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Abstract. In this paper a revision about different techniques
for islanding detection in distributed generators is presented. On
one hand, remote techniques, not integrated in the distributed
generators, are discussed. On the other hand, local techniques,
integrated in the distributed generator, are described.
Furthermore, it is discussed how the local techniques are
divided into passive techniques, based on exclusively
monitoring some electrical parameters, and active techniques,
which intentionally introduce disturbances at the output of the
inverter, in order to determine if some parameters are affected.
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1. Introduction

The condition of "Islanding" in Distributed Generators
(DGs) is an electrical phenomenon that occurs when the
energy injected to the power grid is interrupted due to
various factors and the DGs continue energizing some or
the entire load. Thus, the power grid stops controlling
this isolated part of the distribution system, which
contains both loads and generation. This situation may
compromise security, restoration of service and the
reliability of the equipment. [1] [2].

In the case of several Distributed Generation Systems
connected to a low-voltage power grid, it is possible that
the amount of energy generated by the distributed system
agrees with the amount of energy consumed by the loads
on the grid. Under this situation, there is no energy flow
towards the power grid, so that the DGs may continue
feeding the loads leading to an “Islanding” condition. In
addition, when the islanding condition happens, there is a
primary security condition which forces the generator
system to disconnect from the de-energized grid without
taking into account the connected loads.
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The “islanding” effect in inverters may result from a
failure detected by the grid and the consequent switch
opening, accidental disconnection of the grid because of
equipment failure, sudden changes in the distribution
systems and loads, intentional disconnection for
maintenance services either on the network or in the
service, human errors, vandalism or acts of nature.

There are many reasons why islanding should be
anticipated in the grid-connected distributed generation
systems. The main reasons are safety, liability and
maintenance of the quality of the supplied energy.

The main idea to detect the islanding condition is to
monitor the output parameters of the inverters making up
the DGs and/or other system parameters in order to
determine if there have been changes that indicate
islanding. Islanding detection techniques can be divided
into remote and local ones. The latter techniques can be
divided into passive and active ones, as shown in Figure
1[3]..

Islanding Detection

Local Technique

Remote Technique
Q’assive Technique) (Active Technique>

Fig. 1. Islanding detection techniques
Before defining the different methods for islanding
detection, it is important to highlight two key features in
order to better understand the islanding phenomenon. The
first one is associated with the so-called “Non-detection
zone” (NDZ), which can be defined as the range (in
terms of the difference between the power supplied by
the DG inverter and that consumed by the load, in which
an islanding detection scheme under test fails to detect
this condition [4]. The second feature is associated with
the type of loads (potential loads inside an isle), which
can be modelled as a parallel RLC circuit. The reason for
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using an RLC load is the high difficulty to detect
islanding with this kind of loads. Nonlinear loads, such as
loads that produce current harmonics, or constant power
loads do not present a great difficulty for islanding
detection [2].

In particular, RLC loads with a high Q factor pose
problems for island detection. The Quality Factor is

defined by (1):
_2. [ 1
Q=R 7 (1)

This parameter describes the relationship between the
stored and the dissipated energy in an RLC circuit.

For these reasons, the islanding detection is an important
feature that should be considered when implementing
distributed generation systems. In paragraph 2 and 3 of
this work the most representative techniques (local and
remote) to islanding detection are addressed, indicating
their operation scheme, advantages and disadvantages.
Finally, some conclusions are presented about the most
important aspects covered in this paper.

2. Local islanding detection techniques

These techniques are based on the measurement of some
parameters (voltage, current, frequency, among others)
on the Distributed Generator (inverter) side. They are
classified as passive, based exclusively on the monitoring
of these parameters, and active techniques, which
intentionally introduce disturbances at the output of the
inverter and observe whether the parameters outlined
above are affected.

A. Passive Techniques of Islanding Detection

These techniques are based on monitoring of grid voltage
parameters such as voltage, current, frequency and/or
their characteristics. The inverter energy conversion is
interrupted when some parameter falls beyond certain
previously established limits.

1) Over/under-voltage and over/under-frequency [5],
[6], [7]. Techniques of over/under voltage protection,
OVP/UVP and over/under frequency protection,
OFP/UFP, allow the detection of islanding phenomenon
through the measure of voltage and/or frequency at the
Point of Common Coupling (PCC), and subsequent
comparison with the limits set for proper operation [9]. If
the measured values are outside the established range, the
inverter is stopped or disconnected.Figure 2 shows the
power balance of the system.
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Fig. 2. Power balancje of the system.
Equations (2) and (3) describe the power balance of the
system.

Proap = DG+ )
Qroap = 2pG + 1 ®)
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The behaviour of the system when the grid is
disconnected depends on the previous values of AP y AQ.
It is worth to point out that the active power is directly
proportional to the voltage. Therefore, if AP # 0, the
amplitude of the voltage will change.

s [P,
\'PLoaD

In the case of Ppg >Proap, the voltage increases,
otherwise it decreases, which might indicate whether the
islanding conditions appears.
Reactive power is a function of frequency and voltage
width, so if AQ # 0, the phase of the load voltage will
present a sudden change and the control system will
modify the signal frequency of the output current inverter
to achieve AQ = 0 (i.e. until it reaches the resonance
frequency of the load). This change in the frequency may
be detected to determine Islanding condition. The
equation of reactive power in terms of frequency and
voltage is presented by (5).

0 LA B R (5)
pG \o L )
The methods outlined above present the advantage of
being low-cost solutions but they have a large NDZ.
Moreover, these methods are incapable of detecting the
islanding condition when the power supplied by the DG
matches the power consumed by the loads.
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Fig.3. Non-detection zone of OUV y OUF

2) Phase Jump Detection [6], [11]. Phase Jump
Detection technique (PJD), involves monitoring of
sudden “jumps” of the inverter voltage as a consequence
of differences between the voltage inverter and its output
current.

During normal operation the current of the inverter is
synchronized with the voltage of the power grid through
a Phase Locked Loop (PLL).

Figure 4 shows the evolution of the voltage when it is
disconnected from the power grid. This phenomenon
occurs because only the output current is controlled by
the inverter, so that the PCC voltage may be out of phase
with regard the current in the case of islanding.

The biggest advantage presented by PJD is its ease of
implementation. As the inverter uses a PLL to
synchronize with the grid, all that it is needed is the
inverter capacity to be disconnected if the phase error
between output current and voltage exceeds certain
threshold. = However, difficulty comes in the
implementation of the threshold selection because the
phase can be affected by the handling of certain loads
such as motors or simply by being on presence of loads
that can not produce phase error, which could induce an
error in the detection of islanding.
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Fig. 4. Operation of the PJD.

3) Detection of voltage and current harmonics [6], [8],
[12]. This technique is based on the measurement of the
voltage Total Harmonic Distortion (THD,) at the PCC,
the comparison of the measured value with a certain
threshold and the inverter disconnection in case of this
threshold is exceeded. During normal operation, the
voltage at the PCC is the grid voltage, so distortion can
be considered as negligible (THD,~0) in most cases.
However, when islanding condition happens, the current
harmonics produced by the inverter are transmitted to the
load, which usually presents higher impedance than the
grid. The interaction of the harmonic currents and the
grid impedance generates voltage harmonics which can
be measured. Therefore, the THD, variations beyond a
certain threshold can be used to detect islanding..

This method has the advantage that its effectiveness does
not change where there are multiple inverters. However,
it is sensitive to grid perturbations, which makes the
threshold establishment more difficult for islanding
detection. For instance, with non-linear loads, the voltage
distortion at the PCC can be so high that a fault may be
erroncously detected even if the grid is present.
Additionally, with linear loads the THD, variation may
be too low to be detected.

4) Detection based on state estimators [9].

The basic idea of this technique is based on applying a
voltage oriented control combined with the use of
resonant controllers. An algorithm based on Kalman
filters is used to estimate the third and the fifth harmonic
of the grid voltages. The correspondence between the
energy of both the estimated values and the measured
ones can be used to identify islanding condition.
Detection based on state estimators has the advantage of
being a passive method which does not affect the system
power quality. It presents a very low NDZ and an
islanding detection rate very high, comfortably in line
with IEEE. However, it demands more complexity from
the programming point of view compared with other
passive techniques of islanding detection.

B. Active Techniques for Islanding Detection

These techniques intentionally introduce disturbances at
the output of the inverter to determine if they affect grid
voltage, frequency and impedance parameters. In that
case it is assumed that the grid has been disconnected and
the inverter becomes isolated from the load.
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Active techniques have the advantage of remarkably
reducing or even eliminating the NDZ. However, they
may deteriorate the quality of the grid voltages even
causing instability.

1) Impedance measurement [14], [15], [16]. Techniques
based on impedance measurement seek to detect
impedance changes at the output of the inverter, which is
produced when the electric distribution grid, which is
supposed to have low impedance, disconnects from the
system.
The inverter of the DG behaves as a current source which
injects a current as follows.

DG- 0 = DG- m M@ Gt Pog. (6
Usually, a disturbance is added to the inverter output
current, Ipg.iny, Which causes the output voltage to suffer
from changes when the grid is disconnected. This
variation is monitored by calculating the dv/di, which
represents the grid impedance that it is ‘seen’ by the
inverter.
The main advantage of the impedance measurement
method is its small NDZ. However, this method has
many weaknesses. The first one is that its effectiveness
decreases as the number of inverters connected to the
grid increases unless all the inverters use this method and
they all are synchronized. The second one is that it is
necessary to establish an impedance threshold to identify
when the grid is connected. This requires the exact value
of the grid impedance which is a parameter initially
unknown. It makes this method sometimes impractical.

2) Harmonic injection/detection of impedance [14], [17].
This method involves intentionally injecting a specific
current harmonic at the PCC. When the grid is connected,
if the grid impedance is lower than the load impedance at
the harmonic frequency, then the injected harmonic
current will flow into the grid.

The size of the disturbance that appears at the voltage
amplitude will depend on the nominal values of the grid
impedance.

After the grid disconnection, the harmonic current will
flow through the load, producing a specific harmonic
voltage. The name of this method comes from the fact
that the amplitude of the generated voltage harmonics
will be proportional to the impedance of the load at the
frequency of the injected harmonic current.

This method presents the same advantages and
disadvantages of the harmonic detection technique.
However, the disadvantages can be overcome if
subharmonic signals are injected instead of high order
harmonics. Unfortunately, problems are not definitively
solved unless the amplitude of the injected harmonics is
very small.

3) Slip-mode Frequency Shift (SMS) o Active Phase Shift
(APS) [14], [18], [19].

The operation principle of the SMS method is based on
varying the inverter output frequency by controlling the
phase of the inverter current. Usually, DG operates with
unity power factor, so in normal operation the inverter
output current-voltage phase angle of the inverter, instead
to be controlled to be zero, is made to be a function of the
frequency of the PCC voltage, as shown in Figure 5.
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Fig. 5. Phase Angle vs. Frequency.

This method is relatively easy to implement because it is
just a slight modification of a component which is
already required, the PLL. Additionally, it has a small
NDZ compared with other methods. It also has the
advantage of being effective when dealing with multiple
inverters and it offers a good compromise between
islanding detection, the output power quality and
transitory response. However, SMS method requires a
decrease in the power quality of the DG inverter.

4) Active Frequency Drift (AFD) [14], [18], [19].

The basis of AFD method is to vary the frequency of the
output current by means of a positive feedback (Report
IEA-T5-09, 2002), (Sun et al., 2004), (Lopes & Sun,
2006). The method is based on the injection of a current
into the PCC slightly distorted in frequency as shown in
Figure 6. When a grid disconnection occurs, a phase error
appears between the inverter current and the voltage at
the PCC. The inverter detects this error and tries to
compensate it by increasing the frequency of the
generated current. This process continues until the
frequency exceeds the limits and is detected by the OFP /
UFP.

Tout(A)

Fig. 6. Example of current waveform distortion
The relationship between tz in Figure 9 and half of the
voltage period is called the chopping factor:

2 * EZ
o = —~ ™

Vutil

This method can be easily implemented and applied to
multiple inverters. However, the AFD method produces a
small degradation in the quality of the DG output and the
inverter has an NDZ that depends on the value of the
chopping factor. There are similar techniques allowing to
obtain better results by changing the chopping factor,
with a significant reduction in the NDZ, like the
following ones: Active Frequency Drift with Positive
Feedback (AFDPF) [20], AFD with Pulsation of

Chopping Fraction (AFDPCF) [21], among others.

5) Frequency Jump [10], [18].
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The Frequency Jump (FJ) method is a modification of
AFD, and it is conceptually similar to the impedance
estimation techniques. In the FJ method, dead zones are
inserted into some cycles of the output current waveform.
Instead, the frequency is “dithered” according to a pre-
assigned pattern.

When the inverter is connected to the utility, the
waveform of the voltage in the PCC is imposed by the
grid. However, when the grid is disconnected, the
Islanding situation is detected by forcing a deviation in
frequency. The main advantage of this method is that if
the pattern is sufficiently sophisticated, FJ may be
relatively effective in Islanding detection when used with
a single inverter. Furthermore, this method hardly
presents NDZ in single-inverter case and it loses
effectiveness when connecting multiple inverters, unless
the frequencies dithering between inverters are
synchronized.

6) Sandia Frequency Shift (SFS) [14], [18], [23].
This is an accelerated version of AFD and it is one of the
positive feedback methods used to prevent the islanding
operation. With the grid connected, the method detects
and tries to amplify small changes in frequency, but the
presence of the grid avoid it. When the grid is
disconnected, the frequency changes produce phase error
and the positive feedback, in an iterative process, come
the frequency beyond the threshold of OFP or UFP.
When the method is implemented, it is calculated the
reference frequency for the inverter as a function of both
the value at the iteration # and its variation Af, following
(7):

o = 4 A ™
Where f,+; is the reference frequency for the inverter in
the n+1 cycle, f, is the frequency in the n cycle and Ky is
a constant that allows to accelerate the islanding
detection. Finally Af, is the frequency variation in each
cycle. K is designed to compensate the natural tendency
of the system to move to the load resonance frequency
when such a resonance frequency falls within the
thresholds established to detect islanding.

7) Sandia Voltaje Shift (SVS) [14], [24].

This method uses a positive feedback loop of the PCC
voltage amplitude and it is similar to the active power
variation technique. If the voltage amplitude (usually
measured in RMS value) decreases, the inverter reduces
its output current and thus the output power.

The response time of the algorithm can be adjusted by a
factor Kv that increases or decreases the inverter current
proportionally to the voltage variation. This value should
be chosen following the same considerations that it was
described in the active power variation method. Finally,
the method leads the voltage amplitude beyond the
OVP/UVP limits allowing the islanding detection. To
avoid any potential damage of the connected equipment,
it is preferable to decrease the voltage amplitude instead
increasing it.

SVS is easy to be implemented, and it is considered very
effective among the methods that use positive feedback.
Normally SVS & SFS are simultaneously implemented,
improving the effectiveness of the method.
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However, the SVS method has two disadvantages. On
one hand it produces a small reduction in the power
quality because the PCC wvoltage is continuously
perturbed. On the other hand, efficiency of the MPPT
algorithms may be affected.

8) Mains Monitoring Units with Allocated All-pole
Switching Devices Connected in Series (MSD), [6].

This method relies on detection of the grid impedance. It
uses two monitoring devices in parallel, connected to two
series connected switch devices, which are independently
controlled. Each one of the units is continuously
monitoring the voltage, the frequency and the impedance
of the grid.

The advantages of this method are: small NDZ (very
effective), redundancy monitoring and regular self-
evaluation. However, the method has a high probability
of interference with other devices including the grid
itself.

9) Variation of active power and reactive power [10],
[25], [26], [27].
This method is based on the ability of the inverter to
generate independently both active and reactive power. In
islanding, the voltage variation with regard to the active
power injected by the inverter may be obtained from the
power flow. The power supplied by the inverter can be
expressed as:

= )
It is possible to vary the active power injected by the
inverter in order to bring the amplitude of the voltage
outside the normal operating range and be able to detect
islanding.
Similarly to the relationship between voltage and active
power, a strong dependence between frequency and
reactive power exists, which may be used to develop
another method of islanding, based on measuring the grid
frequency.
The disadvantage of this method is that it can generate
false detections of islanding when several inverters are
connected to the same point of the grid. Moreover,
instability problems may appear because the inverter is
continuously injecting disturbances into the grid.

10) General Electric Frequency Schemes — GEFS. [26],
[28], [29].

This method injects a current disturbance into the system
and evaluates the effects on the PCC. The disturbance is
added to the control signals in a Synchronous Reference
Frame (SRF), usually known as DQ frame. The active
power is proportional to the D axis component and the
reactive power is proportional to the Q axis component.
This method is easy to be implemented and it has a
reduced NDZ. In addition, it has a low impact on the
power quality and it is very robust against grid
disturbances. Nevertheless, the injection of disturbance
signals (frequency and voltage) requires be as small as
possible.

3. Remotes techniques of islanding
detection
https://doi.org/10.24084/repqj08.644
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These detection techniques are based on some kind of
communication between the grid and the DG. They are
more reliable than the local techniques, but they are more
expensive to implement. Here are some of these
techniques.

A. Impedance Insertion [4], [30].

This method involves the insertion of a low impedance
load, usually a bank of capacitors, which is connected to
the PCC when the utility breaker opens. As a result, the
power balance between generation and load is modified.
This disturbance causes a phase change and a sudden
variation of the resonance frequency that can be detected
by the OUF limits. A certain delay before connecting the
additional impedance is mandatory to properly detect the
frequency deviation. A scheme of the method is

presented in Figure 7.
UtiIi
breaker

Inverter
DC/AC

Primary
Source

i

Fig. 7. Scheme of a method based on insertion impedance.

This method has a low response time. In addition, the
banks of capacitors can be used also for reactive
compensation.
However, it is expensive to implement and the time
needed to insert the capacitor bank after the grid
disconnection could not meet certain standards. For this
reason, the impedance value should be sized according to
the minimum variation of phase (and therefore the
frequency) that can be detected.

B. Power Line Carrier Communications [6], [31], [32].

This method is a technique that relies on the use of the
power line as a communication channel. The basic idea is
to transmit a continuous low-energy signal between the
transmitter (T) located on the side of the grid and receiver
(R) located on the side of the DG. When this
communication is disrupted, the receiver send a stopping
signal to the inverter and/or a switch (included in the
receiver) should be opened in order to isolate the load
from the DG. The scheme of this method is shown in

Figure 8.
Primary Inverter g —
Source DC/AC Utility @

breaker

Fig. 8. PLCC system with transmitter (T) and receiver (R).
Among others, the advantages of the method are: Ability
to operate in areas with high density of DG. It does not
have an NDZ. The inverter output power quality is not
degraded. Its transient response depending on the type of
signal to transmit, it is possible to use only one
transmitter to cover a part of the grid.

Some of the weaknesses of this method are: the cost of
the receiver and transmitter can be too high. Moreover

RE&PQJ, Vol.1, No.8, April 2010



certain charges under certain conditions highly abnormal,
might replicate the emitted signal by the PLCC which
would result in non-Islanding detection.

C. Signal Produced by Disconnect [6].

This method is similar to the PLCC-based method. The
SPD method is based on communication between the
network and the inverters to avoid Islanding. SPD differs
from the PLCC-based method in the type of transmission
used (microwave link, telephone link or others). In this
way the state of the switch is continuously known by the
inverter.

From the point of view of energy management, this
method has the advantage of additional supervision and
control of both the DG and the grid. Unfortunately, this
method presents the great disadvantage of its high cost,
which increases with every DG connected to the network.
Besides, when the communication is via telephone, the
communication wiring should be increased and
communication protocols should be set up. This problem
can be solved with the use of radio-frequency
communications, but to cover up huge distances repeaters
are needed, whereas a range of working frequencies
should be established which might require licensing.

D. Supervisory Control and Data Acquisition (SCADA)
[6]. [34].

The inclusion of inverters in a SCADA system is a
logical choice for Islanding prevention. SCADA systems
use a wide communications network and sensors to
control and monitor the grid connected equipment,
allowing a fast response to contingencies that may arise
in the grid, easing Islanding detection. When the grid is
disconnected, a series of alarms are activated for
disconnection of the DGs. This method is highly
effective to detect islanding, eliminating the NDZ.
However, this method presents the disadvantage of being
too expensive and requiring a large number of sensors
and additional features. Furthermore, it is not feasible in
small installations.

4. Conclusion

In this paper several techniques for Islanding detection
have been presented. These techniques can be classified
into two groups depending on their location in the DG
system: remote and local techniques. In the first group
the detection algorithm is located at the grid side,
whereas in the second group the detection method is
located at the inverter side. Additionally, the local
techniques can be divided into passive ones, which are
based on parameter measurement, and active ones, which
generate disturbances at the inverter output. Finally, the
advantages and disadvantages about these methods are
mentioned.
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