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Abstract - In recent years, wind farms began playing an

energy sources can sometimes get scarce or even used up
completely. In this sense, wind energy is the more attractive
energy source since it is abundant, clean and its use is
feasible for the generation of electricity from the economical
point of view. Recently, the wind farms interconnected to the
electrical grid have grown exponentially due to technological
advances in areas such as power electronics, electric
machines and wind turbines. Since 1998, the total wind
power capacity installed worldwide has submitted an annual
average growth rate of 30% [4]; it is worth noting that most
installed wind power capacity has taken place in the past five
years. Due to these new installations, companies dedicated
to the energy sector have faced new problems, mainly
related to the reliability of the power supply and the quality
of it. For this reason, many research works have focused
their attention on these two main problems derived from the
integration of wind farms to the electrical grid, proposing
new alternatives and control approaches that contribute to
improve the power quality and deal with these problems.
Now, the fact that there are wind farms interconnected to
the electrical grid is not synonymous of power quality
problems and much less that the wind farm is the source of
the power quality problems.

important role in the framework of renewable energies. The
increase of such wind farms interconnected to the electrical
grid is an important factor that must be considered due to the
effects on power quality that can be derived from it; at the
same time, wind farms can be affected by power quality
problems from the electrical grid. In this regard, this paper
describes how wind farms interconnected to the electrical grid
affect the power quality and how these in turn can be affected
by faults from the electrical grid. This paper shows the most
representative solutions that have been addressed in several
works to counter these problems.
Key Words: Wind farm, renewable energies, electrical grid,
power quality.

1. INTRODUCTION
It is well known how the world has become deeply
dependent on electricity, in such way that problems with the
electricity supply can trigger other problems. Problems that
range from data loss, damage to certain electrical device or
equipment (critical loads), to commercial problems and even
economic problems. Situations highlight the importance of
ensuring, as far as possible, not only the availability and
continuity of the electrical energy, but also, its quality.

2. POWER QUALITY PROBLEMS OF WIND FARMS
CONNECTED TO ELECTRICAL GRID
The power quality depends on the interaction between the
wind farms and electrical grid. In addition, wind farms
interconnected to the electrical grid do not only affect the
power quality of grid, this last one can also affect the power
quality of the entire wind farm. The power quality problems,
in relation to the wind farms interconnected to the electrical
grid can be tackle from two fundamentals perspectives:

The power quality has become a concept widely used in
recent years due to the increase of sensitive loads, the
proliferation of nonlinear loads and switching devices and,
above all, to a greater awareness of the consequences
associated with the use of electrical energy of poor quality
[1]. Many problems related to the power quality are
originated in the electrical grid, since it extends through
thousands of miles of transmission lines it is subject to
factors like: climatological conditions, the distribution
components quality, the type of loads connected to it (e.g.
nonlinear loads as switching devices), the operating
condition of all of the energy sources, conventional or not,
which provide energy to the grid, etc. [2]. The term “power
quality”, or more specifically, a disturbance in the power
quality refers to a wide variety of electromagnetic
phenomena that characterize the voltage and current at a
given time interval and at a specific point in the electrical
system [3]. In addition, the negative effects have become
obvious, mainly to the environment that can be caused by
the use of non-renewable energy sources (oil, gas and coal).
Added to this, the fact cannot be discounted that these
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Power quality problems in electrical grid side.
Power quality problems in wind farm side.

2.1. Power quality problems in electrical grid side
The electrical grid experiments a large number of power
quality problems; in [3] are listed six categories of power
quality problems in electrical power systems, those are
transients, short and long duration rms variations, imbalance, voltage and current waveform distortions, voltage
fluctuations and power frequency variations. Power quality
problems can be cataloged in two main categories in relation
with the characteristic of the disturbance [5]:
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Steady state disturbances: The steady state disturbances
refer to variation of the voltage or current of their nominal
value, besides the distortion and the degree of balance
between phases. In this category are included imbalance,
waveform distortions and voltage fluctuations.

Therefore, the induced rotor voltage harmonic distortion is
different from in the stator. This effect is more serious in the
case of unbalanced stator voltage, which is very common in
practical electrical grid. The stator current harmonics will
create components of the magnetic field that rotate at a
different speed from the fundamental speed resulting in
undesired torque or power pulsations which may increase
fatigue on the mechanical components; also can result in
fluctuations in the dc bus voltage, reducing the reliability of
converter as well as life time. Furthermore, these harmonics
may also increase the core and copper losses (skin effects)
reducing the generator efficiency. The inaccuracy in the
control of active power and/or reactive is another problem
that can occur. In this scenario, several control approaches
have been implemented to reduce the presence of the main
undesirable voltage harmonics from the electrical grid, such
as the 5th, 7th, 11th and 13th order components [15]. On the
other hand, in [10, 11, 16-18] have been proposed various
control methods to remove the stator current harmonics in
the presence of voltage harmonics content from the
electrical grid.

Transient disturbances: These are characterized by a
voltage and current abnormal level; a transient disturbance
can be detected when a maximum or minimum magnitude
exceeds a specified threshold. In this category are included
transients, short and long duration rms variations and power
frequency variations.
On the other hand, it is well known that poor power quality in
the electrical grid mainly affects the loads connected to it and
even to the power generation plants. In this respect, wind
farms interconnected to the electrical grid are not excluded of
experiment the negative effects of some power quality
disturbances from the electrical grid. According to [6-9], the
most significant power quality problems in the electrical grid
that affect the wind farms are the voltage harmonics and
short duration rms variations – sags.
2.1.1 Voltage harmonics

2.1.2. Short duration rms variations – sags.

The wind turbine is conformed by a transformer, the
rotating machine and the turbine where the most common
rotating machine used is the doubly fed induction generator
(DFIG). The DFIG, as a fundamental part of a Wind Energy
Conversion System (WECS), are interconnected to the
electrical grid through the stator terminals of the machine;
this configuration contains a three-phase wound rotor
induction machine fed from the stator and the rotor
windings as shown in Figure 1. Typically, wind farms are
located in remote areas, at the end of the transmission lines,
where the electrical grid is often weak and may contain
harmonics of lower order and interharmonics components
[7]. It has been shown that the spectral components that are
present in the stator current at multiples of the fundamental
frequency are mostly results from the voltage distortions of
the electrical grid [11, 14]. Similarly, it was shown that this
observed current is slip dependent and this relation of
frequencies can be calculated through a set of analytical
expressions. Besides, the harmonic components have
different gains and different behaviours in relation to the
rotor speed.

Short-duration voltage variations are usually caused by fault
conditions, the energization of large loads, which require
high starting currents or intermittent loose connections in
power wiring. Depending on the fault location and the
system conditions, the fault can cause temporary voltage
rises (swells), voltage dips (sags), or a complete loss of
voltage (interruptions). A sag is a decrease in rms voltage to
between 0.1 pu and 0.9 pu for durations from 0.5 cycles to 1
minute [3]. In particular, the WECS based on DFIG are very
sensitive to the voltage sag from the electrical grid, due to
the stator is directly connected to the electrical grid; thus,
the DFIG shows little ability to overcome sags and is
necessary to consider control actions to prevent that a
disturbance of this nature takes out of service to the WECS.
Some of the negative consequences that the WECS based on
DFIG experience in the presence of voltage sag are severe
oscillations of the stator flux. The negative sequence and dc
components in the stator flux have a large slip with respect
to the rotor, which induces an electromotive force (EMF) in
the rotor circuit, thus the machine behaves as a voltage
source in series with the transient inductance and the rotor
resistance as shown in Figure 2. In order to avoid losing the
current control and considering no-control actions to
prevent disturbances, the frequency converter should be
sized to be able to deliver a voltage equal to the maximum
supply voltage, i.e., a voltage similar to the stator rated
voltage. Nevertheless, this would imply a frequency
converter with a rated power similar to the generator, losing
therefore one of the main advantages of this kind of power
conversion device.

Fig -1: Configuration of the DFIG interconnected to the
grid.
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developed in the literature in order to prevent damage and
disconnection of the WECS during voltage sags as well as, in
some cases, make the WECS provide support to the grid by
supplying reactive power to the system. In this context, there
are two perspectives to improve LVRT capability of a WECS:
implementing protective measures outside the WECS [26,
27] and implementing control alternatives directly to WECS
[28, 29]. The outer protective measure most commonly used
to increase the LVRT capability is the Flexible AC
Transmissions Systems (FACTS); a description of the
contributions of different types of FACTS used to improve
LVRT capability in the WECS is exposed in [26, 27]. On the
other hand, in relation to control alternatives directly
implemented in WECS, there are three basic solutions that
can be distinguished in literature: the active crowbar circuit
rotor [30, 31], the dc bus energy storage circuit [32-36] and
the rotor current control through control of the machine flux
[21,37-39].

Fig -2: Equivalent circuit considering the behavior of the
machine as a voltage source.
If the frequency converter is sized for a voltage lower than
the voltage presented in the rotor terminals, the rotor
current will remain uncontrolled transitorily. In this way, the
overcurrent will depend on both the maximum value of the
voltage that can generate the converter and the rotor
transient inductance and resistance. These elements often
have a small value, and therefore high overcurrent’s are
likely to appear and can eventually destroy the rotor side
converter (RSC) if not protective measures are employed. On
the other hand, another consequence of voltage sag is the
increasing of the dc bus voltage due to the overcurrent flows
to the dc link capacitor through the flywheel diodes of the
RSC. All these sets of negative affectations lead to the DFIG to
have an acceleration and torque pulsations since there is an
imbalance between the power delivered to the electrical grid
and the mechanical input power [12, 20-24]. Worth
mentioning that when the voltage sag is present, the
negative consequences appear mainly in initial stages and
the end of the fault period, that is, the stages of the voltage
sag start and the voltage recovery, occurring maximal
torque, rotor current and dc bus voltage in the last one.
Taking in account the description of undesired behaviors of
the WECS variables in the presence of voltage sag, it is
difficult to deal with voltage sags form the electrical grid just
by implementing a control approach applied to the RSC. In
the past, when a WECS had to deal with a voltage sag, the
solution implemented by the operators of the WECS was to
short-circuit the rotor terminals and disconnect the WECS
from the electrical grid; the above in order to protect the
frequency converter of overcurrent’s and overvoltage’s
derived of such temporal voltage variation [20,25]. However,
due to the high penetration of wind systems that are
currently interconnected to the electrical grid, many
countries have revised their grid codes and established new
requirements for high availability and stability of electrical
power systems. One of these requirements stipulates that
WECS must provide LVRT capability, which means that the
WECS must remain connected to the grid within a certain
voltage range and for a period; even should provide a certain
amount of reactive power to the system [21, 24]. Figure 3
shows an example of a typical LVRT requirement. The
voltage vs time curve describes the minimum requirement of
WECS immunity in the Point of Common Coupling (PCC),
namely when the voltage at the PCC is above the LVRT curve
(white area) the WECS must remain connected and should
only disconnect from the electrical grid if voltage takes
values below the curve. Several LVRT strategies have been
© 2017, IRJET
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Fig -3: Example of typical LVRT requirement.
2.2. Power quality problems in wind farm side
It is necessary to remember that the WECS interconnected to
the electrical grid are not only affected by the poor power
quality, but they can also possibly affect the power quality in
the electrical grid. There are a variety of disturbances in
power quality, however, the disturbances that play a crucial
role in the WECS interconnected to the electrical grid are:
voltage variations (flicker), frequency variations and
harmonics propagation [40-42].
2.2.1. Voltage fluctuations and flickers
The voltage fluctuations in the electrical grid are caused
mainly by varying loads and by the energy production units.
For its part, the amount of energy from the WECS may vary
due to the different aerodynamic effects like the wind speed
(turbulence), the tower shadow effect, the yaw error,
misalignment and the wind gradient [43,44]. Tower shadow
effect is produced owing to the wind turbine tower offers
resistance to the wind flow and it disturbs wind flow. Far
from the tower, influence wind speed is constant, while it
increases when approaches the tower and decreases when
coming closer. On the other hand, the wind speed gradient
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also produces torque oscillations along the size of the area
covered by the blades. Some other effects that affect the
power fluctuation may appear, for example, drive-train
oscillations, the tower resonance, the emergency momentary
stoppages (where the wind turbine goes from full production
to a stop) and the starts with wind gusts at high speed.
Because of all these issues the torque up to 20% of the mean
value, in order of three times per revolution for a three
bladed wind turbine. This frequency is normally referred to
as 3p. Thus, power variations are in the region of 0.05 to 42
Hz and in a time interval of the order of 10 seconds, minutes
or more (systematic fluctuations), or until very small as a
fraction of a second (random fluctuations). The torque
oscillations produce power fluctuations at PCC and in
consequence voltage fluctuations too. In this way, it must be
clear that the voltage fluctuations depend on the parameters
of the wind, the turbine characteristics and the electrical grid
parameters, such as short circuit capacity ratio (SCR) or X/R
ratio [45]; however, power fluctuations depend of all of
these factors except of the electrical grid parameters.

grid, VPCC is the voltage at PCC, P and Q is the active and
reactive power produced by the WECS respectively, Rg and
Xg are the grid resistance and reactance, ∆V is the voltage
droop over the grid impedance and Ig is the generator
current. The expression (1) describes mathematically this
relationship and from this once, it is evident that the voltage
at PCC depends, among other parameters, on the active and
reactive power.

In the same sense, the voltage across the transmission line
can be approximated with the following expression [45, 47]:

Voltage fluctuations are commonly called flicker, the flicker
is defined as the visual impression of the fluctuation in
brightness or color, which occurs when the frequency of the
observed variation is between a few hertz and the frequency
of image fusion, according to the Standard Dictionary of
Electrical and Electronic Terms of IEEE (IEEE standard 1001977). Previously, the flicker was considered a problem
exclusive of power quality lighting loads, but now we know
that it can affect other loads such as motors, electronic
systems, and process controllers, among others [46]. In this
context, flicker can become a limiting factor for connecting
wind turbines at weak grids and even on relatively strong
grids with a great amount of wind power connected. A flicker
measurement at the PCC can be done to evaluate the flicker
contribution from the WECS to the electrical grid; but doing
the measure at the PCC has the disadvantage of measuring
not only the contribution of the flicker produced by the
WECS, but also the flicker contribution caused by others
producers and consumers connected to the same PCC. For
this reason, the flicker emission evaluation of a wind turbine
is based on current or power measurements instead of
voltage measurement. The flicker level can be measured
either by the short-term flicker severity (Pst) or by longterm flicker severity (Plt). The choice of using one or the
other lies in the particular working cycle of each source of
flicker. The Pst is appropriate for evaluating individual
disturbance sources with a short duty cycle, as in the case of
WECS, and is measured in a time interval of ten minutes.
Moreover, if there is a scenario where there are loads
operating randomly (e.g. motors, welding machines) or loads
with long and variable working cycles (such as arc furnaces),
the Plt is more suitable and this is measured in a time
interval of two hours. The design and operation of the flicker
meter are specified in IEC Standard 868. One way to describe
the relationship between the voltage variation, the grid
impedance, the active and reactive power is through the
analytical method. It uses a simple impedance model, which
is shown in Figure 4, where VN is the nominal voltage of the
© 2017, IRJET
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Fig -4: Representation of a WECS interconnected to the
grid.
And taking into account to φk= tan-1(Xg ⁄ Rg) as the grid
impedance angle and φ= tan-1 (Q ⁄ P) as the power factor
angle, the equation (2) can be expressed as:

The grid impedance angle has a crucial importance due to
the voltage fluctuations and can be canceled by the
appropriated flow of reactive power. The determining factor
is the difference between the grid impedance angle and the
power factor angle, which is operating the WECS.
A reduced voltage fluctuation and consequently a reduced
level of flicker are obtained when the angle difference
between the grid impedance and the angle power factor
approximates to 90 degrees [45, 48]. WECS based on
Synchronous Cage Induction Generator (SCIG) absorbs
reactive power from the electrical grid while it is generating
active power; for this type of WECS, the minimum flicker
emission occurs at a grid impedance angle between 60 to 70
degrees [45], this configuration is shown in Figure 5. This
scenario becomes different in the case of WECS based on
DFIG, which is capable of controlling the output active and
reactive power; commonly, the power factor in the output of
a WECS remains close to a unity power factor, which means
that the reactive power delivered or consumed by the WECS
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is almost zero. In this case, the value of the grid impedance is
the factor, which affects the flicker emission from the WECS;
when the grid impedance angle increases, the grid
impedance decreases which results in reduced flicker
emission. For its part, the relationship between the Short
Circuit Capacity Ratio of the electrical grid and the shortterm flicker severity is almost inversely proportional. This
relationship also applies for the WECS based on DFIG. The
higher the short circuit capacity ratio, the stronger the grid
where the WECS is connected and is expected that WECS
would produce greater levels of flicker in weak grids than in
stronger grids. However, for a wind farm, each WECS may
experience different instantaneous wind speeds, which
results in different levels of active power in terminals of each
WECS. Thus, the reactive power for each WECS also will be
different. Therefore, it is inappropriate to represent wind
farms using models built, so each WECS must be included as
a separate module in the modeling of the complete system.
Additionally, worth noting that power measurement from a
single wind turbine usually shows a large fluctuation of
output power.

2.2.2. Current harmonics and resonance
The harmonic emissions are recognized as a power quality
problem for modern WECS based on DFIG. Understanding
the harmonic behavior of this kind of WECS is essential in
order to analyze their effect on the electrical grids where
they are connected. Taking into account that the rotor
terminals of the DFIG are accessible, the rotor is fed by a
variable frequency (fr), variable magnitude three phase
voltage generated by a RSC. This AC voltage injected into the
rotor circuit will generate a flux with a frequency fr if the
rotor is standing still. When the rotor is rotating at a speed
fm, the net flux linkage will have a frequency fr+fm. When the
wind speed changes, the rotor speed fm will change and in
order to have the net flux linkage at a frequency 60 Hz, the
rotor injection frequency should be adjusted [56]. Thus, the
stator current harmonics are mainly due to the operation of
the RSC, and the rotor circuit harmonics depend on the
switching of the Grid Side Converter (GSC), but their
frequency is modulated by the operating slip of the
generator; usually sinusoidal pulse width modulation
(SPWM) is used to generate three phase sinusoidal rotor
voltage. In order to reduce the switching losses, a six step
switching technique is used resulting quasi-sine waveforms
in rotor voltages [57, 58]. In addition, the induced
frequencies in the rotor, due to the harmonics in the stator,
are not harmonics of the rotor fundamental frequency and
vice versa. However, it is important to mention that the
harmonic frequencies of both, stator and rotor, will
significantly affect the harmonic content of the current and
voltage signals of the rotor and stator, and this will induce,
with respect to WECS, speed ripple. This is because the
change of operating condition will affect the interaction
between a harmonic current and the fundamental
magnetizing current, which gives rise to a pulsating torque.
As the operating point changes, the damping effect of the
generator to the speed ripple will also change [58]. In
perspective, these harmonic conditions in the WECS also
provide to the electrical grid a poor power quality. To solve
the problem, the harmonics should be eliminated in the rotor
supply voltage. This can be achieved either by modifying the
switching strategy of the rotor supply inverter, using an
active filter to reduce or eliminate the rotor harmonics or
implementing a control strategy to minimize rotor current
harmonics and its consequences in the variables of the WECS
[56, 59].

Fig -5: Configuration of synchronous cage induction
generator interconnected to the electrical grid.
Because many turbines are connected in a wind farm, the
power fluctuation from one turbine may cancel that of
another, which effectively rectifies the power fluctuation of
the overall wind farm [54]. However, an important point to
consider is that when the wind speed is high and the angle of
the grid impedance is low, it is difficult to mitigate flicker
only by reactive power compensation [43].
Considering this limitation, in [52, 55] the incorporation of
an ESS based on a supercapacitor is proposed. The base for
this approach lies in the fact that in the presence of flicker,
the dc bus also fluctuates. It is important to note that the
addition of an ESS to the dc bus achieves to counter the
negative effects of two problems of power quality: flicker
and sags [29, 32]. Whatever the solution adopted, the flicker
emission of a WECS based on DFIG will be mitigated when
the difference of the angles φ-φk is controlled to be close to
90 degrees [45].
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On the other hand, most WECS use full or partial power
electronics converters and they are not a significant source
of harmonic injection by themselves due to all the harmonic
emission that are below the limits imposed by the grid codes.
Even if harmonics are within limits, they can be of significant
concern when system resonance frequency is close to these
harmonic frequencies [60]. The integration of WECS to the
electrical grid will result in additional capacitance, which in
turn will result in new harmonic resonances and in the shift
to lower frequencies of harmonic resonances. The increase
in capacitance comes in three forms:
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•Capacitor banks for power-factor correction at the

terminals of induction generators and/or at the PCC,
•Medium-voltage cables in the collection grid and
•Long high-voltage cables connecting large wind parks with
the sub transmission or transmission grid [61].
One main objective of a harmonic analysis is to characterize
the potential of the wind collector system for series and
parallel resonance conditions. Series resonance problems
are characterized by series inductance and capacitance
driven by background harmonic voltages from the grid (see
Figure 6). Series resonance point are identified by dips in the
frequency scan on the high side of the interconnect
transformer. The relatively small impedances at the series
resonance points can result in high harmonic currents. Series
resonance is a condition when a low impedance is seen at
resonant frequency, producing high voltage distortion even
in installations with a low emission. This voltage distortion
might damage the electrical equipment installed in the same
bus, such as capacitor banks. The high harmonic currents
through the transformer may also result in overheating of
the transformer or cause an unwanted trip of the
transformer protection [62, 63]. Parallel resonance points
magnify voltages and are identified by peaks in the driving
point impedance on the medium voltage side of the
transformer (see Figure 7). Parallel resonance concerns
occur when wind turbine harmonic current sources excite
resonant point (relatively high impedances) resulting in
significant harmonic voltages. In other words, parallel
resonances are associated with high impedance at harmonic
frequencies resulting in high voltage distortion at the
terminals of emitting loads, as in the case of WECS, or other
installations; this voltage increase leads to a large harmonic
current through the capacitor banks. Worth noting that
potential problems due to harmonic resonance occur, more
frequently than the problems directly related with problems
due to harmonic emissions. This confirms that the main
harmonic concern with wind farm installations is not their
emissions, is their contribution to harmonic resonances.
Thus harmonic resonance analysis is a vital part in the
planning and operation of WECS inter-connected to the
electrical grid. Several resonance analyses with different
capacity of capacitor banks and operation modes have been
studied by calculation and simulation in the literature, like in
the case of [63, 64].
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Fig -6: Illustration of series resonance in a wind power
plant.
2.2.3. Frequency variation
Frequency control is essential for safe and stable performance in any power system. In past years, the majority of the
available electrical power was generated from synchronous
machines. The addition of synchronous generation to an
electrical system inherently increases the inertia response of
the system, which translates into an increased robustness.
Nowadays, electrical systems face an increased penetration of
WECS based on DFIG; this results in a reduction of inertia on
the power system or, put another way, in a reduction of
rotating mass "seen" by electrical grid. This is because the
control system of the DFIG decouples the mechanical and
electrical systems, avoiding in this way that DFIG responds to
changes in system frequency. In this regard, increasing the
WECS based on DFIG interconnected to the electrical grid;
significantly affect the frequency regulation and system
robustness regarding disturbances. Currently, Denmark,
Ireland and Spain are among countries that are facing this
problem of power quality due to the high penetration of
WECS interconnected to their electrical systems [65].
Nevertheless, given the latest technological advances in
relation to the increment of WECS control capacities, these
have been allowed to participate in the frequency control,
providing increased robustness of the electrical grid to which
they are interconnected, making sure wind energy
penetration can be carried out safely. According to the
literature, there are two general approaches to support the
frequency control, these are: the control of inertia, which uses
the kinetic energy stored in the rotor of the DFIG [66-69]; and
the primary frequency control (control deloaded), which is
based on the fact of move the optimal operation point if the
WECS and thereby exploit the kinetic energy now available
[69-72].
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These phenomena can cause oscillations in the generator
torque, voltage fluctuations, fatigue in the mechanical
components, and decrease in efficiency and in general a
reduction in the useful life time of the wind turbine, causing
great economic losses. Table 1 shows a summary of the main
power quality issues in wind farms and the electrical grid.
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