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Abstract— Recently the high penetration of distributed
generation (DG) particularly the photovoltaic (PV) systems tied
to utility grid has grown significantly to overcome energy and
environment problems. However, to ensure the safety, reliability
and the power fluctuation quality some electrical connection
standards has been developed. One of the most important aspects
of connection between DGs to the utility grid is islanding
condition. Islanding can be intentional or Unintentional.
Unintentional islanding condition is an undesirable mode. Hence,
it is necessary to detect this mode as quickly when an indicator of
islanding is appeared. Islanding Detection Methods (IDM) can
grouped as remote method, based on the communication between
DG inverter and main grid, and local methods on the DG
inverter side, based on the monitoring and analysis of the
parameters at the Point of Common Coupling (PCC) between
DG inverter and utility network. In this sense, this paper is
focused to give a comprehensive and comparative overview of
various IDM. The anti-islanding (Al) standards to be adopted
during connected to utility grid, the strengths and weakness
points, the performances criteria such as Non-Detection Zones
(NDZ) and speed detection time for each techniques are
described below.

Keywords— islanding detection methods, Al
inverter, Distrubuation Generation , NDZ.

standards,

. INTRODUCTION:

Face to technical evolution, rise of electrical power demand
and to environmental requirements, the electrical power
systems have known a structural transformation from a
centralized to decentralized configuration. In the early 80's, a
new concept named Distributed Generation system (DG) was
proposed [1]. The DG system can be renewable (photovoltaic
PV, wind turbine WT) or other electrical energy resources
(fuel cell, storage system). This PV system can be connected
to local loads, utility grid or other DG units. This new
architecture, named microgrid (MG), becomes more complex
this requires more monitoring and control to ensure not only
frequency and voltage stability, but also synchronization with
the main electrical network. Hence, if these connections are
not properly controlled, it can lead to grid instability or even
failure. One of the technical issues created by the
interconnection between PV system (or other DG) and the
electrical distribution grid it's islanding condition [2][3][4].
According to IEEE standard 1547, a power system "island",
Fig.1, refers to "a condition in which a portion of utility
system that contains local load and DG system is isolated
from the rest following a network failure or loss at the PCC
(Point of Common Coupling )" [5].
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The problem is that PV inverter continue to supply power for
the local load when the main grid is already disconnected what
brings a negative impacts on safety, reliability and power

quality [6].
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Fig.1: Islanding Operation for DG system

Generally islanding mode can be caused by intentional
(planned) or unintentional (unplanned) faults. The planned
islanding, who is known before, is caused by workers during
maintenance operation. The unplanned islanding can be
caused by accidental fault such as line tripping, equipment
failure, and human errors, etc.[6][7].However unintentional
islanding phenomenon is a undesirable condition because it
can damage to the local load, DG system and also working
people have been at risk in islanding condition. So it is
necessary to detect this mode as soon as possible when an
indicator of islanding is appeared, and disconnect DGs from
the electrical network quickly and accurately [8]. Therefore,
many anti-islanding (Al) standards must be adopted during the
coupling of PVs inverter to the utility grid. The IEEE1547—
2003 and IEEE 929-1988 required maximum delay 2s for the
detection and disconnection [9][10].

In the literature, many methods have been proposed for
detection of an islanding condition. Generally IDM can be
classified into two groups, Fig.4 depending on the location
where the detection is done; local and remotes techniques.
Local techniques are based on the measuring and analysis
parameters at the PCC such as current, voltage, frequency,
harmonic. This techniques can be passive, active or hybrid.
Remote methods are based on the communication between the
main grid and the PV inverter [11][12].

The choice of Al algorithm methods is an important phase in
order to ensure like performances such as NDZ, degradation
of the power quality, speed of detection [13]. This paper aims
to aid design efforts through its comprehensive overview on
the IDM particularly for PV inverter coupled to utility grid: In
section2, Al requirements are dealt with .Performances criteria
of IDMs is presented in section 3.The classification of IDMs
are detailed in section 4.A comparison and discussion of IDM
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are mentioned in section 5. Finally section 6 concludes the
paper.

Il.  ANTI-ISLANDING REQUIREMENT

In normal operating mode, the island is prohibited in order that
MG should deliver a high-quality power to customers without
interruption and away from risks caused by islanding mode
[8]1[14].The regulations standards concerns the power quality,
energy efficiency, electromagnetic compatibility and
safety[6].The most relevant internationals organisms which
requires the norms are IEEE Std 929-2000 and IEEE std 1547
in the US [15], IEC 62 127 in Switzerland [16], DIN and VDE
0126-1-1 in Germany [17][18] and C22.2n0.107.1-0lin
Canada[19].

Table 1 shows the Quality factor, detection times of islanding,
voltage and frequency operation range as required by the most
pertinent standards.

Table 1: Anti-islanding requirement [5] [15].

near zero. Hence the smaller NDZ is preferred, the perfect

NDZ is the zero area [23][24].

In the plan, NDZ can be defined by power mismatch AP vs

AQ, fig.3, which are based on voltage and frequency threshold

limits at PCC. When the DG is connected to utility grid The

power flow equations, shown in fig.2, are given by (1) [25]:

P4 =P, +AP

load PV (1)
Qload = QPV +AQ

Where B4, Q,.q » are active and reactive flow power from the

node PCC to the load .

P, Qp AP and AQ are respectively active and reactive

power flow by the PV system and utility grid.
The impedance value and phase angle of RLC parallel load,

quality factorQand resonance frequency fO are shown in
equations (2)

Std. Quality Time required for Voltage rang V Frequency rang f
factor Qt islanding t (% of nominal voltage Vo) (% of nominal voltage f0)
IEEE 929-2000 25 t<2s 59.3< f <60.5Hz 88% <V <110%
IEEE1547 1 t<2s 593< f <605Hz 88% <V <110%
IEC 62 127 1 t<2s (fy 1) < £ < (Ty+10) 88% <V < 110%
VDE 0126-1-1 2 t<02s 475Hz < f <50.2Hz 80% <V <115%

Observation: The Germany required times of disconnection
for VDE 0126-1-1 is the shorter (0.2 sec.) and the much lower
frequency limit. Therefore the VDE Std. required an adaptive
synchronization is required [6].

Ill.  PERFORMANCES CRITERIA OF IDM

As aforementioned that island is an undesirable situation. But
the existing islanding methods are not satisfactory [20]. To
evaluate different detection methods, non-detection zone
(NDZ), detection time and power quality are the major
performance criteria for all techniques of detection. These
indices reflects the accurately, speed and effectively criteria
for IDMs [21]. For testing of IDM, the locals loads are usually
modeled by RLC loads, because this types of circuits causes
the most problems in detection [22]. To clarify analysis,
Fig.2 shows the general synoptic power fluctuation between
the PV system, utility grid and RLC load.
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Fig.2: Synoptic power fluctuation.

A. Non Detection Zone: NDZ

NDZ is the region where islanding condition cannot be
detected. This zone used in order to evaluate the precision of
Al algorithm. The aim of all IDMs is to reduce the NDZ to
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Where R, C and L are respectively resistive, capacitive and
inductive loads.
According tolEEE929-2000 standard, Q shows (3):

Q = tan(arccos| pf |) (3)
Where pf is the power factor.

The Q factor is periodically product (each 27 times).This

factor show the relative quantity of energy dissipated and
stored in a RLC circuit [26]. The Q factor has great effect on

the size of NDZ and detection precision .In another word, the
low value of Q can ensure the high effectiveness of islanding

detection [27].
The NDZ of active and reactive are mentioned respectively in
(4) and (5):

2 2
L —1< A_P < L -1 (4)
Vmax P Vmin
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Where V.., Vi f f.. are respectively the minimum

and the maximum voltage and frequency allowed in microgrid.
V , P are nominal voltage and active power.

The threshold limits of voltage and frequency (OUV and
OUF) means the NDZ area. Fig.3 show the non-detection
zone:

AQ
Area where

islanding is

undetectable. oF

oV uv AP

UF

Fig.3: NDZ mapping in AP versus AQ.

B. Detection time

Detection times defined by the duration between the moment
of islanding detection and the instant of inverter disconnects.
This criterion means the speed of IDM used [15], which is
defined in (5):

AT :TIDM _Ttrip (6)
Where AT the run-on time, T, the instant to detect island
and Ttrip is the tripping moment from the utility grid.

C. Power quality

In order to reduce NZD region, the active techniques are based
on periodic injection a small disturbance into PCC and to
monitor its effect. Therefore, it's inevitable noisy the power
quality witch degrade the quality of power and the system
stability [28]. So, at choose of IDMs an important
consideration is power quality [10].

IV. OVERVIEW OF IDM

The islanding detection techniques are divided in two groups:
remote and locale as shown in Fig.4.
A. Remote method
Remote islanding detection method are based on
communication between DG and main electrical grid. This
techniques have negligible NDZ, none impact on power
quality, high reliable and easy implementation. However, they
are expensive to implement and need an infrastructure
communication [29].Next, the principal remotes techniques
will be briefly described.
1) Power Line Carrier Communication (PLCC)

PLCC uses a low-energy signal for communication along the
network line. The system includes two devices on the side
utility a Signal Generator (SG) and a Signal Detector (SD)
installed on the DG side. A islanding condition is considered
when the signal is lost and cannot detected by SD at the DG
site [30] [31].
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2) Signal Prouced by Disconnect (SPD)

The basic operation of the SPD technique is similar to PLCC
method. The difference at the level communication channel.
SPD use a signal transmission based phone line, micro-wave
or other types of communication Channels [5].

3) Supervisory Control And Data Acquisation (SCADA)
The SCADA system consist to monitor the islanding condition
by acting on the status of the Circuit Breaker (CB). This
techniques requires the use of reliable communication channel
between utility grid and DG system (telephone line, radio
communication, internet broadband, fiber optic Ethernet,
wireless communication, satellite communication.)[32].

A. Locale technique

Local islanding detection methods are mainly based on system
parameters monitoring into PCC as current, voltage, frequency
and harmonic. The idea is island mode can be easily detected
when this parameters exceed the threshold values. This
methods can be classified as passive, active and hybrid
methods [33].

1) Passive methods
Passive islanding methods are the first developed. This
techniques, show in fig.4, based on the measurement and
analysis of the variation parameters at the PCC point [34].
These parameters are compared by the threshold settings in
order distinguish an island from grid connected [35].
The flowchart of passive islanding techniques is shown in
Fig.5(a). Easy implementation, no degradation on power
quality, Fast detection speed and low cost are the major
advantages of passive methods. But, Large NDZ and
ineffectiveness in multi-inverter systems are the major
drawbacks of passive islanding detection [36] [37]. In the
following some passive methods techniques will be described:

a) Over Under Voltage and Frequency (OUV/OUF):

This techniques are the oldest and simplest passive methods
for ID. The OUV and OUF protection techniques consists to
monitor the grid voltage and frequency at the PCC. When
these values exceeds the thresholds limits, the inverter
disconnect from the main grid. Generally these methods used
at PV connected to utility grid application [38].

b) Rate of change of frequency (ROCOF)
ROCOF techniques monitor the change of frequency at the
PCC. Indeed, the frequency variation (df /dt)is measured

over a few cycle, usually between 2 -50 cycles by ROCOF
relay. When this rate of change exceeds the defined threshold
during longer than the required time-delay, the islanding
condition can be detected [39].

In the same way, other passive methods using the rate as an
index of islanding such as Rate of Change of Power Output
(ROCOP), Rate of Change of voltage (ROCOV) and Rate of
Change of Frequency over Power Change (ROCOFOP).This
passives methods in their principles are similar to ROCOF
technique[10][58].

Compared to OUV/OUF techniques, detect the rate of change
methods is more sensitive and it is able to quickly detect.
Their major drawbacks it’s the difficulty in threshold choice
and its sensitivity to load switching [40].
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¢) Phase jump detection (PJD)

Based on monitoring of the phase difference between the
voltage and the current at the PCC in order to detect sudden
changes or jump of phase. During the normal operation the
inverter current and the voltage grid are synchronized using
the Phase Locked Loop bloc (PLL). Therefore, PJD can be
implemented in the inverter using a PLL [11].

power generation matches with the local loads demand which
forming a large NDZ [41].

a) Detection Voltage and current harmonics
To monitor the change of the Total Harmonic Distortion
(THD) at the PCC is proposed to detect islanding condition.
Therefore, if these values exceed the required threshold

[ Islanding detection methods ]

’ Remote techniques \\ I/ [Locales techniques]
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Figure 5: Local flowchart of IDM: (a) passive, (b) active.

The islanding condition is detected if the phase exceed the
threshold limits. The ease of implementation and speed
detection are the major strengths of PJD method. But this
methods are not able detect islanding condition when DG
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Islanding condition is detected and the inverter should
disconnect the DGs [42].During the normal operation, DG tied
to utility grid, the (THD = 0) .But, during islanding condition,
the THD value increase due to harmonic current produced by
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DG inverter and harmonic voltage caused by hysteresis
phenomenon or non-linearity at the transformer. The speed of
detection, no influence on power quality and cost are the
major strengths of this technique. But, this methods are
sensitive to grid perturbations which makes more difficult to
determinate precisely the limit threshold for reliable islanding
detection. Another drawback is the risk to failure if the quality
factor (Qf) of local load is high [43].

b) Voltage Unbalance (VU)

This method consist to monitor the voltage unbalance between
phases. Indeed, after islanding the voltage unbalance of DG
output varies because the topology of the grid changes.
Therefore the islanding operation can be detected if the
unbalance of three-phase DG output voltage exceeds the limits
threshold [34].The high efficiency and the not sensitive to the
system disturbance are the principal advantage of this
techniques. But, the disadvantage of these techniques is the
difficulty in choosing the parameters of the threshold due to
the extraction of negative sequence voltage component is
affected by harmonic. The VU does not work only in three-
phase system [44].
2) Active method

After technology progressed many papers discussed active
methods, where the aimed to surmounted the limits of passive
methods [5].Indeed, active islanding methods are based
making a perturbation and observation. Indeed, a small
disturbance signal is injected at the PCC. Then, the response
of DG inverter output is monitored at the time of perturbation
[45]. The flowchart of active islanding techniques of shown in
Fig.5.b. Therefore, the active method use some control
mechanism to detect the change in the parameters at the PCC
such as frequency and voltage [42] [46]. The actives
techniques improvement the precision of islanding detection
seen that this methods reduced or even eliminate the NDZ.
However, this methods are more complex to implementation
due to the additional circuit required to generate a disturbances
signal. Another problems due to introduce periodically a
perturb signal to the system witch decrease the power quality
and the system stability [47].In the following some active
methods techniques will be described:

a) Impedance mesurement (IM):

The impedance measurement method monitor the change in
impedance, caused after grid loss, at the PCC. Indeed, during
the steady state the impedance value is very small (less than
1Q). During the disconnection, the impedance value become
more important than connected mode [8]. In addition, this
method consist to inject at the PCC a disturbance signal and
detected the variation of impedance at the PCC. So, the island
can be detected if the impedance value exceed the threshold
limits. Two types of active impedance detection:

e Detection of impedance at specific times: It is
sufficient to add periodically a disturbance current at PCC. If
the change of voltage matching the current injected, the
impedance is higher and the islanding is detected. The
variation of impedance value can be calculated by the rate of
change of voltage to current of the inverter (dv/di) [27][47].
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o Detection of impedance at specific frequency: This

method is special case of harmonic detection method. The
principle consist to inject during short times a sinusoidal
current at specific frequency. Then measuring the harmonic
voltage and to compare it with threshold value in order to
detect islanding condition [27].
The main advantage of this method is that it has very small
NDZ and efficiency for single inverter. However, the major
disadvantages are the decrease of efficiency in multiple-
inverter and the difficult to detect and the difficulty to obtain
the exact threshold value of grid impedance because it's
required [5][8][41].

b) Slip-mode Frequency Shift (SMS)

The Slip-mode (or slide-mode) Frequency Shift or Active
phase shift (APS) techniques use the positive feedback at PCC
of the voltage phase to destabilize the frequency in order to
detect the islanding mode. Indeed, the SMS techniques consist
to derive (shift) voltage phase at the PCC and observe
frequency derivation. The phase angle of the DG inverter is
represented a function of the frequency as show in Fig.6.

10

I
|
|
|
[ -
|
|
|
|
|
|
|
|

L

Phase of Load/SMS [Degree]

—SMS
——Load

44 46
Stable

48 50 5
Frequency [Hz] Unstable

54 56

|
|
|
|
A
|
|
|
|
|
|
|
|
|
|
|
|
T
|
: Stable

Fig.6: SMS phase —frequency dependence [6].

According Fig.6, the response of the inverter is draw such
that with unity power factor in zone near to the utility
frequency the phase of the load increase slower than the
inverter phase increases. If the grid is loss and the frequency
of voltage at the PCC is distorted, the inverter response
increase the phase error what destabilize the frequency. This
instability will leads to the thresholds limits frequency which
allows to detect islanding and activate the OUF protection [6]
[48] [49].

The easy to implement and the smaller NDZ are the major
strength compared with other active islanding method.
However, this methods decrease the power quality (a
degradation in power factor). A common problem with other
methods that utilize the positive feedback it is the phase shift
disturbance which can lead to noise, lack precision in
measurement and causes error in practice[23][27].This
limitation can be overcome by introducing an additional phase
shift called the improvement SMS. This improvement was
verified in simulation and in practical which increase the
reliability [48].
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c) Active Frequency Drift (AFD)
The Active Frequency Drift also named frequency bias
method based on injected a slightly disturbance into inverter
output current. Indeed, it's about to distorted slightly
misaligned the output current waveform in order to accelerate
the frequency into the PCC [50] [51].
As show in Fig.7, this is done by obliging output current
inverter frequency to be slightly (&f = 0.5tol.5Hz) higher

than the voltage frequency. Then, | remains at zero

inverter
for the time t, when the utility voltage reaches the zero
crossing [6] [12].

o
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Fig.7: AFD distorted inverter current [12].

The AFD “copping factor” is defined by (7)
2t, of

cf = =
fp+of

- (@)
Vutility

Wheret,, TVutiIity’ fpand &f are respectively the dead

time or zero time of the AFD signal, the period of grid
voltage, the nominal and the forcing frequency.
The inverter phase angle is given by (8)
7o f
6 =zft,=—-—— 9
DG 772 " g ot ©

Therefore, the phase controller system increase or decrease the
current frequency in order to eliminate the phase error. When
inverter is connected the utility grid providing a robust phase
and frequency reference (50Hz) to prevent this change.
However in an island, the inverter detect a phase error into
PCC. The inverter continuous to increase the frequency of

linverter in order to eliminate the phase error. This one drift

the frequency to exceed the threshold limit and eventually
OUF will tripping to stop the inverter operation [42] [52].The
advantages of this method are the ease of implementation and
the very small NZD (zero when the load is purely resistive).
The weakness of this method is her fail to detect islanding in
case of a system with multiple inverter [53].

d) Sandia Frequency shift (SFS)

This technique was created by the Sandia National
Laboratories, USA, and is namely as the Sandia Frequency
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Shift (SFS) method for islanding detection. Indeed, to
overcome the weakness suffered by the AFD method the SFS
method applied the positive feedback to the frequency at the
PCC. Therefore , Sandia frequency shift method commonly
Known as Active Frequency Drift with Positive Feedback
(AFDPF) is an improvement accelerated of the AFD version
[54] [55][57]. Similar to AFD technique, the SFS method, as
show in Fig.8, consist to inject a slightly disturbance into
inverter output current by inserting a truncations or dead times
to the current’s waveform [12] [56].

Grid Voltage

7/ Current™,
with %
dead time %
| Current

with
truncation

,Time
(ms)

Amplitude (pu)

Fig .9: SFS distorted inverter current [12]

The “chopping fraction” commonly named chopping
frequency is made to be a function of the error in the line
frequency is expressed in (9) [6]:

cf :cf0 +k(f - fn) 9)

Where cfj, is the chopping factor when there is no frequency

error, K is the accelerating gain and f — fy, is the difference

between the measured frequency at the PCC and the line
(nominal) frequency.
Hence when the inverter is connected to utility grid, the SFS
change the frequency of the PCC but the stability of the main
grid attempts any change by providing a robust phase and
frequency reference. Once the utility grid is disconnected, the
distortion created by SFS method at the frequency produce a
phase error. This process continuous until  the frequency
exceed the threshold limit and eventually OUF will tripping to
stop the inverter operation .The advantages of SFS are easy of
implementation, very small NDZ, high efficiency and low
cost. In addition, compared with AFD, this method is more
effective to detecting efficiency and allows to minimize the
degradation in power quality waveform which may produce
instability when the inverter is connected to grid. The
decreases with a high quality factor loads is the major
weakness of this method. This can be corrected by
combination with the Sandia Voltage Shift (SVS) method [6]
[12] [56][57].

e) Sandia voltage shift (SVS)

The Sandia Voltage Shift method is similar to SFS technique.
Indeed, to prevent islanding mode the SVS method use a
positive feedback to the voltage at the PCC, the inverter
changes its current output and power output. Hence, when the
DG inverter is connected to utility grid, if the amplitude of
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voltage at the PCC (usually it is the RMS value that is
measured in practice) is not affected by the variation of power.
Once the utility grid is absent and there is a reduction in Vpcc.
This decrease process will continue through load impedance’s
relationship (Ohm’s law) until the voltage shift exceed the
reduction threshold and eventually UVP relay will tripping to
detect islanding[10] [12] [58]. The SVS strength points are the
ease of implementation, the efficiency, the faster detection
speed and the smaller NDZ. But the major disadvantages of
SVS are is that it slightly degrades power quality and reducing
the inverter's operation efficiency [43].
a) Frequency Jump (FJ)

The Frequency Jump (FJ) is conceptually similar to the 1M
method, and it is method is a modification of AFD. In this
method the distinctive difference being that the dead zones are
not inserted each half cycle but are inserted into specific
number of cycles (each 3 or 4 periods according to a pre-
assigned model) of the output current waveform. Therefore,
when the inverter is connected to utility network, the
waveform of the voltage in the PCC is forced by the grid.
Once the utility grid is disconnected, the islanding mode is
detected by forcing a drift in frequency .The major strength of
FJ may be effective to islanding detection if the pattern is
sufficiently sophisticated. Indeed, with a single phase this
technique has a very small NDZ. But it loses effectiveness
with multiple inverters [8] [43] [59].

3) hybride methode
The hybrid method has been developed in order to achieve
higher effectiveness and to overcome the problems of passive
and active islanding detection. Indeed, this methods combined
the active methods with passive methods.

Start

Monitoring parameters at PCC
(Voltage, Current, Frequency, Harmonic)

Threshold

Inject disturbance
limits? Yes

signal to PCC

No

[ Islanding detected ]

[ Tripping the protection relay ]

End

Fig.9 hybrid IDM
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As shown into algorithm Fig.9 of hybrid islanding detection
, the active method operate after the passive detection methods
when passive method is not capable of distinguishing
islanding.Compared with passive and active methods the
hybrid methods have the smallest NDZs and less degradation
in the power quality. Nevertheless the detection time is longer
because it sums the active and passive detection times [59]
[61] [60] [61].

4) Comparison and discussion of IDMs
The available of the various islanding detection methods and
their characteristics have been analyzed and presented in the
comparative Tables.2. Indeed, the operating principle, power
quality disturbances, cost involved in implementing this
technique, efficiency and operation under multiple DG
inverter are often used to compare between the various
technologies. It is evident to mention for each technique their
NZD region and the speed time detection.

5) Conclusion
In this paper, several islanding detection method of the
connection between PV system and the utility grid are
presented. It also outlines the operating principle, the
performances criteria, the advantages and disadvantages of
each reviewed methods. Indeed, according location where the
detection is done, the islanding detection method can be
grouped into two major groups: remotes technique to the grid
side and local techniques to the inverter side.
In the remote techniques, the islanding detection is based on
communication between utility grid and DG inverter. These
methods have less perturbation to the power quality and they
have negligible NDZ. The only disadvantage of this methods
is the high implementation cost due to need an infrastructure
communication.
The locale methods are based mainly monitoring of the
parameters at the PCC point .This techniques have been
divided into passive, active and hybrid methods. Passives
methods is simply based on monitoring of the variation
parameters at the PCC. The easy implementation, no impact to
power system, the fast detection time and the low cost are the
major advantages of these techniques. However, passive anti-
islanding methods suffer from large NDZ that severely affects
the system performance. The active method consist to create
perturbation in the system order to accurately the detection
and to overcome the large NDZ of passive techniques. So this
methods reduced or even eliminate the NDZ but it also creates
new problem due to introduce periodically a disturbance
signal to the system witch decrease the power quality and the
system stability. On the other hand, the hybrid methods
incorporates both the passive and active methods to overcome
the respective their drawbacks. This method has been proven
to achieve more effective as compared to active or passive
method.
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Table.2: Comparison of Various IDM

. - Speed of
IDM Operating principle Strength Weakness NDZ dgtection
¢ The most effective
e High reliable .
based on communication « None impact on power .-Extremely expensive to L
. - implement negligible
Remote between DG and main quality, - Very fast
electrical grid « Easy implementation o Need an |nfrastructure NDZ
. . communication (cost)
o Effective for multiple
inverter
Based on system parameters * Easy i_m plementation * Depends on copgumption
monitoring (Voltage . Effe_ctlve methods . anq gupply condition (less
_ fre h - ¢ No impact on power quality efficient on sog(ce-load L Fast
quency, harmonic arge as
Passive distortion, and current) at the ° Low cost (least hardware) - balanced COI’_]dItI_OI'_\)
PCC e Effective for multiple of e Threshold is difficult to
inverter connected set.
e Introduce perturbation in
the system
e Degrade the power
A quality.
Siifﬁgb(;ﬂcéné?;;mﬁtg the . ImpacF to power system oThg Op_eration fgilure is Slightly
Active PCC in order to drift the _-Effer_:tlve (can_ detect possible in case high Q Very faster .than
system operating point islanding even in source-load factor. N Small passive
toward the threshold limit balance condition) e medium cost (additional method
devices and circuitries
required)
o Not effective for multiple
inverter connected.
e Islanding time detection is
combined the active methods e Less degradation in the prolonged as both passive Slower
with passive methods: power quality than active and active technique Small than
Hybrid  disturbance is introduced method implemented NDZ active
only when islanding is o Effective to be applied in e Expensive cost method

suspected complex systems.

o Not effective for multiple
inverter connected.
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