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ABSTRACT. In the present paper a principle of construction of the monitoring system of efficiency of functioning of 
the system of electro supply on its generalized indicator of efficiency is stated. The generalized indicators 
characterizing the efficiency of separate functions of the system of electro supply, the value and the order of ranking of 
weight factors of the generalized indicators are described. The computer program is created for monitoring ofthe 
system realization and indicators of a power consumption of the enterprise are studied. The createdprogram can be used 
as a tool oftheinternal and external energy auditof the enterprises, in the structure of monitoring of a power 
consumption in control system energy management. 
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I. INTRODUCTION 
 

One of the main function of a "smart network" is the control of the current condition of the system of electro 
supplyusingquick data from measuring and the account systems received by on-line measurement mode. The modern 
system of electro supply (SES) is the multifunctionalautomated system characterized by multiple indicators of 
functioning[1]. The estimation of efficiency of the modern SES with one criterion is becoming insufficient and biased. 
It is necessary to develop methods of estimation of efficiency for SES of the enterprise for complex inspection of these 
problems based onmulticriterialanalysis and to implement them at power inspections of the enterprise [2], [3]. Thus it is 
necessary to develop the standard generalized indicator of SES of an industrial objectcharacterizing possibilities ofSES 
on ensuring of these requirements [4]. The basic problem of creation for monitoring system of efficiency of SES of the 
enterprise is caused by impossibility of the account of all factors and indicators defining efficiency of functioning of 
SES and also insufficiency of possibilities of the used mathematical apparatus for complex estimation the state of SES 
in current time of power consumption [5], [4].  

 Efficiency functioningof SES is definedbasically by efficiency of transfer and by quality of the delivered 
energy, by elimination of the damaged elements and abnormal operating modes of SES. For complex estimation of the 
state ofSES of the enterprise the interconnected indicators of efficiencygeneralize and receive the unit factor defining 
possibilitiesof SES on maintenance of this indicator up to its ideal value. The main requirement of a choice of the 
efficiency indicators is possibility of measuring of the current value for this indicator in on-line modeby devices of 
systems of the account and measurements ofSESand also possibility of analytical treatment and integration of this 
indicator with others for obtaining of the uniform indicator characterizing overall performanceofSES of the enterprise 
[7], [8].  

 
II. THE THEORETICAL PART 

 
The block diagram of the definition of the generalized indicator of efficiency of SES is shown in Fig. 1. The 

general indicator forthe efficiency ofSESfor the enterprise is defined by integratingof two generalized indicators [9], 
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[10]: the effectiveness ratio of primarycircuitsof SES and the effectiveness ratio of functioning of secondary circuits of 
SES of the enterprise work (automatics, protection, the account and measuringand etc.). For universality all indicators 
are calculated in relative units. 

 
A. BLOCK DIAGRAM 

 
The generalized effectiveness ratio of a power part consists of four coefficients: the energetic coefficient; the 

quality coefficient; the coefficient of reliability of the primary circuits of SES andalso the loading factor of SES of the 
enterprise. The effectiveness ratio of functioning of the secondary circuitsof SES consists of two coefficients: 
thecoefficient of automation and the coefficient of energy account.  
 The generalized effectiveness ratio of SES is defined asthe sum of coefficients of the power part and the 
operating part of SESby the following formula 

,
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whereKiisthe effectiveness ratio of n-th possibilities of SEScharacterizingthe efficiency ofSES; αiis the weight 
coefficient of possibilities ofSES; i  isa number of place of the effectiveness ratio occupied in the general ranking.  
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Analyzing the degree of influence of the indicators characterizing modes of power consumption and efficiency 
of functioning of SES, groups of integrated coefficients,the order of ranking of the generalizedcoefficients and values 
of the weight coefficients of the generalizedcoefficients are defined. Taking into account the general number of 
coefficients and also that the general coefficient should not exceed1, the weight coefficient is accepted in the following 
values: 
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where Кen is the energetic coefficientcharacterizingthe efficiency of transfer of the electric power; Кqu isthe quality 
coefficientcharacterizingthe efficiency of SES on maintenance of the quality of electrical energy; Kre is the reliability 
coefficient of sourceof SES, the power parts ofSEScharacterizingthe trouble-free work; Kaut is the automation factor of 
SES characterizing the automation level of SES; Kac is the coefficients of the account energy characterizing the level of 
the controllable (accounting) energy in SES; Кl is theloading coefficient of SES of the enterprise.  

The energetic coefficient isdefined by multiplication of the energetic indicators of the power consumption, i.e. 
,enK K K    

where K  is the efficiency coefficientof SES by transfer energy; Kφ is the power factorof SES of the enterprise [11].  

The generalizedcoefficient of quality on the exit ofSES is defined by the following formula: 
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whereКsinis thecoefficient ofharmonicity, КΔU is the deviation coefficient of the voltage, Кsym isthe symmetry coefficient 
of the voltage defined depending on current value of the voltage on feedersof SES. 

 The deviation factor of the voltage is defined by counter measurements as follows 
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whereUav isthe average value of deviations of the phase voltage. 
The coefficientofharmonicity is defined by the following formula 
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whereUhh is thesum of the values of higher harmonicsV; i - is the number of harmonic. 
The structure of the harmonic and the operating values of the higher harmonics are defined by harmonious 

analyzers during power inspections [5].  
The symmetry coefficient of the voltage on the exit of SES is defined by the value of the voltage of the zero or 

the inverse sequence as follows 
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0
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whereUo is the voltage of thezero (or the inverse) sequences.  
The reliability ofSES depends on automation of the power consumption, regulation of parameters of the 

electricalenergy and also information security ofSES. Thus, the reliability of electrosupply is provided by teamwork of 
elements of theprimary and the secondary circuits ofSES.  

The reliability coefficient for the power supply ofSES,Krea.s, is defined by the following formula: 
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where Pp.a is thepower of consumers of SES having automated switching on the working reserve network; Рal.r is the 
power of the alternative energy sources ofSES, which has been not connected to theSES; Рre is thepower of consumers 
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connected through reserve networks or sources; Pto is the general power consumption of the enterprise; Pn.rvis the no 
reserved power consumption of the enterprise. 

The generalized effectiveness ratio of functioning of the secondary circuits ofSES, consisting of the automation 
coefficients and the electric power accountcharacterizing an overall performance of the secondary circuits ofSES is 
formulated. 

One of the basic results of automation ofSES is regulation of parameters of the electricalenergy in conformity 
with technology requirements of consumers. The basic requirement to automation of SES is the voltage regulation on 
nominal value and a power factor in standard value. The factor, defining the efficiency of regulation by automatic 
devices of SES, we define by relation of the current values of adjustable parameters of the electricalenergyby the 
following formula: 
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where∆Uav is an average deviation of the voltage on the exit ofSESby (8), Vn; cosφf is the current value of the power 
factor of the power consumption; ∆cosφf is the deviation of the current value of the power factor from standard value.  

Maintenance of the energy saving and energy efficiency of manufactures is impossible without the automated 
account and control. Therefore, the level of the account of the electric power on the enterprise is defined by coverage of 
consumers of the enterprise by system of the technical account of the electric power and also a share of commercial 
losses (not accounted) energy in general consumption of the enterprise. i.e. by the following formula 
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where ΣPta is the total value of the current indications of counters of the system of the technical account of the electric 
power, kW; ∆РΣ  is the total value of technical power losses calculated based on data of the system of the technical 
account of the electric power, kW; ∆Рkl-is the value of commercial power losses, defined on the basis of the given 
systems of the technical and commercial account system of the electric power, kW; Pka-operating value of the 
indication of the counter of the commercial account of the electric power. 

One of criterions of effective work ofSES of the enterprise is optimum loading of the energetic and the 
technological equipment [11]. Therefore, at monitoring the general loading of an electric equipment of the enterprise 
which is defined by the following formula also is supervised: 
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wherePop&Pflis the flowing and optimal values of the power consumption of the enterprise. 
 

III. THE RESULTS 
 

For realization of the offered technique the program «Efficiency of SES» is developed, the efficiency of SES 
and indicators of the power consumption of the enterprise is studied. The program «Admintools» is used  
forobtainingthe initial data by calculation of indicators of the efficiency ofSES. The file with data is automatically 
savedas a“Excel” format document and the program «Efficiency ofSES» reads these data and calculates the generalized 
indicators characterizingthe efficiency of modes of the power consumption of the enterprise (Fig.2). 
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Fig. 2.The curves of change of the generalized coefficients and the effectiveness coefficient of SES of the 

enterprise. 
 

IV. CONCLUSION 
 

The developed effectiveness ratio ofSES can be used in solutions of problems at carrying out the following 
actions on theenergy efficiency: 

- In power inspections of the enterprise [12] (internal and external energy audit); 
- In designing more effective systems of electro supply of industrial objects;  
- In structure of monitoring of the power consumption in a control system energy of the enterprises department;  
- In the efficient control on an energy departmentof the enterprises providing to the Chief power engineer of the 

enterprise obtaining scientifically groundeddecisions in the management by the energy departmentof the enterprises. 
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