy consumption. 

4. Conclusions 

Management of the energy consumption process should be based on laws that determine the 
consumption of energy resources (public and private), including for production. Among the 
mentioned laws, the electrotechnological energy nature of electricity consumption obtained in this 
chapter shows the dependence of electricity consumption on processed ores. 

Energy consumption regimes (electrical-technological characteristics) of the main production 
of mining and processing enterprises are reliably described by linear functions and depend on the 
type of production technological schemes and types of processed ores are used with coefficients 
that differ depending on the type of production. 

Taking into account the clear dependence of electricity consumption on the volume of 
production, it is desirable to increase the level of planning, operational management and reporting 
of electricity consumption in accordance with the schemes of electricity consumption defined in 
this article. The use of the main energy-consuming components, technological stages and 
electrical technological characteristics of the main energy-consuming sectors obtained in this 
article in planning, operational management and reporting on energy consumption increases the 
level of adaptation to production conditions and accuracy. and reliability of energy consumption 
process management. 

Technological factors in the production process of mining enterprises affect electricity 
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consumption. Solving the problem of describing energy consumption processes becomes more 
complicated due to significant changes in technological factors in production that affect electricity 
consumption. It is recommended to use probability theory and mathematical statistical methods to 
solve the problem. 
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