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ABSTRACT 

This paper aims at analysing the impact of the neutral 

conductor absence at specific sections over the 

performance of the power distribution lines, and proposing 

alternative solutions to mitigate the problems caused by the 

neutral conductors theft. 

The simulations were made by the software Interplan and 

show that the absence of neutral conductor at specific 

sections of power distribution lines may increase the 

neutral-to-ground voltages, which compromises the 

system´s safety. The solution developed keeps the technical 

performance of the power distribution system at satisfactory 

levels ï regarding the voltage profile ï or, at least, close to 

the level before the neutral conductorôs theft. 

INTRODUCTION  

Neutral conductor theft at specific sections of power 
distribution systems is responsible for many issues 
regarding the operation of distribution feeders, especially at 
rural areas and suburbs. In Brazil, this problem has been 
increasing due to the easiness associated with the reselling 
of the cable materials (copper and aluminium) at the black 
market. The unpredictability of this action (due to the 
characteristics of the loads supplied by the feeders involved) 
may cause undesirable consequences to power companies, 
such as impacts at the energy quality, equipment damages, 
income losses, increase of the interruption levels and step 
and touch potentials, and high costs in order to replace the 
conductors (copper or aluminum conductors).  
One of the Brazilianôs power companies which has suffered 
injuries due to the absence of neutral conductors in its 
power distribution system is AES Eletropaulo. The 
Company is responsible for about 6 million customers in the 
State of Sao Paulo, in the Southeast of Brazil. AES 
Eletropaulo power distribution system is characterized by 
the presence of a common neutral conductor for the medium 
voltage (MV) and low-voltage (LV) lines, multigrounded at 
every 300 m distance and at every pole where there is an 
equipment installed (distribution transformers, reclosers, 

capacitor banks, voltage regulators etc.). The common 
neutral multigrounded was employed in order to have a low 
impedance path back to the substation [1]. 
The aim of this work is to analyse the impact of neutral 
conductorôs absence at specific sections of the line over the 
performance and safety of distribution network, and to 
propose technical solutions to mitigate the damages due to 
the neutral conductors theft. 
The analyses presented in this article are part of the 
activities of an R&D Project in partnership with AES 
Eletropaulo and the conclusions are in application in the 
RGR-104 feeder. 
The solution developed specifies suitable ground resistance 
(Rg) values at specific grounding points along the 
distribution feeder as to keep the systemôs performance at 
satisfactory technical and safety levels [2]. 
The study was performed for the RGR-104 feeder due to the 
high incidence of neutralôs conductor theft. As a reference 
to the analysis, the performance of the RGR-104 feeder was 
evaluated taking into account the neutral conductor at all 
sections. 

SYSTEM DESCRIPTION  

Simulations were performed with the software Interplan [3] 

and refer to the RGR-104 distribution network. The RGR-

104 is a 13.2 kV feeder with 51 km MV line and, according 

to AES Eletropaulo, the neutral conductors are absent in 

20% of the total length, as shown in Fig. 1. 

Neutral conductors installed have the following parameters: 

¶ main feeder: 3/0 AWG Aluminium Cable, with 

admissible current and low-frequency resistance 

equal to, respectively, Iadm = 328 A and 

RDC = 0.3922 Ý/km, and; 

¶ branches: 1/0 AWG Aluminium Cable, with 

Iadm = 244 A and RDC = 0.6047 Ý/km. 

The RGR-104 feeder is characterized by the presence of 

multigrounded neutral at every 300 m and at every pole 

where there is a distribution equipment installed. The 

simulations to evaluate the feederôs performance were 

employed through calculations of power flow with the 
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Fig. 1.  RGR-104 single-line diagram with indications of the sections 

without neutral conductors. 

 

 

Fig. 2.  RGR-104 single-line diagram with indication of Vng levels, 

for the reference condition of RGR-104 distribution network. 

Rg = 25 Ý. 

software Interplan, using as input, the RGR-104ôs 

georeferenced data and phase and neutral current 

measurements at the substation. The methodology developed 

in order to calculate the power flow allows, as well as other 

parameters, the phase and neutral current, neutral-ground 

voltage and electrical losses to be simulated. 

Based on the georeferenced data and phase and neutral 

currents measurements, adjustments were performed in order 

to obtain current and imbalance values close to the data, as 

shown in Tab. 1.  

 
Table 1: Measured and simulated values of phase and neutral 

currents at the substation of RGR-104. 

ID (A) IE (A) IF (A) IN (A) 

Measured values 

445 452 417 32 

Simulated values 

437 424 473 37 

 

The ground resistivity and the contributions of the ground 

resistances at the consumers´ entrance and adjacent feeders 

are not considered in the simulations. Therefore, unless 

otherwise indicated, the ground resistance (Rg) was assumed 

to be 25 Ý for poles that are grounded. The Rg refers to the 

resulting value of a grounding isolated system, in other 

words, not connected to the multigrounded network. 

RESULTS AND DISCUSSION 

To evaluate the impacts of the neutral conductorôs absence 

at specific sections over the performance and safety of 

RGR-104 power distribution network, a methodology of 

power flow based on Gauss Elimination Method was 

developed in [4] and simulations were made with the 

software Interplan. 

According to [2], the maximum neutral-to-ground voltage 

(Vng) level must not overcome 10 V in normal operating 

conditions. 

Initially, the performance and safety of RGR-104 MV line 

were evaluated without taking into account the neutral 

conductors theft (reference case). Afterwards, its 

performance was evaluated considering the real conditions 

and solutions were proposed in order to mitigate the 

damages due to the neutral conductorôs absence. 

Reference condition of RGR-104 distribution 

network 

In Fig. 2, the performance of RGR-104 MV line ï in terms 

of safety levels ï is showed for the reference case. Red 

areas are classified as critical and refer to poles with 

Vng > 10 V, yellow areas indicate poles with 

5 V < Vng < 10 V, and green areas are the poles with 

Vng < 5 V. 

The results show that, even for the reference case, part of 

the MV line is at the acceptable limit (yellow areas, 

5 V < Vng < 10 V) and some already are critical areas. In 

this case, about 7% of the 2975 poles of RGR-104 feeder 

have Vng > 10 V, considering the maximum value of Vng and 

technical losses are, respectively, 21 V and 360 kW. The 

critical areas in the reference case are due to the imbalance 

created by the sections with delta transformers (single-

phase). The critical areas density grows following the Rg 

growth. 

In the following analysis, the performance of RGR-104 MV 

line is evaluated for the real condition, i.e. taking into 

account the sections with the lack of neutral conductor, and 

solutions are presented to mitigate the damages due to 

neutral conductorôs theft. 

Real condition of RGR-104 distribution network 

The calculations forth, target the evaluation of the systemôs 

performance ï concerning the safety levels ï taking into 

account the sections without neutral conductors. According 

to the AES Eletropaulo, 20% of the 51 km length of RGR-

104 distribution network lack neutral conductors, as shown 

by the single-line diagram in Fig 1. 
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Fig. 3 presents the neutral-to-ground (Vng) levels for the real 

operation condition of RGR-104 feeder. 

The results show that the absence of the neutral conductor at 

specific sections of power distribution lines worsen the 

operational condition, increasing the number of poles with 

Vng > 10 V and the maximum neutral-to-ground voltage. In 

this case, 30% of the 2975 poles of RGR-104 distribution 

network have Vng > 10 V, being 51 V the maximum value of 

Vng. 

In regard to the technical losses, it is clear that the lack of 

neutral conductors increase the technical loss to 368 kW. 

Alternative solution to mitigate the damages due to 

the neutral conductor absence and improve the 

feeder´s safety condition 

To improve the technical performance of RGR-104 

distribution network showed in Fig. 3, an evolutionary 

algorithm was developed and implemented on the software 

Interplan capable of evaluating the performance of the 

feeder and indicating suitable ground resistance values at 

specific grounding points along the distribution network to 

keep the system performance at satisfactory technical and 

safety levels [5]. 

The solution to eliminate the aluminium cable theft was the 

use of bimetallic conductors in the MV line sections without 

the neutral conductors, as shown in Fig. 1 [6]. According to 

[4], the branches were installed with Bimetallic 

Steel/Aluminium Wire 7N9 53% IACS instead of 

1/0 AWG Aluminium Cable and, in the main feeder, 

Bimetallic Steel/Aluminium Wire 7N7 53% IACS instead 

of 3/0 AWG Aluminium Cable. 

The use of bimetallic wire at the sections with neutral 

conductors theft reduces the neutral-to-ground voltages 

levels and technical losses to values close to the ones found 

in reference case (Fig. 2), as shown in Fig. 4. 

According to the results of Interplan, in order to keep the 

safety conditions of RGR-104 within the acceptable levels 

[2] and, consequently, reduce the technical losses, it is 

important to use the bimetallic conductors in all the sections 

with neutral absence and reduces the ground resistance 

values of the grounding points indicated in Fig. 4 to about 

5 ɋ. 

Fig. 5 presents the single-line diagram of RGR-104 MV 

with indications of neutral-to-ground levels for the case of 

bimetallic conductors usage at the sections where the neutral 

conductors were stolen (Fig. 1) and Rg = 5 ɋ in the 

grounding points indicated in Fig. 4. 

Comparing Figs. 3 and 5, it is clear that the proposed 

solution has significantly improved the RGR-104 voltage 

profile, keeping the Vng voltage within the limit of 10 V. In 

this case, there was a important reduction in the technical 

losses (2,5%) in comparison to the real case (Fig. 3). 

 

Fig. 4.  RGR-104 single-line diagram with indications of Vng levels and 

grounding points of the critical areas, for the case of using bimetallic 

conductors at the sections where the neutral conductors were stolen. 

Rg = 25 Ý. 

 

Fig. 5.  RGR-104 single-line diagram with indications of Vng levels, 

for the case of using bimetallic conductors at the sections where the 

neutral conductors were stolen and Rg = 5 Ý in the grounding points 

indicated in Fig. 4. 

 

Fig. 3.  RGR-104 single-line diagram with indications of Vng levels, for 

the real condition of RGR-104 distribution network. Rg = 25 Ý. 


