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ABSTRACT 

The intermittency in the power produced by the wind farms 

and the photovoltaic plants can lead to unacceptable 

variations in voltage levels of electrical distribution 

systems nodes. 

The System Operators (DSO) propose network connection 

codes with increasingly demanding technical 

requirements, both in permanent and transitory state.  

The objective of this study is to demonstrate the positive 

effect of the STATCOM as devices for the integration of 

wind farm turbines and photovoltaic plants to the 

electrical distribution system as a necessary mechanism 

for stable operation of the network. 

INTRODUCTION 

Several studies have demonstrated the ability of FACTS 
devices to improve the response of wind farms and 
photovoltaic plants against variations in primary resources 
in a permanent state and contingency situations. [1] 
This study analyses the impact of STATCOM on wind 
farms and then, in future works, it will extend the results 
to photovoltaic plants. 
The connection of the STATCOM in a wind farm allows 
the development of reactive energy generation / 
consumption strategies at the point of connection to the 
network and compensate for voltage variations. 
Compared to STATCOM, the capacitor bank has a very 
slow response and cannot perform accurate voltage 
control. However, the cost of STATCOM is more 
expensive than the capacitor bank. 
Also, the use of STATCOM in wind farms allows 
instantaneous voltage variations to stabilize. The rapid 
response of the STATCOM improves the transient 
response of the wind farm, avoiding situations of voltage 
collapse during severe contingencies. 
Voltage control is performed by injecting reactive power 
during the voltage drop interval and at the time of voltage 
recovery, preventing the absorption of reactive power from 
the electrical system. 

FUNDAMENTALS 

 Dynamic model of the STATCOM 

A STATCOM is an electronic device that can generate or 

consume reactive power in a controlled manner. In Figure 

1, the simplified schematic of a STATCOM is shown. It 

consists of a capacitor bank, an electronic converter, a 

coupling reactance and an associated control system. 

The associated control system establishes the switching 

commands of the electronic converter, based on a pulse 

width modulation (PWM) strategy. The objective of the 

control system is to maintain the voltage, 𝑈S, at the node 

to which the STATCOM connects within the normal  

 

operating range, by injecting or absorbing reactive current 

𝐼𝑆𝑇. In this sense, the STATCOM can be seen as a 

controlled source of voltage or current. [2][3] 
 

 
Figure 1. Scheme of STATCOM electronic device 

 

The operating principle of a STATCOM is based on the 

fact that the voltage inverter transforms the DC voltage, 

supplied by the capacitor bank, to a three-phase system of 

controllable amplitude, frequency and phase angle 

voltages. Its behaviour is analogous to that of a 

synchronous compensator, but without mechanical inertia 

and, therefore, with a faster response. 

The difference between the voltage supplied by the 

electronic converter, 𝐸𝑆𝑇, and the voltage at the controlled 

node produce an active and reactive power exchange 

between the STATCOM and the electrical network. The 

following expressions determine the exchange of active 

power, 𝑃𝑆𝑇, and reactive, 𝑄𝑆𝑇, between the STATCOM and 

the network in a single-phase equivalent are: 
 

 
Where 𝑋𝑆𝑇 is the coupling reactance of the STATCOM.  

The internal losses of the STATCOM produced in 

semiconductors during operation are compensated by 

absorbing power from the electrical network. If the energy 

stored in the STATCOM capacitors were used for this 

purpose, the voltage in the DC stage would be reduced. 

To avoid this situation, the voltage angle of the converter, 

𝐸𝑆𝑇, which is delayed by a very small angle (of the order 

of 0.1º to 0.2º) with respect to the voltage of the network, 

𝑈𝑆, is acted upon. 

In this way, the STATCOM absorbs a small amount of 

active power from the network to cover the internal losses, 

maintaining the voltage in DC stage at the set point level. 

The absorption or generation of active power can be used 
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to increase or reduce the voltage in the DC stage, which 

allows modifying the amplitude of the output voltage of 

the electronic converter, 𝐸𝑆𝑇, and therefore, the reactive 

power generated or consumed by the STATCOM, 𝑄𝑆𝑇. 

In Figure 2a, current-voltage operation characteristic of the 

STATCOM is shown. It is observed that it has a regulation 

slope, which oscillates between a maximum value and a 

minimum voltage value, 𝑈𝑆𝑚𝑎𝑥 y𝑈𝑆𝑚𝑖𝑛.  

This slope determines the variation of reactive current as a 

function of voltage variation in the controlled node. In 

addition, the STATCOM is able to maintain the reactive 

capacitive and inductive current at its maximum value 

regardless of the network voltage. Likewise, the 

STATCOM has an additional transitory capacity in both 

the capacitive and inductive operating regions. These 

electronic devices usually have a very short transient 

overcurrent time, which depends on the maximum 

temperature allowed by semiconductors. 

On the other hand, in Figure 2b, the reactive voltage-

reactive power characteristic of the STATCOM is shown, 

it can be seen that its capacity to absorb or generate 

reactive power has a linear relationship with the voltage. 
 

 
Figure 2. STATCOM Operation Curves 

(a) V-I Voltage-Current / (b) Q-I Reactive Power-Current 
 

The dynamic equation that governs the behaviour of DC 

stage of the STATCOM, without considering the losses in 

the capacitor is: 

 
Where 𝑈𝑑𝑐 is the capacitor voltage, 𝐼𝑑𝑐 is the current in the 

capacitor and 𝐶𝑆𝑇 is the capacity of the capacitor. 
 

 
Figure 3. Active power balance diagram of STATCOM 

 

The practical implementation of the dynamic model of DC 

stage involves the calculation of the voltage in the 

capacitor, 𝑈𝑑𝑐, at any instant of time. From figure 3, it is 

deduced that the intensity that circulates through the 

condenser is equal to: 

 
Where 𝐼1 is the DC current that enters the DC stage, and 

that in the case of the STATCOM, since there is no 

external power source, it is equal to zero, 𝐼1 = 0. Them 𝐼2 

is the current that enters the electronic converter. The 

variations of the capacitor voltage are determined as a 

function of the energy stored in this element in the form of 

an electric field. If you multiply both members of the 

previous expression by the tension 𝑈𝑑𝑐 you get: 

 
If this expression is rewritten in terms of energy and 

power, the following expression is obtained: 
 

 
Where 𝑊𝐶 = 1/2 . 𝐶𝑆𝑇 ∙ 𝑈𝑑𝑐

2 is the energy stored in the 

capacitor while 𝑃𝑑𝑐 = 𝑈𝑑𝑐 ∙ 𝐼2 is the active power that 

exchanges the capacitor with the network through the 

electronic converter. From the previous expressions, the 

voltage in the continuous stage is calculated: 
 

 
 

Where 𝑈𝑑𝑐 (0) is the initial voltage of the capacitor. 

Currently, some manufacturers design STATCOM devices 

with an overload capacity that can range from -3 p.u. 

capacitive and +3 p.u. inductive for 2 or 3 seconds. 
 

METHODOLOGY 
 

The study of the impact of STATCOM on the transitory 

response of a wind farm equipped with fixed-speed wind 

turbines consists in carrying out the following studies: 
 

• Analysis of influence of the STATCOM on the transitory 

response and the continuity of supply of the wind farm 

when a 2 MVA STATCOM with an overload capacity of 

three times its nominal power is connected to each wind 

turbine. We will call this type of connection "machine 

solution", since each wind turbine has a reactive power 

compensation device. 

Figure 4 shows, schematically, the machine solution to 

analyse the influence of the STATCOM on the transient 

response of the wind farm.  
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• Analysis of influence of STATCOM on the transitory 

response and the continuity of supply of a wind farm type 

equipped with fixed-speed wind turbines when a 

STATCOM is connected on the medium voltage side of 

substation. We will call this type of connection "wind 

farm solution".  

The study proposes to compare the influence of a 

STATCOM of 100 MVA with no overload capacity and 

another of 50 MVA with capacity of overload of up to 

three times its nominal power in the transient response of 

the wind farm. Figure 5 shows, in a schematic way, the 

proposed wind farm level solution to analyse the influence 

of STATCOM. [4][5] 

The dynamic model of the STATCOM and the wind farm 

equipped with fixed-speed wind turbines has been 

implemented with the DIgSILENT Power Factory 

software. 

 
Figure 4. “Machine Solution”. Connection of STATCOM to 

each 2 MW turbine of  50 MW wind farm. 
 

 
Figure 5. “Wind Farm Solution”. Connection of STATCOM in 

the transformer substation of 50 MW wind farm. 
 

A wind farm was modelled with 25 fixed-speed wind 

turbines of 2 MW each. From an operational point of view, 

it is necessary to determine if the wind turbine or the wind 

farm remains connected to: 

• small frequent variations in a time range of 10 minutes, 

• large variations in a time range of 60 minutes, 

• variations after a short circuit. 

The following criteria were used: 
 

• The turbine protection systems do not act during the 

simulation period and, therefore, do not disconnect the 

wind turbine. However, it is verified if the evaluated 

parameters of the turbine exceed the threshold values of 

the different protection systems. Table 1 shows the 

characteristic values of wind turbine protection systems. 
 

• The exchanges of active and reactive power, both during 

the period of duration of the voltage gap and in the 

recovery period after the clearing of a three-phase or two-

phase fault, must be within predetermined limits. 

 
Table 1. Typical trigger thresholds of protection systems. 

 

In relation to the point consumption of energy and power 

(active and reactive) during the voltage gap and the period 

immediately after the fault clearing, three clearly 

differentiated zones are defined. [6][7][8][9][10]. 

Zone A corresponds to the first 150 ms after the beginning 

of the voltage gap, zone B is defined as the period from 

150 ms to 500 ms of duration of the gap, while zone C 

corresponds to the 150 ms immediately after clearance of 

the fault. 

 
Figure 6. Differentiated zones of voltage gap  

 

Figure 6 shows schematically the zones, differentiated 

from a voltage gap and the established limits of energy and 

power consumption (active and reactive) and reactive 

current of wind power installation before a two-phase and 

three-phase gap. 
 

RESULTS 

 Machine Solution 

Figures 7 to 10 show the results obtained for wind farm 

when the machine solution was applied to three-phase fault 

of 500 ms and a residual voltage of 20% at the connection 

point. The transitory response of wind farm is compared 

for the following cases: in the first case, the wind turbines 

of wind farm do not have STATCOM and in a second case, 

a STATCOM of 2 MVA with a capacity is connected to 

each wind turbine of the wind farm overload up to three 

times its rated power. 

Figure 7 shows the influence of the STATCOM on the 

voltage at the connection point. 
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Figure 7: Impact of STATCOM on the recovery of voltage for a 

wind farm with turbine solution. 
 

As the STATCOM overload capacity increases, it 

significantly improves the voltage response immediately 

after the fault clearing, due to the injection of reactive 

power at the time of magnetization of the asynchronous 

generators, reducing the total reactive power consumption 

of the wind farm at that moment. It is observed from 

figures 7 and 8, that the voltage and reactive power at the 

connection point, in the case that the wind turbines do not 

have STATCOM and connect a STATCOM without 

overload capacity, do not recover their values prior to the 

is missing while in the case of a STATCOM with overload 

capability, if they recover. 
 

 
Figure 8: Influence of STATCOM in a wind farm with turbine 

solution on reactive power. 
 

Figure 9 shows the influence of STATCOM on the 

transient response of the speed of a wind turbine in the 

park. It is observed that in the case of not having a 

STATCOM, the speed of turn presents an unstable 

response accompanied by large oscillations. If a 

STATCOM with no overload capacity is connected to the 

wind turbine, the power oscillations are damped slowly. 

Finally, in the case of connecting a STATCOM with an 

overload capability, the oscillations of the speed of 

rotation are quickly damped and reach their values before 

the fault. 

 
Figure 9: Influence of the STATCOM in a wind farm with 

turbine solution on the speed of rotation. 
 

In Figure 10, the response of the active power of the wind 

farm is shown. As in the figures previously analyzed, only 

when a STATCOM with overload capability is connected, 

the active power recovers its value before the fault once it 

has been cleared. Likewise, when the wind turbines are not 

connected in parallel to a STATCOM or if the STATCOM 

does not have an overload capacity, the active power of the 

park suffers large oscillations and does not recover its 

value before the fault. 
 

 
Figure 10: Influence of the STATCOM in a wind farm with 

turbine solution on the active power. 
 

Analyzing the results, it is observed that a fixed-speed 

wind farm without any reactive power compensation 

device does not meet the requirements for reactive power 

consumption in zone B and reactive power consumption 

and reactive intensity in zone C. In the case of connecting 

a 2 MVA STATCOM in parallel to each wind turbine, the 

park meets the requirements for reactive power 

consumption in zone B and for reactive power 

consumption and reactive current in zone C. The results 

allow to deduce that STATCOM overload capacity 

increases and the energy consumption and reactive current 

in zone C is reduced. 
 

 Wind Farm Solution 

A second study analyses the transitory response of the 

wind farm when a wind farm solution is applied. The 

influence on a wind farm is compared with a STATCOM 

of 100 MVA with no overload capacity and a STATCOM 

of 50 MVA with overload capacity of up to 3 times its 

nominal power. In Figure 11, the influence of the 

STATCOM on the voltage at the connection point is 

shown, it is observed that the 50 MVA STATCOM with 

overload capacity produces a more significant 

improvement than the 100 MVA STATCOM with no 

overload capacity. In addition, it is observed that without 

reactive compensation devices the wind farm will be 

disconnected when exceeding the maximum admissible 

values. 

In Figure 12, the response of the reactive power of the 

wind farm is shown. The reactive power injection of the 

STATCOM without and with overload capacity reduces 

the reactive power consumption and makes the operation 

of the wind farm stable, since the reactive power reaches 

its value before the fault, once the voltage gap has been 

cleared. 
 

PCC Voltage, Wind Farm AFIG. [p.u.]
PCC Voltage, Wind Farm AFIG+STATCOM. [p.u.]

PCC Voltage, Wind Farm AFIG+STATCOM (Overload x 2). [p.u.]

PCC Voltage, Wind Farm AFIG+STATCOM (Overload x 3).  [p.u.]

LAT: Reactive Power, Wind Farm AFIG. [MVAr]
LAT: Reactive Power, Wind Farm AFIG+STATCOM. [MVAr] 

LAT: Reactive Power, Wind Farm AFIG+STATCOM (Overload x 2). [MVAr]

LAT: Reactive Power, Wind Farm AFIG+STATCOM (Overload x 3).  [MVAr]

ASINC 1: Generator speed AFIG [p.u.] 
ASINC 1: Generator speed AFIG+STATCOM. [p.u.] 

ASINC 1: Generator speed AFIG+STATCOM (Overload x 2) [p.u.]

ASINC 1: Generator speed AFIG+STATCOM (Overload x 3).  [p.u.]

LAT: Active Power, Wind Farm AFIG [MW] 
LAT: Active Power, Wind Farm AFIG+STATCOM. [MW]

LAT: Active Power, Wind Farm AFIG+STATCOM (Overload x 2) [MW]
LAT: Active Power, Wind Farm AFIG+STATCOM (Overload x 3) [MW]
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Figure 11: Influence of the STATCOM with wind farm solution 

on the voltage at the connection point. 
 

 

 
Figure 12: Influence of the STATCOM with park solution on 

the reactive power of the wind farm. 
 

 
Figure 13: Influence of the STATCOM with park solution on 

the speed of the wind turbine. 

In figure 13, it is observed that the connection of a 

STATCOM on the medium voltage side of the transformer 

substation reduces the oscillations of the speed of rotation 

and shows a clearly damped response, reaching the speed 

of rotation in a few seconds the value before the lack. 

In Figure 14, the response of the active power of the wind 

farm is shown. Only in the case of the connection of a 

STATCOM, the response of the active power to a voltage 

gap presents a clearly damped evolution. 

Finally, analysing the curves result that the wind farm 

complies with the requirements for the consumption of 

active and reactive energy, active and reactive energy and 

reactive current in the different areas to characterize the 

voltage gap. 

Also, it is observed that a fixed-speed wind farm without 

any reactive power compensation device does not meet the 

requirements for reactive power consumption in zone B 

and reactive power consumption and reactive intensity in 

zone C.  

On the other hand, in the case of connecting on the medium 

voltage side of the transformer substation, a STATCOM 

of 100 MVA without overload capacity or a STATCOM 

of 50 MVA with overload capacity of up to three times its 

rated power, the park complies the requirements for 

reactive power wind farm in zone B and for reactive 

energy consumption and reactive intensity in zone C. 
 

 
Figure 14: Influence of the STATCOM with park solution on 

the active power of the wind farm. 
 

CONCLUSIONS 
In this article it has been shown that the connection of 

STATCOMs considerably improves the transient response 

of the fixed-speed wind farms as well as their ability to 

maintain continuity of supply to three-phase voltage gaps. 

Likewise, it is observed from the obtained results that the 

connection of STATCOMs in the wind farm, both in the 

machine solution and in the wind farm solution are 

technically equivalent, that is, in both cases, the wind farm 

complies with the technical criteria regarding the ability to 

maintain supply continuity. The choice of one or the other 

solution will depend on the economic cost involved in a 

given technical solution. 

Notwithstanding the foregoing, the most important thing 

from the point of view of operation of distribution system 

is that incorporation of devices such as STATCOM, makes 

possible the integration of intermittent renewable sources 

respecting the requirements set by the network operator. 

The criteria for analysis and the methodology described in 

this paper was used in the electrical studies for the 

integration of the Rufino Wind Farm (50 MW) to the 132 

kV network of the EPESF company. (Distribution 

Operator System in the Province of Santa Fe, Argentina). 
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