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ABSTRACT: Among the major concerns of the 
distributor of electricity is to provide a voltage within the 
contract. The voltage quality will be unacceptable if the 
voltage drop exceeds 10%. The improvement of the voltage 
at the end of the grid is possible by several means: 
strengthening sections of the conductors, installation of 
new MV/LV, etc. The photovoltaic mini-power station 
connected to the LV grid is one of the solutions used to 
solve this problem by producing electrical energy with 
regard to the deficit. In this article, we have studied the 
impact of the connection of photovoltaic power on a rural 
LV network located in Taibet region, district of Ouargla 
(Algeria). 
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I. INTRODUCTION 
 

The availability of energy is an important factor for 
the development and the improvement of population 
living conditions. Also, the availability at any time and 
the quality of this energy are highly required. Thus, the 
quality of the voltage supplied to subscribers must 
respect the value of the tolerable voltage drop. For rural 
locations, the tolerable voltage drop is less then <10%. 
Several means are possible to improve the voltage at the 
end of the grid, we can quote: strengthening sections of 
the conductors, installation of new MV / LV, etc. The 
connection of the photovoltaic (PV) mini-power to the 
grid in places poorly served, is a well adopted solution 
to solve the problem of voltage drop and to provide 
clean energy [1,2]. Thus, PV systems can contribute to 
this solution since they can produce energy at the place 
where the deficit exists [3, 4, 5, 6].  

In this paper, we describe the impact of the 
connection of a mini PV station to the grid (LV). Thus, 
we have simulated the voltage drop in a LV grid without 
installation of PV. Then, we applied a methodology 
based on technical constraints, in order to determine the 
best configuration for connection of a significant 
reduction in the voltage drop during times of energy 
peak demand. 

The results below are based on the study of a real 
problem of voltage drop in the Taibet village located in 
southern Algeria, powered by a LV line. 
 

II. PRESENTATION OF THE STUDIED LV 
NETWORK 

 
The rural LV network located in Taibet in the wilaya 

of Ouargla was chosen in this work. It is a public 

distribution of the National Company (Sonelgaz). The 
high dispersion of the population, the significant length 
of the network and the distance of the source had a 
negative impact on the quality of the voltage. Thus, the 
customers connected on this station knew harmful 
voltage drops (less than 180 V). Especially in period of 
summer this led to significant loss for the public 
Company. Indeed, the daily activities are disturbed and 
subscribers cannot use their equipment of household 
such as the TV, ventilator, air-conditioners, etc.  

The LV network supplies 19 customers, with 1688 
m of length and 73 kVA (119 A) of electrical peak 
power. The LV network is supplied by a transformer 
with a primary voltage of 30kV and secondary voltage 
of 400 V. 
 
 

III. IMPACT ON THE VOLTAGE AND LOAD OF 
LV NETWORK 

 
In order to determine the impact of the photovoltaic 

systems connected to LV network on the voltage, we 
have studied the integration of the photovoltaic mini-
power stations among customers at the end of the line 
LV which records an inadmissible voltage drop. Fig.1 
shows the evolution of the yearly electrical consumption 
recorded for a subscriber in 2006. The histogram shows 
the clear increase in electrical consumption during the 
period of summer (3rd term). Fig.2 gives the typical 
hourly profile of load which we have measured for the 
subscriber during the summer of the year 2006. 

Thus, these results show that the profile of load is 
very variable and non regular with a peak of 2.4 kW, 
located between 12pm and 3 pm. This peak of supply is 
due to the use of air-conditioning during this warmth 
period of the day. For rural LV networks, the tolerance 
on the voltage drop is fixed at 10% by the Algerian 
distributor (Sonelgaz), 0,90Un≤ U1≤ 1,10Un. Where, 
Un is the nominal voltage and Ul is the voltage of the 
line. 

Table 1 illustrates the various measurements taken 
for the subscribers and the simulated voltage for the 
same subscribers. These results show that the simulation 
has given very satisfactory values. Indeed, the 
calculated error does not exceed 1.1%.  

Using simulation, we have calculated the voltage 
drop according to the length of the LV line. The results 
of simulations show that the voltage drop exceeds the 
acceptable limit starting from the node of consumption 
located at 600 m of the transformer ML/LV (Fig.3). 
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Table 1 
Example of the voltage simulation results 

Subscribers Measured 
voltage (V) 

Simulated 
voltage (V) 

Error 
(%) 

Subscriber1 188 186 1.0 

Subscriber2 185 184 0.5 

Subscriber3 180 179 0.5 

Subscriber4 176 174 1.1 
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A. Influence of the photovoltaic voltage on the 
voltage drop  
 
The contribution of the tension provided by the 

photovoltaic system is the difference between the 
voltage drop (∆V) in the line with a photovoltaic 
generator and without a photovoltaic generator. The 
relation of the voltage drop at the end of a balanced 
three-phase line a length l is given as follows [8]: 
 

∫=Δ
x

dllZlIV
0

)()(          (1) 

Where, the current (I) and impedance (Z) are a 
function of the length (l) of the line, 0 is the localization 
of the transformer, x is the location at a point of the line.  
The photovoltaic generator reduces the voltage drop by 
reducing the current forwarded by the line. The 
contribution of the voltage by the photovoltaic system in 
a given point example (B) is the difference in voltage 
drop with and without photovoltaic system (Figure 4). 
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As the current provided by the photovoltaic 

generator is constant, the equation (2) can be written as 
follows: 

∫ −=Δ
B

ApvB ZIdllZlIV
0

)()(      (3) 

Where, ZA is the total impedance of the line until 
point A. The contribution of the tension of the 
photovoltaic generator is given by the following 
relation: 
 

Fig. 1 : Quarterly profile of power consumption for a 
subscriber 

Fig. 2 : Measured hourly profile of load for  a subscriber of 
Taibet 

Fig. 3 : Voltage drops in LV line according to the distance from 
the transformer before installation of the photovoltaic systems. 

Fig. 4 : The photovoltaic voltage injected in the electrical line  
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APVB ZIVS =      (4) 
 

Thus, the contribution of the photovoltaic voltage at 
any point of the line is equal to the product of the 
photovoltaic current and the impedance of the line 
between the transformer and the photovoltaic generator. 

 
B. Results and discussions    

 
In order to reduce the voltage drop up to 10%, we 

have chosen to install mini-power PV stations among 
last subscribers beyond 600 m of the transformer (Fig. 
5). Thus, our strategy consisted to equip these 
subscribers at the end of the network with PV mini-
power stations successively starting with the last one. 
The voltage is measured after each operation for 
subscriber equipped with a photovoltaic installation 
located prior the last one. The installation of the PV 
mini-power station at the subscribers stops when the 
voltage drop reaches an acceptable value (< to 10%).  
The sizing of the photovoltaic generator is based on the 
annual electric consumption provided by Sonelgaz 
invoice. Thus, the proposed power peak of the 
photovoltaic generator is equal to 2,5 kWc. 

After each installation of a photovoltaic mini-power 
at a subscriber who is poorly served at the end of LV 
network, we have simulated the impact of the PV 
connection on the voltage drop. We recorded 
improvements in the network progressively as long as 
PV mini-power stations are installed.   

Fig. 6 shows the improvement after successive 
installations of PV among subscribers. Thus, the voltage 

drop became tolerable after installation of the PV for the 
6th subscriber. Indeed, the voltage drop is around 10% 
value fixed by Sonelgaz for rural LV network. Also, in 
order to qualify the impact of connection of PV mini-
power stations on the voltage during the peak hours, we 
have compared the hourly values of the voltage drop 
before and after installation of the PV systems among 
subscribers. Fig. 7 shows that before photovoltaic 
compensation, the voltage drop is significant 
(approximately 310 V), especially during the peak hours 
in the afternoon. Paradoxically, it is the period where 
the sunshine is an important allowing more production 
of electrical power by PV generator. 

After installations of the PV, the results obtained 
show an improvement of the voltage between 12pm and 
3pm. Fig. 8 illustrates this improvement, the voltage is 
higher than 360 V. Thus, the photovoltaic generator 
provided a great part of the electricity, of a non 
polluting source, to the subscribers reducing at the same 
time their needs to buy electricity and also, solving the 
problem of the load for this period of the day.  

The maximum current needed by LV line in Taibet 
is of 119A. The current which forwards through the line 
decreases with each insertion of a photovoltaic 
generator. The hourly profile of current forwarded 
trough the line for a subscriber before photovoltaic 
compensation records a peak between 12pm and 3pm 
(Fig. 9).  

After installation of the 6th PV mini-power station, 
we recorded a significant fall of the current for the same 
subscriber and during the same peak hours, between 
12pm and 3pm (Fig.10). 
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Fig. 5 : Selected site of photovoltaic mini-power stations connected to rural LV network for subscribers in Taibet 
(Wilaya of Ouargla) 
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IV. CONCLUSION 
 
These results obtained after introduction of photovoltaic 
solar energy justified the goal of this work which 
proposes the installation of PV mini-power stations 
connected to LV network in order to compensate the 
voltage drop on line. The photovoltaic electric power is 
produced during the high demand of energy. In Algerian 
southern, this electricity demand coincides with the 
important sunshine availability especially in period of 
summer.  
Therefore, the photovoltaic generator provided a great 
part of own electricity to the subscribers with no harmful 
gas emissions. At the same time, the subscribers reduced 
their needs of electricity purchase and solved problem of 
the load on the LV line during the peak periods 
 
 
 
 
 

Fig. 9 : Current forwarded through the line before PV 
compensation

Fig. 10 : Current forwarded through the line after PV 
compensation 

Fig. 8: Voltage drop for the last subscriber after 
photovoltaic compensation 

Fig. 7: Voltage drop for the last subscriber before 
photovoltaic compensation 

Fig. 6 : The voltage drop calculated after successive 
installation of the photovoltaic systems. 
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