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Wind farms in the process of voltage regulation in the power 
system 

 
  
Abstract. The large number of wind farms in the power system makes it possible to use them in the process of voltage regulation in the nodes to 
which they were connected. The regulation possibilities depend on the generators in which the wind farm has been equipped. Currently, Doubly-Fed 
Induction Generators are the most commonly used ones, which have wide possibilities of reactive power and voltage control at the wind farm 
connection point. The article presents an analysis of the connection of a wind farm consisting of wind turbines equipped with DFIG generators to the 
power system for the possibility of voltage regulation. Simulations were carried out using PowerWorld Simulation software.  
 
Streszczenie. Duża liczba farm wiatrowych w systemie elektroenergetycznym stwarza możliwość wykorzystania ich w procesie regulacji napięcia w 
węzłach do których zostały przyłączone. Możliwości regulacyjne zależą od generatorów w jakie zostały wyposażone elektrownie wiatrowe. Obecnie 
najczęściej znajdują zastosowanie generatory asynchroniczne dwustronnie zasilane, które posiadają szerokie możliwości regulacji mocy biernej, a 
co za tym idzie napięcia w punkcie przyłączenia farmy wiatrowej. W artykule przedstawiono analizę przyłączenia farmy wiatrowej, składającej się z 
elektrowni wiatrowych wyposażonych w generatory asynchroniczne dwustronnie zasilane do systemu elektroenergetycznego pod kątem możliwości 
regulacji napięcia. Symulacje zostały przeprowadzone z wykorzystaniem oprogramowania PowerWorld Simulator.  Farmy wiatrowe w procesie 
regulacji napicia w systemie energetycznym 
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Introduction 
Renewable energy sources are now considered to be 

the most prospective energy sector. Solar energy and its 
derivatives are a free and inexhaustible source of energy 
[1]. Thanks to the rapid development of technologies in the 
field of renewable energy, the efficiency of generating units 
increase year by year, while the investment cost decrease. 
Increasing the share of renewable energy sources in the 
energy systems of the Member States is now a priority in 
the European Union energy policy. Funds earmarked for 
this purpose are to accelerate the development of 
renewable energy sources and enable diversification of 
fuels and gradual independence from conventional fuels. 
The current climate package assumes an increase in 
renewable energy sources share in the European Union to 
20% by 2020. In 2016, the share of renewable energy in 
final energy consumption was 17% for the European Union 
[2]. Another target will be to increase energy production in 
renewable energy sources to 27% in 2030 [3]. 

According to the data of the Polish Energy Regulatory 
Office [4], in the Polish national power system, the total 
installed capacity in renewable energy sources at 
30.05.2018 amounted to 8 584,552 MW, and the power in 
installations using wind energy was 5 874,778, which is 
68,43% of the total installed power in renewable energy. 
One can notice the slowdown in the development of wind 
energy in Poland as a result of the Wind Farm Investment 
Act [5,6]. In 2016, the installed capacity in wind sources 
was 5 807,416 MW, so within 2 years the power increased 
by only 67,362 MW. 

The high installed capacity in wind farms makes it 
possible to use them for the process of voltage regulation in 
the power system nodes. Thanks to the use of wind farms 
with large reactive power control options, the transmission 
system operator can use wind farm to maintain the required 
voltage level at the connection point [7]. The use of wind 
farms in the reactive power control process also allows 
limiting voltage fluctuations resulting from the stochastic 
nature of wind and reducing power losses in the internal 
network of the wind farm and in the network to which it is 
connected. The connection of wind farms to the power 
system does not increase the voltage distortion at the 
connection point [8]. 

Voltage in the power system 
To ensure correct operation of the power system, it is 

necessary to balance the active and reactive power. One of 
the basic parameters affecting the quality of electricity is 
frequency and voltage. Maintaining a constant frequency 
requires balancing of active power, while a proper balancing 
of reactive power is associated with maintaining the correct 
voltage in the system nodes. 

The demand of receiving nodes for reactive power is 
around 42%. The remaining 58% are own needs of the 
network, which include: longitudinal losses in lines – 21%, 
longitudinal losses in transformers – 20%, generators 
demand – 9% and losses in network transformers – 8% [9]. 

Constant changes in the system load make it necessary 
to adjust the voltage levels in the power system nodes. 
Voltage deviations below the rated value are caused by 
[10]: 

 voltage drops in medium and low voltage lines and 
in transformers; 

 too low voltage on the medium voltage side in 
station 110/MV, resulting from fault conditions. 

Voltage deviations above the rated value are caused by: 
 positive value of longitudinal voltage loss induced 

by capacitive reactive power flows; 
 too high voltage on medium voltage substation bus 

and MV/LV transformers in abnormal operating 
conditions. 

The value of voltage drop in overhead lines and 
transformers depends primarily on the part of the 
longitudinal voltage loss, which is dependent on the reactive 
component of the current: 

(1)                           XIU bX 3  
where: Ib – reactive component of the current. 

The longitudinal part of the voltage loss depends on the 
active current component is much smaller: 

(2)                            RIU cR 3  

where: Ic - active component of the current. This is due to 
the fact that the value of the overhead line reactance is 
much higher compared to the resistance. The longitudinal 
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voltage loss increases the value of the voltage at the end of 
the line when capacitive and less at inductive. For this 
reason, voltage regulation is closely related to the reactive 
power regulation. 
 
Wind turbines equipped with an Doubly-Fed Induction 
Generator 

Wind turbines equipped with DFIG (Doubly-Fed 
Induction Generator) generators have a wide range of 
active and reactive power regulation, which is why they 
currently belong to the most commonly used generators in 
wind energy sector. DFIG generators allow to obtain better 
quality of electricity compared to other generators used in 
wind farms. They provide active suppression of voltage and 
power oscillations as well as current and voltage harmonics.  

Doubly-Fed Induction Generators are equipped with 
an energy electronic converter connected to the rotor 
circuit, thanks to which it is possible to transmit energy in 
both directions: from and to the rotor [11]. DFIG generators 
enable operation at both super-synchronous and sub-
synchronous speeds. In the case of super-synchronous 
operation, the energy flows from the rotor to the grid, while 
during the work with the sub-synchronous speed, the 
energy flows from the stator to the rotor.  

Figure 1 shows the characteristics of the Vestas V90 – 
3 MW wind turbine equipped with Doubly-Fed Induction 
Generator, on which the area of permissible operating 
conditions is marked. 

 
Fig. 1. Area of permissible operating conditions of the DFIG 
generator at Vestas V90 – 3 MW wind turbine [12] 

 
Wind turbines Vestas V90 – 3 MW enable operation in 

the constant power factor mode in the range of 0,98cap – 
0,96ind. It is possible to work with a different power factor, 
but with a reduction in the value of active power generated. 
When generator is connected in a triangle, the maximum 
reactive power generated is 1500 kvar, while for star 
connection 750 kvar. 

 
Analysis of the possibility of using a wind farm in 
voltage regulation 

Simulations were carried out using the PowerWorld 
Simulator program. PowerWorld Simulator enables analysis 
of active and reactive power distribution as well as voltage 
level analysis in power system nodes.  

The analysis of the wind farm’s impact on the voltage 
level in the power network was carried out for a wind farm 
consisting of 10 wind turbines Vestas V90 – 3 MW (Fig.2, 
EW1-EW10). The 30 MW wind farm was connected to the 
110 kV network.  

Figure 2 shows the diagram of the internal network. The 
wind farm has a three radial lines connected to the main 
supply point located on the wind farm. In the case of 
a radial structure, damage to the cable stops the 
transmission of energy from wind turbines located behind 
the damaged part of the internal network. The ring topology 

is characterized by greater reliability, but requires higher 
investment costs. 

 
Fig.2. Diagram of the internal network of the analyzed wind farm 

 
The diagram of the analyzed fragment of the power 

system, modelled in the PowerWorld Simulator is shown in 
figure 3. The wind farm was connected at node 13. 

 
Fig. 3. Diagram of the analyzed fragment of the power system 

 
Table 1 presents the values of active and reactive power 

of a wind farm for which simulations have been carried out. 
Reactive power was determined based on the simulation of 
the internal network of the wind farm. 

 
Table 1. The values of active and reactive power in simulations 

cosφ = 1 cosφ = 0,98cap cosφ = 0,96ind 

P [MW] P [MW] Q [MVar] P [MW] Q [MVar] 

1,7 1,7 0,35 1,7 -0,5 

16,0  16,0 3,25 16,0 -4,67 

30,00 30,0 6,09 30 -8,75 
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 Figure 4 shows the results of the simulation depending 
on the power factor of wind farms. 
a) 

 
 
b) 

 
 

c) 

 
 
Fig.4. Relation between the voltage in the nodes and generated 
active power by wind farm for: cosφ = 1(a), cosφ = 0,98cap (b), 
cosφ = 0,96ind (c) 
 

The regulations possibilities of a wind farm consisting of 
wind turbines equipped with Doubly-Fed Induction 
Generators, create the possibility of improving voltage 
conditions in the node to which the wind farm is connected 
and in neighbouring nodes. In case the voltage at the 
connection point is lower than required, the wind farm may 
became a source of reactive power, which will increase the 
voltage in the node. In the analyzed case, when wind 
turbines operate with a power factor of cosφ = 0,98cap, the 
voltage at the connection point (node 13), compared to 
work with the power factor cosφ = 1, increased by 0,9% for 
a wind farm working with 30 MW. In the case of wind 
turbines operating with a power factor cosφ = 0,96ind, it is 

possible to obtain a constant voltage in the nodes, despite 
increasing the active power generation. 

Figure 5 shows relation between voltage and reactive 
power.  
a) 

 
 
b) 

 
 

Fig. 5. Relation between voltage and reactive power for: P = 30 
MW (a), P = 1,76 MW (b) 

 
Figure 6 shows the power losses in the analyzed 

fragment of the power system depending on the active 
power for the analyzed values of the power factor cosφ. 
 

 
 
Fig. 6. Relation between active power losses in the network and 
generated active power 

 
In the case of wind turbines with cosφ = 0,98cap, the 

losses of active power in the network to which the farm is 
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connected are reduced as compared to the work with the 
power factor cosφ = 1.  

Table 2 shows the calculated coefficient kU,P, which is 
a measure of how the voltage in the network nodes 
changes depending on the active power generated. The 
higher value of this coefficient means the greater difference 
between the voltage in the node depending on the 
generated active power. The coefficient kU,P is defined by 
the formula: 

 (3)                           
P

U
k PU 


,  

where: ∆U – voltage difference, ∆P – difference between 
maximum and minimum active power generated by wind 
farm. 

(4)                      3,287,130 P MW 

Table 2. Values of the coefficient kU,P 

- kU,P 

Node No. cosφ = 1 cosφ = 0,98cap cosφ = 0,96ind 

1 0,0000 0,0000 0,0000 

2 0,0035 0,0065 -0,0004 

3 0,0053 0,0090 0,0004 

4 0,0078 0,0137 0,0014 

5 0,0113 0,0198 0,0022 

6 0,0216 0,0367 0,0043 

7 0,0216 0,0371 0,0043 

8 0,0220 0,0374 0,0043 

9 0,0220 0,0371 0,0047 

10 0,0315 0,0604 -0,0022 

11 0,0262 0,0471 0,0025 

12 0,0297 0,0547 0,0011 

13 0,0343 0,0658 -0,0022 

 
 As can be seen from the above results, increasing the 
reactive power output increases the voltage at all nodes of 
the network. 
 
 
 
 
 
 
 

Summary 
 Wind farms, thanks to their regulation capabilities, can 
be used by the transmission system operator to regulate the 
voltage in the node to which it was connected and in 
neighbouring nodes.  
 The ability to work with reactive power capacitive and 
inductive by wind turbines with Doubly-Fed Induction 
Generators allows to maintain a constant voltage at the 
connection point despite increasing the active power 
generation and increasing or decreasing the voltage in the 
node.  
 The connection of wind farms close to the recipients 
also positively influences the level of active power losses in 
the network, which decreases when the wind farm work with 
higher active power. 
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