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Abstract—Due to increasing penetration of wind power,
traditional defense plans face new challenges. The challenge is
that at the operation hours with high wind speeds, capability
of conventional controllable generation for providing ancillary
security services is reduced to minimum. However, modern
wind turbines provide flexibility for very fast control of
generated active and reactive powers, inside design limits. Not
only the wind power plants (WPPs) connected at transmission
grid, also those connected at distribution grids can support
power system positively for ensuring grid stability. This paper
evaluates the possible contribution of wind turbines(WTs)
towards defense plans to improve security of the grid with
large wind penetration

I. INTRODUCTION

Majority of electrical power systems are aiming to reduce
their dependency towards fossil fuels in the face of growing
concerns for environment, increasing fuel price, energy con-
servation, and sustainable development. Wind energy is one
of the most promising and globally available energy resource
leading to high increase in wind power (WP) generation [1].

Striving for utilization of power system infrastructure to its
maximum capacity, reliability of network is compromised.
As can be seen in Fig. 1, most of the power systems are
operated with n-1 security constraints i.e. in “normal” or
“secure” state. If the system parameters are still within
admissible ranges but the system does not meet n-1 criteria
any more, power system is considered to be in “alert” state
(or endangered state) [2].

Fig. 1. Power System States

In alert state, as consequence of extreme or unforeseen
contingencies (faults, unwanted trippings, outages of equip-
ment etc.), admissible operational limits of power system
parameters could be violated and power system moves to

“emergency” state (a disturbed state). A system in emergency
state might not be able to fulfill its function with respect
to consumer supply and power transfers, but is not blacked
out. However, there is the risk of blackout mainly due to
loss of stability. Instability can be of short term or long
term; can concern the rotor angle, voltage or frequency;
and may be caused due to small or large disturbance [3].
When the system is in emergency state, relevant actions must
be taken immediately to prevent blackout [2]. In order to
minimize the impact of these rare but extreme contingencies,
i.e. in particular to prevent blackout, defence plans have been
developed and implemented by several utilities.

According to CIGRE’s Technical Brochure “Defense
Plans Against Extreme Contingencies”- Defense plans are
a set of coordinated automatic measures intended to ensure
that the overall power system is protected against major
disturbances involving multiple contingency events, gen-
erally not caused by natural calamity. Defense plans are
used to minimize and reduce the severity and consequence
of low probability and unexpected events and to prevent
system collapse. A defense plan can be considered as an
additional level of protection, designed to initiate the final
attempt at stabilizing the power system when a widespread
collapse is imminent. Individual System Integrity Protection
Schemes (SIPS)or Special Protection Schemes (SPS) such as
automatic generation run back schemes, load or generation
rejection, load shedding, reactive switching, bus or system
splitting, etc. are then regarded as coordinated elements used
within a defense plan [4].

Uptil now the existing defense plans have been planned
and developed without considering the high penetration of
renewable generations. However, with high penetration of
WP, characteristics and dynamic response of power systems
and its elements differ to a large extent with the existing
ones. This requires an attempt to investigate the modifica-
tions required for SPS settings. While the older fixed speed
wind turbines (FSWTs) can inherently contribute with inertia
to the power system, they lack control capabilities of active
and reactive power. Whereas, modern variable speed wind
turbines (VSWTs) do not inherently contribute to the system
inertia but due to their advance control features can emulate
inertia and control independently active and reactive power.
These capabilities make modern WTs capable of providing
defense support in terms of inertia and reactive power or
voltage support during transient period of an emergency.
This paper explores the opportunities and threats posed to
the existing defense plan procedures with high penetration



TABLE I
WIND TURBINE CAPABILITIES

Wind Turbine Capabilities

• Capability to regulate their power production during normal operation
– According to several national grid codes, WPPs must be able to regulate their power production to an imposed reference value, set remotely

or locally.
– VSWT has capability to independently control active and reactive power [5].

• Low Voltage ride through (LVRT) capability
– Modern WTs have abilities to withstand low voltage conditions during short circuit faults, stay connected during the fault and resume

their pre-fault normal operation shortly after the fault clearance [6].
– Typically, it translates to a ride-through requirement of 0.5 s for a voltage of less than 0.5 pu, which can translate to significant additional.
– Although the width and magnitude of the minimum voltage for LVRT are dictated by protection technologies and the location and type of

fault, the slope of the recovery likely depends on the strength of the interconnection and reactive power support, whereby stronger systems
could afford a much steeper increase and thus minimize the ride-through requirements of the generators [7].

• Voltage-reactive power control capability
– In most grid codes WPPs are asked to support the voltage of the power system in normal operation, by providing or absorbing reactive

power. Some particular grid codes require voltage support through reactive current injection during fault operation as well.
– The reactive power supply capability largely depends on the specific WT technology.
– VSWT schemes are able to provide additional reactive power through advanced control of their power electronics. DFIG type WT can be

equipped with a coordinated voltage control system to enhance the grid support, even during abnormal voltage conditions[5].
• Frequency-active power control capability

– As WPPs tend to substitute conventional units in the power system, they are often required to remain connected during frequency variations.
– But with high penetration, they would be required to contribute actively in the generation control of the system [8].
– WTs have to adjust their power output according to frequency deviations although the fluctuating nature of wind poses serious constraints

regarding the availability of active power.
– This feature becomes vital for non interconnected weak power systems, like island systems, whose inertia is restricted and frequency

variations often lead to severe load shedding [5].

of WP both at transmission and distribution grid (mainly
towards short term frequency and voltage stability issues).

II. WIND TURBINE CAPABILITIES

Table I provides the relevant control capabilities provided
by WTs. In general, the current grid codes that dictate
the connection of wind generators can be summarized by
the following requirements: (i) low voltage ride through
(LVRT)capability, (ii) reactive power capability, and (iii)
active power capability [9], [10]. LVRT is seen to be par-
ticularly important in terms of maintaining voltage stability,
especially when there is a high local concentration of WP
[7]. Most of the requirements define a typical power factor
range that the WPP should be at least able to maintain. For
FSWTs reactive power support are provided by capacitor
banks, static power converter based devices (SVC, TSC,
or STATCOM), while VSWTs are capable of controlling
reactive power independent of any such device [7].

III. DEFENCE PLANS

According to CIGRE definition, “power system stability
can be defined as the ability of an electric power system,
for a given initial operating condition, to regain a state of
operating equilibrium after being subjected to a physical
disturbance, with most system variables bounded so that
practically the entire system remains intact” [3]. The most
relevant stability issues with respect to WT capability to-
wards defense plan are presented and discussed as follows:

A. Frequency stability

Frequency stability is related to the ability of a power
system to reach and maintain a stable operating point
(sustainable from generators) following a severe disturbance
(resulting in a significant imbalance between production
and consumption). Instability that may result occurs in the

form of sustained frequency swings leading to tripping of
generating units and/or loads or in an aperiodic transient.
In large interconnected power systems, this type of situation
is most commonly associated with splitting of systems into
islands. Stability in this case is a question of whether or not
each island will reach a state of stable operating equilibrium
with minimum unintentional loss of load. It is determined
by the overall response of the island as evidenced by its
mean frequency [2]. Underfrequency protection meant for
power plants can disconnect them leading to separation of
the interconnected systems or blackout of the power system
and vice-versa for frequency rise [11]. As stated in [2]
frequency stability problems are associated with:

• inadequacies in regulation/control of power plants;
• poor coordination of control and protection equipment;
• unintentional protection trips leading to islands or high

load-generation imbalance;
• out of step of plants;
• voltage instability;
• insufficient generation reserve respectively excessive

power imbalance.

During frequency excursions, the time constants of the
processes and devices participating will range from fraction
of seconds (corresponding to the response of devices such
as underfrequency relays, generator controls and protections)
to several minutes (corresponding to the response of devices
such as prime mover energy supply systems and load voltage
regulators) [2]. In this sense, frequency stability may be a
short-term or long-term phenomenon.

There has been history of system collapse due to fre-
quency instability. In most of the cases, either defense plans
were not available or not sufficient to prevent the blackout.
Italian Blackout of September 28, 2003 [12] is such an exam-
ple where frequency decay was not controlled adequately to



stop generation from tripping due to underfrequency. Thus,
over the course of several minutes, the entire Italian system
collapsed causing a nationwide blackout. In the blackout in
Southern Sweden and Eastern Denmark at September 23,
2003 [13], the system experienced voltage collapse followed
by frequency collapse.

There are also events where blackouts could be prevented
by adequate defence plans. During 1999 storm in the South-
West of France, spread of loss of synchronism and frequency
instability could be avoided by correct activation of out-of-
step relays. The disturbance on November 4th, 2006 [14] at
UCTE is one of the most important phenomenon seen related
to cascading overload phenomena leading to a splitting of
the UCTE grid and large frequency deviations. Tripping of a
380 kV line due to overload and other cascading tripping led
to the final separation of the entire UCTE grid in three parts.
The countries in the Western part were in power deficiency
situation of about 9 GW. That led to a frequency drop down
to about 49 Hz stopped by automatic load-shedding and by
tripping of pumping storage units. The tripping of small
and/or distributed generation units due to under frequency
increased power/consumption unbalance. The countries in
the South-Eastern area encountered a slighter deficiency of
power which led to a frequency drop to about 49.7 Hz
and were not seriously affected by the disturbance. The
countries in the North-Eastern area encountered a surplus
of generation. The value of frequency was over 50.5 Hz in
most of the cases and it peaked at 51.4 Hz. It was observed
that a more efficient and coordinated Underfrequency Load
Shedding (UFLS) scheme among TSOs in Europe was
required. It is more clear now that distributed generation
units need to be monitored and controlled appropriately in a
coordinated way between TSOs during emergency situations.
Furthermore, as it has been observed that North-Eastern area
has high proportion of generation from WP. It makes WT one
of the most important and relvant option to prevent frequency
instability in the future defense plans.

Table II provides the types of SPS that have proven
especially effective in the control of frequency.

TABLE II
EXISTING DEFENSE ACTIONS FOR FREQUENCY STABILITY [2], [4]

SPS for frequency stability

• Underfrequency load shedding at frequency drop
• Automatic tripping of interconnections by underfrequency

relays
• Overfrequency fast turbine valving and tripping of some or

all of the units in hydro power plants

How WTs can contribute to defense plans regarding
frequency stability is of high relevance and is discussed in
the following section.

1) Relevance of wind power for defense plans with
respect to frequency stability: A WPP consisting of WTs
with frequency-active power control capability is capable of
achieving a significant improvement in terms of frequency
stability following a major power imbalance compared to the
conventional generation plants.

Partial replacement of conventional generation capacity
with WP generation may result in an erosion of system

inertial response resulting in increased rates of change of
frequency (ROCOF) and larger frequency excursions if WTs
are not equipped with appropriate control. Supplementary
control inside WTs are needed to improve the inertial
response. In small isolated systems, these phenomena are
particularly challenging due to already low system inertia.
Since WTs are found to severely impact system inertial
response, operators need to consider further developing their
frequency control strategies to avoid large rates of change
of frequency and/or large frequency excursions. They need
to consider that ROCOF relay might trip faster.

Frequency support by the WTs for underfrequency and
overfrequency could be quite different.

a) Underfrequency support by WPP: The most com-
mon method to prevent underfrequency is load shedding. In
general Underfrequency Load Sheddings (UFLS) are done
in steps from predefined busbars. The condition for UFLS
can be the frequency value as well as ROCOF value. A
defense mechanism is designed based on some predefined
faults and the response of the system due to these faults.
Up till now, all defense mechanisms are designed without
considering large WP penetration. In case of large WP
penetration, inertia of the system might be reduced compared
to the inertia of conventional generation if WTs are not
equipped with appropriate control. Thereby, any change in
system frequency doesn’t invoke any response from the WTs
without any virtual inertia controller inside such turbines
and ROCOF gets higher. As a result, UFLS is not same
as expected. Therefore defense plans for UFLS need to
be reconsidered. With appropriate inertial control modern
WTs can increase their injected power to the grid, during a
drop in the grid frequency [15]. Basically, such additional
control gives WT a response to frequency deviations which
is equivalent to the inherent behaviour of a synchronous ma-
chine. This additional amount of power supplied by WTs is
proportional to the ROCOF. Another control strategy which
can be implemented inside modern WTs is the primary
frequency control. The amount of power supplied by WTs
in this case is proportional to the difference between the
measured and the nominal frequency. It is also called droop
control [16]. This control has result only if WTs are running
with reserves during underfrequency. This limitation should
be considered while designing defense plans.

b) Overfrequency support by WPP: On contrary, the
frequency in the high WP generation area can also shoot
up very fast if power system inertia is not high. The au-
tomatic overfrequency protection system prevents frequency
increases above or equal to 55 Hz (typical value for a 50
Hz system) that can cause further thermal units to trip. If
frequency increases over 60Hz the hydro units trip. Taking
into account the dangers of the power system operation with
high frequency, the protection system is implemented in two
stages: in the first one (main stage) selected hydro units at
51.5 Hz (hydro units are quite rugged compared to thermal
units so risk of damage from a sudden trip is less), and the
second one (backup stage) that operates at 52−53.5 Hz. The
second stage shares isolates selected thermal units in the
regions with approximately balanced load and generation.
Fast turbine valving is an automatic short-term measure used
to reduce the frequency. It is performed to a certain minimum



turbine load level dictated by plant’s technology, usually
50% to 60% of the nominal load [17]. If a further reduction
is needed, automatic generator tripping is executed.

The fast active power control capability of modern WTs
is really a relevant option in the future defense plans as WTs
can be downregulated. However, due to some time delay in
this process, the protection system needs to be redesigned.
Another important point to be considered is that since the
ROCOF is very high when system inertia is reduced, there is
a high possibility of tripping of instantaneous df/dt (ROCOF)
based relays of conventional generators unintentionally at
some other operating point than the designed system setting.
This aspect brings up the challenge to redesign the protection
settings meant for defense against extreme contingencies
with high penetration of WP.

c) Frequency support by distributed wind generation:
Distributed WP generation might also be relevant in pro-
viding frequency support during emergency conditions. It
might occur that the distributed WP generations are operated
in downregulated conditions when a disturbance happens in
the grid resulting in short term underfrequency(shortage of
generation). WTs can actively participate in such scenarios
to contribute in terms of active power injection. On the other
hand, during short term overfrequency in the distribution
network WTs need to reduce excess generation.

During underfrequency load shedding in a system with
high penetration of distributed WP generation, it should
be kept in mind that disconnection of feeders might also
disconnect considerable amount of generations. Generally,
the disconnection of loads are based on long term load
forecasting which have slower dynamics and lower error as
compared to long term wind energy prediction. Without a
proper consideration of the real-time values of generation
and load, the traditional UFLS scheme will not be effective
properly. UFLS might create further frequency oscillations or
frequency imbalance thereby deteriorating the system condi-
tions. Summarizing, UFLS schemes need to be revisited for
step wise disconnections of loads so that generation-load
balance is satisfied.

B. Voltage stability

One of the most frequent reason for large blackouts in the
past have been voltage instability. Voltage collapses in the
transient time frame are most often caused by slowly cleared
faults, such as the cascading collapse on 22 August, 1987
that TVA experienced [18], and the significant voltage de-
pression that Philadelphia experienced on July 1, 1992 [19],
1997 voltage collapse in The Netherlands, 2003 blackout
in USA-Canada [20], 2003 blackout in Scandanavia, 2004
voltage collapse in Germany and in 2006 in Poland etc.
[2]. The post mortem analysis of voltage collapse in Poland
shows that there was a lack of sufficient & properly located
reactive power sources.

The main symptoms of voltage instability are - low voltage
profiles, heavy reactive power flows, inadequate reactive
support, and heavily loaded systems.

Voltage instability can be caused if either one of the
following happens [21]:

• post-disturbance equilibrium has low voltage profile
• transient voltage dips during disturbance are too long

• post-disturbance equilibrium is voltage unstable (i.e.,
adding reactive power support at any bus lowers the
voltage at the same bus)

Similar to frequency stability, voltage stability may as well
be short-term or long-term phenomenon. Short-term voltage
instability caused due to induction motors requires fast load
shedding, i.e., response times as fast as 1.5 s. This is fast
enough to prevent the stalling of large induction motors [22].

According to [4] the main defense actions taken to counter
voltage instability are as following:

d) Automatic switching of shunt capacitors or tripping
of shunt reactors: Depending on the measured voltage level,
overvoltage control by closing of shunt reactors / tripping
of shunt capacitors or undervoltage control by tripping of
shunt reactors / closing of shunt capacitors can be performed.
Capacitor banks are installed in many substations to improve
power factor of consumer load or for feeder voltage control.
They are automatically switched in accordance with the
busbar voltage level, normally using a minimum voltage
relay. They can also be used to perform a complementary
slow voltage control action when the dynamic range of the
generator and shunt compensation equipment (synchronous
and static compensators) is insufficient to restore the voltage
to a normal range on the power system.

e) Emergency control of LTCs: blocking, return on a
pre-defined position, decrease in voltage set point: The
main goal of on-load tap changers (LTCs) operating on
power transformers is to supply the controlled side of the
transformer (normally the lower voltage) with a voltage level
within a given range, according to a dead-band and a set
point value. The time delay between steps ranges from 10
seconds to 4 minutes. This ensures that the load voltage
is restored following a minor disturbance to an acceptable
value within a few minutes. Following a severe disturbance
if voltage reductions start to progress towards a voltage
collapse, bulk system voltages will slowly decrease while the
LTCs are trying to restore the distribution system voltages.
The transmission system will be further stressed until a new
steady state is achieved or voltage collapse has occurred.
Depending on the number of levels of cascaded tap changers,
and their settings, this process may take from few minutes
to dozens of minutes. Tap changer blocking or set point
adjustment can be beneficial for preserving system stability
in stressed situations that are close to voltage instability. The
effect depends on the load characteristics and the degree
of shunt compensation. It is also necessary to control the
tap changer that is closest to the customer. Generally, just
lowering the voltage at the sub-transmission or medium
voltage level will make the situation worse, since the tap-
changer nearest to the consumer will try to re-establish the
load voltage. This means that the reactive power losses will
increase in the distribution system at the same time as the
reactive power generation from shunt devices will decrease.

f) Undervoltage load shedding (UVLS): Power systems
with heavy loading on transmission facilities and limited
reactive power control can be vulnerable to voltage insta-
bility. UVLS is analogous to UFLS and provides a low-
cost means of preventing system collapse. A UVLS scheme
uses undervoltage relays to monitor the voltage level in
a substation. Normally, an undervoltage relay will operate



and trip a feeder circuit breaker when the input level falls
below a preset threshold for more than a few seconds. It is
expected that after the shedding, the voltage will recover to
an acceptable value. This option is mainly effective option
for various contingencies especially if voltage instability is
in a transient time frame, and if load characteristics result
in no effective load relief by transformer load tap changer
control.

g) Modulation of HVDC power: Reactive power com-
pensation capability of the HVDC converter are useful to
maintain proper voltage during emergency situations.

h) Fast unit start-up: Power support by fast unit (e.g.
gas turbine) or pump storage start-up could be used at
low frequencies or when there is a high risk of voltage
collapse caused by inadequate generation. The gas turbine
start-up process takes several minutes or tens of minutes
and consequently provides a solution to long-term critical
situations.

i) Fast increase of synchronous condenser voltage set-
point (through AVR): Following a severe event leading to
low voltage, the synchronous condenser AVR can perform a
fast corrective action. In order to optimize the efficiency of
the synchronous condenser to counteract voltage instability,
automatic increase of its voltage setpoint can also be used as
a supplementary action. How WTs can contribute to defense
plans regarding voltage stability is of high relevance and is
discussed in the following section.

1) Relevance of wind power for defense plans with
respect to voltage stability: Voltage stability issue becomes
a key problem when there is a large penetration of FSWTs
equipped with simple induction generators [23]. The reason
is that induction generators consume reactive power and
behave similar to induction motors during system contin-
gency, which deteriorates the local grid voltage stability
[24]. Presently VSWTs are becoming more widely used for
their advanced reactive power and voltage control capability.
VSWTs can regulate their own reactive power to operate at
a given power factor as well as are able to control grid
voltage. However, because of the limited capacity of the
partial scale converter in DFIG turbines, the voltage control
capability cannot catch up with that of the synchronous
generator thereby voltage stability of the grid is also affected
[25]. If post-disturbance equilibrium has low voltage profile,
then large amount of reactive power transfer in the grid can
deteriorate the condition and therefore WTs are an attractive
solution for defense against voltage instaility since they
have fast reactive power control capability for short period
to contribute positively in this situation. When the power
system is close to collapse, small increase in load may result
in relatively large increase in reactive power absorption in
the system [4]. This increase in reactive power absorption
must be supplied by dynamic sources of reactive power in the
region like generator exciters, capacitor banks, synchronous
condensers, SVCs, STATCOMs etc. Generally, at the point of
system collapse all these elements operate at upper limit and
don’t have capabilities to increase the reactive power output
even more. As mentioned before, in traditional defense plans
the capability of WPP to respond in low voltage condition
is not considered. FSWTs which typically are equipped
either with capacitor banks or SVCs don’t consume reactive

power from grid while as VSWTs are connected to grid
through power electronic interfaces they can control either
power factor or reactive power or voltage at the point of
common coupling (PCC). Therefore WPPs based on VSWTs
can increase their contribution with reactive power for a
short duration possibly by downregulating the active power
production.

Developing appropriate settings for the UVLS detectors
and time delays are also challenging problems for the
defense plan designers. According to [21], generally the set-
tings are in the range of 85−95% of the operating voltages,
with time delays ranging from tens of cycles to minutes.
When automatic load shedding is applied, disconnection of
too much reactive load can cause overvoltages locally. With
WP substituting traditional thermal generators, associated
dynamics of the exciter and reactive control capabilities
also change. This means that the voltage fluctuations with
high penetration of WP generation are supposed to be quite
different from that of the existing systems. Therefore UVLS
settings need to be revisited to account for this situation.
Since generally load shedding is considered as one of
the last resorts to stabilise power system and undervoltage
detectors operate very close to normal operating voltages,
other defense actions should be fast enough to stop UVLS.
In future power system with high penetration of WP, WTs
should act very fast in recovering voltage as there is a
limited number of conventional synchronous generators and
associated reactive power control. This means that there is a
minimum disconnection and discomfort of load otherwise
load shedding might be required to be delayed for WT
to provide support. The comparison of settings of relays
for underfrequency load shedding with those of relays for
UVLS is interesting. UVLS detectors for automatic load
shedding may be set today at voltage levels close to each
other and to the normal operating voltage as well, but spread
into steps with different time delays (considerably longer
than UFLS relay trip time). According to [21] UFLS relays
are often inhibited during undervoltage conditions to ensure
response only to system wide frequency excursions. With
high penetration of WP, there is possibility of simultaneous
excursion of low voltage and low frequency. If proper
automatic protection cannot be taken fast, then there is a
risk of short term instability. This means that when there is
high WP penetration in the power system, the relay settings
and the coordination of UVLS and UFLS relays need to be
redesigned.

It is worth mentioning that distributed wind generation is
also relevant with regards to voltage stability. As pointed in
[26], according to the present Danish grid codes, distributed
WTs will disconnect from the grid when abnormal grid
operation is registered. In other words, action of the local
WTs at grid faults is decided by their protective relays. If
WTs are running at rated operating during a fault, they easily
become overspeeded when the fault is cleared, they absorb
a significant amount of the reactive power and slow voltage
re-establishment. However, the signals monitored by WT
protective system such as the generator current and speed
and the grid voltage become also close to their respective
relay settings. The tripping risk of WTs is higher when
WTs are operating at rated values than any other operating



conditions. The issue related to absorbing the reactive power
and to worsening the voltage stability is eliminated when
WTs have tripped. Therefore, the protection system for the
WTs need to be redesigned. While redesigning automatic
UVLS, it should be kept in mind that by disconnecting the
feeders, it is also a risk to disconnect substantial amount of
active power and reactive power generation by distributed
WTs. This can have detrimental effect in terms of voltage
stability. It is useful to support reactive power locally as the
system condition worsens when the reactive power needs
to be transmitted over long distance due to high reactive
power losses. However, it is worth noticing that the output of
local shunt capacitor is reduced considerably at low voltage
(Var output being proportional to the square of the applied
voltage). Distributed WP generators can participate more
actively and successfully toward providing voltage support
in these conditions.

When voltage stability is lost, it is possible for system
voltage to rise above acceptable levels. Such a circumstance
might also happen if too much load is disconnected during
a voltage depression, or too much capacitance is added
to try to boost system voltage. It might happen in an
island with high wind generation (with SVC and capacitor),
voltage might instantaneously shoot up. Since the Minimum
Excitation Limiter (MEL) protection for thermal generator
exciter is only functional when the voltage being regulated
is higher than the reference setting [21], high WP penetra-
tion can cause misoperation of the MEL. This means that
proper coordination of WP control with MEL needs to be
considered while designing defense plans for overvoltage
emergency conditions.

IV. CONCLUSION

Both WPPs and distributed WTs can be promising and
viable option for defense against short term voltage and
frequency instability in emergency situations. If WTs are
not equipped with appropriate control, they cannot emulate
inertial response. Therefore, further development of fre-
quency and ROCOF based protection strategies for under
and overfrequency situations need to be considered. Though
their capabilities during underfrequency might be limited if
they don’t have any reserve. But they can actively participate
in overfrequency situation by downregulating generation.

Voltage fluctuations with high penetration of WP gen-
eration are supposed to be quite different from that of
the existing systems. Modern WTs are attractive option
for defense against voltage instaility since they have fast
reactive power control capability. Protection strategies for
voltage instability need to be redesigned to accomodate these
capabilities. It should also be kept in mind that while re-
designing UVLS schemes, there is also risk of disconnecting
substantial amount of power generation by distributed WTs.

This investigation can be used as a starting base in the
design of new defence plans for future power systems with
high penetration of WP.
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