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ABSTRACT:  

 A method has been developed for a 

comprehensive assessment of the efficiency 

of the functioning of the power supply 

system of industrial enterprises based on 

the method of normalizing indicators. The 

structural scheme for calculating the 

coefficients characterizing the energy 

efficiency of the power supply system of 

industrial enterprises has been determined. 

The developed method makes it possible to 

study in detail the possibilities of the power 

supply system of industrial enterprises and 

identify additional resources for energy 

saving. 

Keywords: energy efficiency, power quality, 

generalized index, correlation analysis, 

index normalization method, power supply 

system reliability, power supply system 

efficiency. 

 

 

INTRODUCTION: 

 To comprehensively and objectively 

evaluate the energy efficiency of industrial 

enterprises around the world, research is being 

conducted to create express analytical methods 

that can summarize energy efficiency indicators 

into a single indicator and, on this basis, more 

accurately determine the energy savings in 

production. In this direction, the priority is 

given to research, including the integration of 

efficiency indicators into a dimensionless unit 

and the rational development of the order of 

their sequence according to the level of 

importance. At the same time, one of the actual 

tasks is to determine additional possibilities of 

energy saving based on a complex analysis of 

power consumption at industrial enterprises 

[1,2].  

          The generalized power efficiency factor 

consists of three indicators: energy coefficient; 

power quality coefficient; power redundancy 

coefficient of the power supply system. The 
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power supply system's efficiency coefficient 

consists of two indicators: the coefficient of 

automation and the coefficient of information 

security. The economic efficiency of the power 

supply system is determined by the coefficient 

of capital efficiency. 

  
Fig.1. Efficiency coefficient of the power part of 

the enterprise power grid 

 The generalized coefficient of efficiency 

of the power supply system is determined by 

summing the coefficients of the power part and 

the control part of the power supply system 

according to the following formula:   

,
1





n

n
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 where Ki is the efficiency coefficient n of 

the power supply system capabilities, characterizing its efficiency; αi- the weighting 

coefficient of the power supply system 

capabilities; i- the number of the place occupied 

by the efficiency coefficient in the overall rating 

[3,4]. 

 Let's conduct a comparative correlation 

analysis of the indicators with each other and 

calculate the correlation coefficient to 

determine the degree of mutual influence of the 

indicators on the coefficient of efficiency of the 

power supply system of the enterprise [5,6].   

Table 1 Daily power consumption by LLC 

EVROSNAR 

measuring 

period K(en) К(qua) К(red) К(epss) 

8 0,8 0,93 0,93 0,96 

9 0,8 0,92 0,97 0,96 

10 0,84 0,93 0,98 0,97 

11 0,84 0,94 0,96 0,97 

12 0,79 0,92 0,97 0,95 

13 0,79 0,92 0,98 0,95 

14 0,8 0,93 0,97 0,96 

15 0,79 0,9 0,95 0,95 

16 0,8 0,93 0,98 0,96 

17 0,79 0,92 0,95 0,95 

18 0,8 0,93 0,97 0,96 

19 0,8 0,93 0,96 0,96 

20 0,8 0,93 0,97 0,96 

21 0,8 0,93 0,96 0,96 

 

 Where, К(en)-energy coefficient, К(qua)-

coefficient of quality of power supply system, К(red)- regulation (automation) coefficient, К(efficiency of PSS)- efficiency of the power 

supply system 

 
Fig.2. Correlation plot of the studied pairs 
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 Let's calculate the correlation coefficient 

for the compared pairs: 

Ken-Kepss, the correlation coefficient - 0.89. 

Kqua- Kepss, the correlation coefficient - 0.76. 

Kred- Kepss,the correlation coefficient - 0,15. 

 As can be seen from the calculations, the 

most interrelated indicators are the energy 

coefficient and the coefficient of efficiency of the 

SES, followed by the quality coefficient and the 

coefficient of regulation[7,8]. 

 Based on the correlation analysis of the 

indicators, the ranking order is compiled. The 

weighting coefficients were calculated by the 

Fishburn formula. 

 

 

 

(2) 

 

where: α- weighting coefficient for the ith 

indicator; i- number of performance coefficient 

place, n- total number of indicators. 

            Let us determine analytically the 

expression of the generalized indicator: 
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 where: Кэн - Coefficient of energy, which 

characterizes the efficiency of electricity 

transmission; Ккач- Coefficient of quality, which 

characterizes the efficiency of the power supply 

system to ensure the quality of electricity; Кнад-

Coefficient of power supply system redundancy, 

which characterizes the uninterrupted 

operation of the power supply system; Кавт- 

coefficient of power supply system automation, 

which characterizes the level of power supply 

system automation; Куч--coefficient 

characterizing the level of information security 

      To comprehensively and objectively evaluate 

the energy efficiency of industrial enterprises 

around the world, research is being conducted 

to create express analytical methods that can 

summarize energy efficiency indicators into a 

single indicator and on this basis more 

accurately determine the energy savings in 

production. In this direction, the priority is 

given to research, including the integration of 

efficiency indicators into a dimensionless unit 

and the rational development of the order of 

their sequence according to the level of 

importance. At the same time, one of the actual 

tasks is to determine additional possibilities of 

energy saving based on a complex analysis of 

power consumption at industrial enterprises. 

 Analyzing the degree of influence of 

indicators characterizing modes of electricity 

consumption and efficiency of the power supply 

system of industrial enterprises, the groups of 

integrated indicators, ranking order of 

generalized indicators, and values of weighting 

coefficients of generalized indicators are 

determined.  

 The order of ranking the generalized 

indicators and the values of the weight 

coefficients are determined based on the 

methods of "averaged expert evaluations", 

"method of ranking the criteria by the degree of 

importance" and "analysis of hierarchy MAI" 

and Fishburn formula. To begin with, let us 

make a correlation matrix:  

 

Table-2 Correlation matrix for the studied 

methods 

 Method 1 Method 2 Method 3 Method 4 

Method 1 1 0,992 0,99 0,992 

Method 2 0,992 1 0,996 0,996 

Method 3 0,99 0,996 1 0,996 

Method 4 0,992 0,997 0,996 1 

 

 The results of the analysis of the 

indicators and comparison of these methods are 

shown in Fig. 2.  

 The correlation coefficients for all pairs 

fall within the range of ±0.7 to ±1. which 

indicates a high correlation dependence of the 

data obtained. This means that any of the above 
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methods can be used to assess the efficiency of 

the use of electricity in the enterprise. 

 Based on the analysis of the results, the 

method of ranking the criteria by the degree of 

importance was adopted, in which the value of 

weighting coefficients is determined by the 

Fishburne formula in the following form: 

    

     

(4) 

 where: α- weighting coefficient for the ith indicator; i- number of performance coefficient place, n- total number of indicators. 

 3
  

     Let us carry out a comparative correlation 

analysis of the indicators with each other and 

calculate the correlation coefficient to 

determine the degree of mutual influence of the 

indicators on the coefficient of efficiency of the 

power supply system.  

 The developed generalized indicators 

were used in energy surveys of industrial 

enterprises for a comprehensive study and 

identification of reserves to improve the 

electrical efficiency of the enterprise. In this 

case, the generalized indicator of the efficiency 

of the power supply system of the enterprise 

was determined by the formula (3). The results 

of the study are recorded in the final table-3. 

 

Table -3 Conducted research at LLC Evrosnar Сoefficient Кen Кqua Кre

d 

Кav Кia Кkv Кek Кud Кps

s 

Кepss 

During the 

energy audit 

0,8 0,93 0,6

6 

0,9

3 

0,5 0,5 0,8 0,9

6 

0,7

8 

0,82 

After 

implementat

ion of 

improvemen

t options 

0,97 0,96 0,7 0,9

8 

0,6

7 

0,6 0,8 1 0,8

7 

0,88 

% change +17 +3 +6 +5 +2

5 

+15 +2 +4 +1

0 

+7 

 

*The first line of the table shows generalized 

indicators obtained during the energy audit of 

the enterprise;  

** The second line shows the expected 

generalized indicators after the implementation 

of energy-saving measures; the third line shows 

the change in the generalized indicator as a 

percentage.    

  For automated calculation of 

generalized indicators developed an algorithm 

and a computer program "Program for 

calculating the generalized indicator of the 

effectiveness of the power supply system of an 

industrial enterprise. The information 

infrastructure that provides the initial data is 

shown in Fig. 3, the communication channel 

consists of a meter type, two modems type, and 

an acellular communication channel. At the 

request of the operator program "Energomer" 

(or Admintools) reads the data from the meter 

and transmits it through the communication 

channels to the computer in the form of a 

spreadsheet in the format of "excel". The 

developed program reads data from 

spreadsheets and static data, characterizing 

elements and schemes of the power supply 

system of the enterprise, and makes 

calculations of generalized indexes. 

  A summary index of power supply 

system efficiency is formed according to the 

readings of commercial (ASKUE) and technical 

(ASTUE) electricity meters (Fig. 3). PSS 
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efficiency is determined mainly by the efficiency 

of transmission, quality, and reliability of energy 

supplied elimination of damaged elements and 

abnormal modes of operation of the PSS. 

Interrelated indicators are summarized and get 

a single coefficient, which determines the 

degree of distortion of these indicators at the 

output of the power supply system. For 

universality, all indicators are calculated in 

relative units. 

 
Fig. 4. Information infrastructure for 

monitoring power consumption indicators 

 

The results of calculations of generalized 

indicators are shown in  Fig. 4. 

 Based on the results of the study 

formulated a generalized indicator of electrical 

efficiency of the enterprise to monitor the 

electricity consumption of the enterprise. It is 

very difficult to determine the generalized 

indicator of electrical efficiency of the 

enterprise in the online mode because it 

requires information that requires a certain 

period of operation of the power supply system. 

Therefore, the indicators that can be fixed by 

measuring instruments at a certain point in time 

are taken for monitoring.  

 

 
Fig.5. Calculation of data input and output form 
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 Given the above, we propose a 

generalized indicator of electrical efficiency of 

an industrial enterprise by the following 

formula:   

  





n
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 where: Kэн - energy coefficient, which 

characterizes the efficiency of electricity 

transmission in power supply systems; Kрег - 

coefficient of regulation of electricity 

parameters with the help of power supply 

system devices by; Kкач - power quality factor, 

Kз - coefficient of electric equipment load, 

determined by the following formula: 

,
Р

1
оп

топ
з

РР
К


                                                          

(7) 

where: Роп- optimal loading of electrical 

equipment;  

     Рт - the current value of a load of electrical 

equipment of the company.  

              

 One of the conditions for efficient 

operation of the power supply system of an 

enterprise is optimal loading of power and 

technological equipment. Therefore, the total 

load of electrical equipment of the enterprise is 

controlled during monitoring. 

 

CONCLUSION: 

1. A method of a comprehensive assessment of 

energy efficiency based on generalized 

indicators is developed. As a result, the 

definition of energy efficiency of the industrial 

enterprise is achieved based on a 

comprehensive automated analysis. 

2. The choice of ranking order of generalized 

indicators and values of weighting coefficients, 

taking into account their influence on the 

generalized indicator of energy efficiency in the 

enterprise is justified. As a result, the company 

has the opportunity to prioritize energy-saving 

measures. 

3. Developed a generalized indicator of the 

effectiveness of the SES enterprise with the 

method of relative normalization of 

performance indicators and summarizing them 

into a single coefficient.  As a result, the 

efficiency of electricity consumption at the 

enterprise is evaluated by a single index. 

4. An algorithm of automated calculation and 

computer programs for determining the 

generalized efficiency indicator of electricity 

use in industrial enterprises has been 

developed. As a result, enterprises will be able 

to conduct an express analysis to determine the 

need for energy research. 

5. An algorithm and a computer program have 

been developed to calculate the generalized 

efficiency indicator, which allows the energy 

monitoring of the enterprise's electricity 

consumption in the "online" mode. As a result, 

the enterprises were able to reduce the time of 

energy inspections by 10% and total costs by 

7%. 

6. Recommendations for improving the energy 

efficiency of the enterprise developed based on 

the results of comprehensive studies of 

electricity consumption indicators allow 

additional reduction of energy losses by 2 - 3%. 

As a result, the enterprises make full use of 

energy-saving opportunities. 

7. The developed express-method of complex 

research of electric power use efficiency was 

used in the development of energy-saving 

measures and energy inspections of the 

enterprises of Uzbekistan country, Bukhara 

region, which allowed reducing the cost and 

terms of these inspections within 7-10%. 
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