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Abstract—Generally, distributed generation units refer to 

small-scale electric power generators that produce electricity at a site 
close to the customer or an electric distribution system (in parallel 
mode). From the customers’ point of view, a potentially lower cost, 
higher service reliability, high power quality, increased energy 
efficiency, and energy independence can be the key points of a proper 
DG unit. Moreover, the use of renewable types of distributed 
generations such as wind, photovoltaic, geothermal or hydroelectric 
power can also provide significant environmental benefits. Therefore, 
it is of crucial importance to study their impacts on the distribution 
networks. A marked increase in Distributed Generation (DG), 
associated with medium voltage distribution networks, may be 
expected. Nowadays, distribution networks are planned for 
unidirectional power flows that are peculiar to passive systems, and 
voltage control is carried out exclusively by varying the tap position of 
the HV/MV transformer. This paper will compare different DG control 
methods and possible network reconfiguration aimed at assessing their 
effect on voltage profiles. 

 
Keywords—Distribution Feeder Reconfiguration (DFR), 

Distributed Generator (DG), Voltage Profile, Control. 

I. INTRODUCTION 
VER the last decade, distribution systems have seen a 
significant increase in small-scaled generators as they can 

compensate the disadvantages encountered in the centralized 
generation dispatch. These generators, also known as 
distributed generation (DG), are installed in the network to 
serve as a source of power at on or near the site where they are 
to be used. They can be driven by different types of resource 
and technology such as wind, solar, fuel cells, hydrogen, and 
biomass. The introduction of DG units brings a number of 
technical issues to the system. Many technical effects of 
distributed generators on the distribution system have been 
reported in literature such as thermal rating of equipment, 
system fault levels, stability, reverse power flow capabilities of 
tap-changers, line drop compensation, voltage rise, power 
losses, power quality (such as flickers and harmonics) and 
protection. The need to reduce pollution of the environment has 
led to growing worldwide interest in the introduction, in 
distribution networks, of small and medium-sized generators 
that utilize primary renewable energies. However, new 
technologies involving the use of conventional fossil fuels, 
such as fuel cells and micro-turbines, have also been the subject 
of research, since they offer the prospect of a significant 
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reduction in pollutant emissions. Thus numerous steps are 
being taken and research projects launched with a view to 
introducing Distributed Generation (DG) in electricity 
networks.  

An area of special interest is that of the combined production 
of electric power and heating, since this result in a worthwhile 
reduction in primary energy and, therefore, lowers 
consumption and pollutant emissions. Given the difficulty of 
thermal power transmission, such plants have to be located near 
the places where there will be a use for the heating generated, 
so as to be able to exploit to the full all the advantages offered; 
this will involve the presence of a large number of generators, 
distributed throughout the network. Thus it becomes necessary 
to integrate all the generators with the distribution network in 
order to achieve an improvement in the quality of the power 
supplied in relation to the reliability of the electricity system. In 
this connection, a large number of research projects are under 
way in order to look into the various possibilities that 
Distributed Generation can offer, not only as regards power 
supply, but also with reference to ancillary network services 
[1]. This is to a great extent influenced by the type of 
technology employed and the type of primary energy source. It 
is not therefore possible to conduct general research covering 
all types of DG, but each study will have to consider one 
alternative or the other. 

Another factor that determines the success of DG or of one 
technology rather than another is the deregulation of the 
electricity market and of the rules that govern it. Currently, 
there are no rules devoted exclusively to DG, with the result 
that small producers confine themselves either to their own 
production or to the sale of electric power only, without caring 
too much about the quality of the service. This is due to the fact 
that small producers have no power to compete in a market 
dominated by a few big companies. Nevertheless, extensive 
penetration by DG might lead to the definition of new rules that 
would enable better advantage to be taken of the opportunities 
on offer. 

The purpose of this paper is to consider voltage controls in 
distribution networks. At the present time, regulation takes the 
form of varying the transformation ratio of HV/MV 
transformers by means of Under-Load-Tap-Changers (ULTC) 
by keeping the voltage fixed at a given place in the network, 
generally at the MV busbars of the primary sub-station. 
However, this regulation philosophy, which has imposed itself 
through being easy to operate, does present a number of 
drawbacks. Above all, if the network is very big, voltages may 
vary greatly between the beginning and the end of lines. 
Moreover, the variability of the load during the day will compel 
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the regulator to carry out a large number of switching 
operations on the ULTCs – a typical example might be about 70 
per day – resulting in rapid deterioration and the need for 
frequent maintenance. 

II. VOLTAGE PROFILES IN MEDIUM VOLTAGE DISTRIBUTIONS 
NETWORK  

An important factor in the quality of electric energy is the 
stability of the voltage in the network, which has to be kept as 
far as possible close to the rated value in order to ensure the 
normal operation of users' equipment. Indeed, the more and 
more widespread use of electronics increases the sensitivity of 
user equipment to voltage quality [2]. The causes of variations 
in the voltage of a network are many and of various kinds, but 
are mainly due to variations in the load. Other causes may be 
transient events such as atmospheric phenomena or protection 
trip in the network. 

Expression (1) gives the value of the voltage drop in a line 
with resistance R and reactance X transmitting active power P 
and reactive power Q. Unlike HV transmission lines, in which 
resistance is negligible compared with reactance, in MV 
distribution lines the two contributions are comparable, so that 
both the flows of active power and those of reactive power 
make a significant contribution to the voltage drop. 

 

(1) % 2 100R P X QV
V

⋅ + ⋅Δ = ⋅  

 
The variability of the load is therefore the primary cause of 

voltage fluctuation in a network. It might be decided to control 
this variation by as far as possible levelling the load diagrams: 
that is, by making the demand for power on the network more 
uniform as between day and night. However, such a step is very 
difficult to implement in distribution networks, both because of 
their vicinity to the loads and due to the difficulty of creating 
efficient storage systems. There is therefore a tendency to limit 
this effect by compensating for the voltage drop by varying the 
transformation ratio of the HV/MV transformer. 

 

 
(a) 

 
(b) 

Fig. 1 (a) Estimation of the hourly voltage in an MV node with and 
without regulation (with a tap-changer step equal to 1.5% Vn) - (b) 

Load diagram 
  

Fig. 1 (a) shows the voltage diagram in a node of a 20 kV 
distribution line in the course of one day: the opposite trend to 
the load diagram (Fig. 1 (b)) makes the linear approximation of 
the voltage to the load acceptable in (1). Since it is best for the 
voltage change allowed in medium-voltage (MV) lines to be 
within ±4% so as to avoid excessive drops in the low-voltage 
(LV) section, it will be noted that, in the absence of any steps 
being taken to regulate (unbroken line), the voltage diminishes 
during the day – that is, during the period of higher absorption – 
to values unacceptable for the correct operation of equipment. 
This makes it necessary to increase the size of the line in order 
to reduce impedance and bring the voltage drop down to 
acceptable levels. On the other hand, the introduction of 
regulation systems at the primary sub-station based on the use 
of ULTCs permits more effective levelling of the voltage 
profiles over time. 

If we look at the graph in Fig. 1, it would therefore seem that 
the variation in the transformation ratio of the HV/MV is 
sufficient to solve the problems involved in regulating the 
voltage of distribution networks. This is partly true since, to 
date, it is the only means of regulation that has been used, but it 
presents a number of drawbacks. Above all, it is a discrete 
regulation system: that is, it is possible to set up only finite 
voltage values; this means that in order to obtain sufficiently 
fine-tuned regulation many steps are needed, so that the 
tap-changer is forced to perform a large number of operations 
during the day. In addition, it is a system that regulates the 
voltage at one point only in the network, generally at the MV 
busbar of the primary sub-station, thus leaving the voltage 
drops unchanged along the lines. 

Fig. 2 shows the voltage diagram along a 20-kV line in the 
absence (a) or in the presence (b) of a regulation system. The 
line consists of 3 lengths, each with a resistance of  
r = 0.226 Ω/km and reactance of x = 0.384 Ω/km; each node is 
connected to a load that absorbs Pmax = 2.25 MW and Qmax = 
1.125 Mvar, with a load diagram trend shown in Fig. 1 (b). 

The use of ULTC at the primary sub-station greatly improves 
the trend along the time axis, but the voltage drop along the line 
remains almost the same. If the network were a very large one 
and the lines very long, there might be an unacceptable voltage 
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