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Abstract. The paper addresses the structural and parametric formation of an intel-

ligent distributed energy system for a 0.4 kV local network section. The initial problem is 
that the individual selection of photovoltaic power plants and battery energy storage sys-
tems based on installed capacity or payback period does not account for the location of 
consumers within the network, the initial voltage profile, line and transformer loading, 
equipment placement constraints, or the need to provide backup power for critical loads. 
A method is proposed that includes the development of a calculation passport for the net-
work section, classification of consumers into functional groups, multicriteria selection of 
active nodes, determination of photovoltaic capacity and battery storage capacity, genera-
tion of alternative configurations, energy and operating condition verification, Pareto se-
lection, and final ranking using the TOPSIS method. The proposed method is distinguished 
by the sequential and integrated determination of participant roles and equipment parame-
ters within the local electrotechnical complex. The method was tested on an anonymized 
real 0.4 kV network section whose calculation topology comprises 33 consumer connec-
tion points. Non-zero hourly load profiles were available for 24 points. The calculation 
dataset comprises 10,409 hourly intervals, and the energy and economic indicators were 
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annualized. Of the 4,080 structural configurations, 24 remained after energy-based filter-
ing, 22 satisfied the adopted operating constraints, and 16 solutions formed the Pareto set. 
The first-ranked configuration comprises 12 active consumers, 147 kW of photovoltaic 
capacity, and 125.44 kWh of battery energy storage capacity. The minimum and maximum 
voltages are 0.9636 and 1.0550 p.u., respectively. The maximum line and transformer load-
ings are 90.42% and 66.56%. The annual energy coverage ratio is 1.0042, while the self-
supply ratio is 47.75%. The simple payback period of the complete configuration is 26.40 
years, and the scenario-based payback period considering annual electricity tariff growth 
of 11% is 11.38 years. The limitations of the study include the use of a single-phase net-
work equivalent, the omission of battery degradation, and the preliminary nature of the 
economic assessment. 
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 Table 1. 

Initial indicators and constraints of the local 0.4 kV network section 
 

  
 33 

  
  

  
 46,68 / 34,66 % 

  
 0,90-  

  

 
  

   
 Fig. 1. Load distribution and characteristic electricity consumption profiles  

of the analyzed network section 
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Criteria for multicriteria selection of active consumers 
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 Table 3. 
Calculated consumer groups and parameters of the final configuration 
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 Fig. 2. Generation and filtering of feasible IDES configurations 
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 Fig. 3. First-rank IDES configuration for a local 0.4 kV network section 
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 Table 4.  

Composition of the five highest-ranked ides configurations 
 

 
 

 
   

 

 
1 

P04, P08, P09, 
P10, P11, P23, 

P24, P25 
P01, P02, P03, 

P07 12 147 125,44 

2 
P04, P08, P09, 
P10, P11, P23, 

P25 
P01, P02, P03, 

P07 11 147 117,76 
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Continuation of the table 4.  
Composition of the five highest-ranked ides configurations 

 
3 

P04, P08, P09, 
P11, P23, P24, 

P25 
P01, P02, P03, 

P07 11 147 87,04 

4 P04, P08, P09, 
P11, P24, P25 

P01, P02, P03, 
P07 10 147 84,48 

5 P04, P08, P09, 
P11, P23, P25 

P01, P02, P03, 
P07 10 147 79,36 

  
 
 Table 5. 

Calculated performance indicators of the five highest-ranked ides configurations 
 

 CAPEX, 
  Umin/Umax  % % / TOPSIS 

1 10,796 26,402 / 
11,380 

0,9636 / 
1,0550 90,42 / 66,56 47,75 / 

0,666407 
2 10,797 26,370 / 

11,375 
0,9612 / 
1,0620 91,76 / 67,55 47,05 / 

0,612701 
3 10,239 24,211 / 

10,973 
0,9534 / 
1,0688 97,30 / 71,63 43,92 / 

0,582769 
4 10,207 24,087 / 

10,947 
0,9534 / 
1,0715 97,75 / 71,95 43,63 / 

0,550267 
5 10,119 23,753 / 

10,875 
0,9509 / 
1,0744 98,65 / 72,62 43,04 / 

0,520152 
: 
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 Fig. 4. Comparison of operating indicators before and after IDES formation 
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