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Abstract. Systematic conducting energy surveys of power networks to identify a possible 

energy loss is the basis for energy saving and energy efficiency. In the paper, a preference 

aggregation based method is proposed to arrange the big data of instrumental investigations of 

auxiliary power consumption by substations of electric power distribution networks. This 

approach provides a compact integral ordinal scale estimate of substations’ energy 
consumption for own needs, which can provide a rapid decision making and visualization. 

Application of the proposed method for processing energy survey data of real backbone 

electric grids of Russia is discussed. 

1. Introduction 
The main task of conducting energy surveys is the calculation of electricity losses in electrical 

substations. International recommendations in energy efficiency require that in the process of 

electricity transmission in electric networks, losses should not exceed 4 % [1], however, the actual 

losses of main electric networks as a rule are not less than 10 %. Significant component of actual 

losses is the consumption of electric power for own needs by electrical substations [2,3].   

    Traditionally, an analysis of energy audit results is the work with a large amount of unstructured 

data [4] that is difficult to systematize and fully take into account. The paper objective is to solve the 

problem on the base of preference aggregation approach, which will enable efficient data compression 

preventing loss of useful information and provide clear visualization of energy audit results. 
     

2. Preference aggregation 

Let a set  = {1, 2, ..., m} of m rankings of n objects of a set  A = {a1, a2, ..., an} be given. Each 

ranking is in the form of a chain and specifies a preference relation k = (a1  a2...~ as ~ at  ... ~ an) 

over the set A. The preference relation  is a union of two relations: a strict preference relation , i.e. аi 

 аj, and indifference (deemed as equivalence) relation , i.e. аi ~ аj, that is  = . We shall refer to 

the set of rankings Λ as the preference profile for given m and n. 

To aggregate m preferences specified over a set of n objects means to determine a unique 

preference relation  called the consensus ranking, which provides the best compromise among the 

rankings of the initial profile. The treatment of the concept “best compromise” is defined by the 

preference aggregation rule used to find the consensus ranking. 
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In this work we will use the Kemeny rule [5,6] consisting in determination of such linear order 

(Kemeny ranking)  of objects that the distance D(β, ) (defined in terms of the number of pairwise 

inconsistencies between the rankings) from  to the rankings of the initial profile  is minimal for all 

possible linear orders (permutations) of the objects.  

The Kemeny rule assumes the existence of a nonunique consensus ranking: the number N of 

optimal solutions found by this method can exceed 10
7
 even for small m = 4 and n = 15 [7]. To 

implement a convolution of the set of optimal solutions  = {1, 2, …, N} to a single final consensus 

ranking fin we will use the following condition: if a number of realations ai  aj equals to a number of 

relations ai  aj in all consensus rankings, then ai ~ aj in the final consensus ranking fin; otherwise in 

the final consensus ranking fin there will be included one of relations ai  aj and ai  aj, which is 

encountered more frequently in the optimal solutions.  

To determine the Kemeny rankings we will use the recursive algorithm of our own design 

RECURSALL, implementing the branch-and-bound technique, allowing to find all possible Kemeny 

rankings for a given initial preference profile [8].  
            

3. Decomposition of preference profile 

When applying the Kemeny rule, it should be taken into account that the problem of finding the 

consensus ranking is NP-complete, i.e. having an exponential growth of the solution time as a function 

of the dimension n = |A| of the problem [8]. Notice that, at problem dimension n ≤ 20 suitable for 

practical application, the RECURSALL algorithm allows to find all exact solutions within a 

reasonable time about several milliseconds. In situations where n > 20, one should resort to 

partitioning the set A into disjoint subsets Ai, i.e. A = A1  A2 … Ak, 

1

k

i

i

A



 , where |Ai| ≤ 20, i = 

1, …, k.   

The operation of partitioning the set A results in the decomposition of the preference profile , 

thereby transforming its structure from linear to two-level one, and under multiple repetition of this 

operation the structure becomes hierarchical one. Consensus rankings βi found over the set Ai will be 

included into the profile of higher hierarchy level, for which a consensus ranking can also be found. 

The process continues until the highest hierarchy level is reached. 

 

4. Data analysis of real energy surveys 

The Kemeny rule and the RECURSALL algorithm were used as the basis for the method for 

analyzing energy survey data of Backbone Electric Grids (BEGs) of Russia with help of preference 

aggregation technique. The Unified National Electric Grid of Russia includes eight BEGs, which in 

their turn consist of the Enterprises of Backbone Electric Grids (EBEGs), each of which unites a large 

number of substations. 

The initial data for the method were contained in extensive tables of the values of the standard 

auxiliary expenses (SAE) of the substations [9]. The data were obtained during the energy survey of 

the BEGs of Russia and provided by the public company “Federal Grid Company of Unified Energy 

System”. The structure of the SAE contains 9 main components: heating of buildings (λ1), lighting of 

buildings (λ2), lighting of the territory (λ3), cooling of the transformers (λ4), heating of existing 

equipment (λ5), charging devices (λ6), communication equipment and telemechanics (λ7), ventilation 

and air conditioning of buildings (λ8) and other expenses (λ9). 

Since in many cases the number of substations n exceeded the upper permissible limit of 20 (see 

Section 3), we divided the substation sets into subsets (clusters) based on their close geographic 

location. This was justified by the need to analyze the consumption of resources by substations 

operating under similar climatic conditions [10]. 

The main stages of the method are as follows: 
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1) shaping the set substations A = {a1, a2, …, an}, the SAE of which should be analyzed;   

2) forming the preference profile Λ = {λ1 ,…, λm}, consisting of m rankings of n substations for 

each of the components (attribute) SAE; pair of substations ai and aj will be in a binary 

relation ai  aj or ai  aj, or ai ~ aj by the attribute λk, if the corresponding pairs of SAE values 

vi and vj consist in a binary relation vi < vj or vi > vj, or vi = vj by the same attribute λk 

respectively; 

3) finding the consensus rankings B = {β1, …, βN} for the profile Λ by the rule of Kemeny;  

4) determination of the final consensus ranking βfin by convolution condition (see Section 2). 

In order to demonstrate an application of the proposed method to real data, let us consider a set of 

substations located in Arzamas area: Arzamasskaya (а1), Bobylskaya (а2), Lukyanovskaya (а3) and 

Luch-500 (а4). This set of substations belongs to the EBEG "Nizhegorodskoye" along with other areas 

located around the settlements Nizhny Novgorod, Poretskoe and Saransk. Near the cities of Arzamas 

and Saransk there are located four substations, near Nizhny Novgorod are 11 substations, near 

Poretskoe five substations. The values of the SAE for all attributes of four substations in the Arzamas 

area are reduced in Table 1. 
 

Table 1. The SAE of four substations in the Arzamas area, 10
3
 kWh. 

Substation, 

n = 4 
λ1 λ2 λ3 λ4 λ5 λ6 λ7 λ8 λ9 

а1 449.28 9.73 95.92 1689.2 777.63 132.80 52.50 3.25 4.15 

а2 351.07 8.23 10.00 137.4 104.55 44.16 106.16 2.67 4.43 

а3 20.553 5.512 6.00 225.24 26.118 44.16 0 14.11 20.88 

а4 915.46 21.22 24.0 1159.8 370.8 132.8 52.5 65.32 329.78 

 

Figure 1 shows the location of the set of substations А = {a1, a2, a2, a4} in the Arzamas area, the 

preference profile  = {1, 2, ..., 9} constructed for the set А, and the resulting consensus ranking βfin 

= {a3 ≻ a2 ≻ a1 ~ a4} found for the preference profile  using the RECURSALL algorithm. Figure 1 

also provides a convenient visualization of the profile , in which the position (rank) ri of the element 

ai in the ranking j is represented by a saturation of green colour, where a less intense colour 

corresponds to the more preferable position of the element ai.  
   The result of application of the preference aggregation method is the identification of two 

substations a1 (Arzamasskaya) and a4 (Luch-500) in the Arzamas area, for which it is necessary to 

undertake measures to reduce the SAE. 

 

5. Conclusion 
It is suggested in the paper a method based on the preference aggregation for the analysis and 

visualization of energy survey data of main electric grids. The method makes it possible to identify 

sources of economically inefficient expenditure of energy resources and unjustified energy losses, to 

provide compression of large volumes of energy survey data without loss of essential information. The 

proposed method can be a convenient and promising tool for organizations engaged in energy 

consulting. 
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Figure 1. Example of set of substations А = {a1, a2, a2, a4}; corresponding preference profile  = 

{1, 2, ..., 9}; and the final consensus ranking βfin of the substations. Position ri (rank) of element 

ai in a ranking j is shown by the bloom as in legend. 

λ1: a3  a2  a1  a4  

λ2: a3  a2  a1  a4  

λ3: a3  a2  a4  a1  

λ4: a2  a3  a4  a1  

λ5: a3  a2  a4  a1  

λ6: a2 ~ a3  a1 ~ a4  

λ7: a3  a1 ~ a4  a2 

λ8: a2  a1  a3  a4  

λ9: a1  a2  a3  a4  

βfin: a3  a2  a1 ~ a4 

Preference profile  

Consensus ranking 

Map of Arzamas area 

Coloured visualization of profile  

r1 r2 r3 r4 
 Legend 

а1 

а2 

а3 а4 

Map data ©2018 Google 

http://www.iea.org/

