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1 Introduction

With the rising global power uses and risk of exhausting of traditional combustible,
addition of DG set becomes important [1], and for that, advancement in the tech-
nology is needed. Advances in technologies as fuel chargeable cells, diesel engines,
small wind, hydropower and solar power as well as new developments in the power
electronics, deregulation of the energymarket, consumer demand for improvedpower
quality (PQ) and reliability; most important environmental issues are pushing the
power industry towards the distributed generation. DGs can be described as genera-
tion units, other than utility units, which are generally located near to consumers end.
By rising the DGs in the electrical system, it can reduce the distribution and trans-
mission losses and improves the voltage (V) profile and power quality [2]. Before
the DGs are added to the grid, various obstacles should be resolved. Such concerns
include frequency stabilization, voltage stability, renewable resource intermittency,
and problems with power quality. Major problem of the distribution system caused
during the disconnecting of the central grid, the disconnection of the central grid
is called islanding, i.e. shown in Fig. 1, where load is able to get the power from
DG only, which might be intentional or unintentional. Intentional islanding is that
although they are isolated from the main grid, DGs still supply electricity efficiently
to local load. This is a controllable mode of operation, and mostly, this is done for the
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Fig. 1 Power islanding
condition

Table 1 Islanding detection time (D.t), quality factor (Q.f), frequency (f) and voltage (V) range of
different standards [4, 5]

Standard Q.f. D. t. (ms) Frequency range (Hz) ‘V ’ range

IEEE: 1547 1 Less than 2000 59.3–60.5 88–110%

IEC: 62116 1 Less than 2000 f0-1.5 ≤ f ≤ f0 + 1.5 88–110%

IEEE: 929–2000 2.5 Less than 2000 59.3–60.5 88–110%

maintenance purpose, but unintentional islanding is an unacceptable phenomenon
due to line tripping, malfunction of metres, etc. [3], and this is an uncontrollable
mode of operation.

The unintentional islanding of DG leads to several problems like safety issue,
fluctuation of the voltage and frequency, stability issue and many more. Hence, it has
to be detected as soon as possible within a specified NDZ and DG standards given
in Table 1, so that the distributed generators must detect islanding and immediately
disconnect, called anti-islanding (AI) detection.

As due to many problems like safety concern, instruments/equipments concern,
etc, this paper looks in depth of islanding detection (ID) of remote and passive
methods with their pros and cons and also very helpful to researchers when choosing
an appropriate ID technique for future islanding detection.

2 Indices/Parameters of Islanding Detection Methods

NDZ became the primary cause for failing of IDMs. NDZ is mainly due to slight
power difference between DG and load utilization that leads to variation in V, I and f
but not significantly [6]. Detection time also plays an important role, expound as time
interval between (b/w) the disconnecting of the central grid and detecting islanding
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by IDMs, and during islanding events power quality should be maintained as per
standard.

3 Islanding Detection Methods (IDMs)

Different IDMs given till now, but these are mainly classified as remote islanding
detection (RID) and local islanding detection (LID) methods. RID techniques are
concerned with realization on central side, while LID methods are concerned with
realization on DG side [7]. LID methods are further categorized as passive islanding
detection (PID), active islanding detection (AID) and hybrid islanding detection
(HID) methods.

3.1 Remote Islanding Detection Methods

RID approaches are planted as interactionwith the power grid andDGs. RIDmethods
work adequately having better reliability than LIDmethods and also have very negli-
gible NDZ. The main drawbacks of communication-based IDMs are high computa-
tional burden, higher cost and complexity in their operations [8]. A transmitter and
receiver are used for the communication, i.e. shown in Fig. 2.

PLC method. In power line communication (PLC) method, continuous signal is
broadcasted from the main grid to DGs using power line as the path of the signal.
Here, there would be need of the signal transmitter and receiver unit. Signal trans-
mitter is equipped with the grid and signal receiver at the DGs. Generally, the trans-
mitting signal is optimized for the 4 successive cycles and if signal vanishes for 2
or more cycles, islanding events get realized [9]. Due to the rising costs and other
complexities, system is ideal for large-scale distributed power networks.

Transfer trip (TT) method. TT method is tangled islanding realization method
having additional control of DG via the main grid is attained [10]. Generally, TT
method is incorporated into the SCADAprogram for controlling the running switches

Fig. 2 Power line of remote islanding consisting of transmitter and receiver
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while maintaining good synchronization between MG and utility. These processes
have almost zero NDZs and giving fast realization of islanding, but limitations are
high cost, hardware implementation, etc [11].

Supervisory control and data acquisition (SCADA) method. It is planted as the
regular tracking of breaker, recloser, switching device and their control circuit. In a
SCADA system, sensitive sensors monitor electrical data such as V, I and f to detect
any alteration or failure in the network. When islanding event happens, the grid data
are changed immediately, so relay operates and disconnects the DG sources [11].

3.2 Passive Islanding Detection Methods

These methods operate on the principle of measuring of local data such as V, f and
power variation as well as harmonic distortion at PCC. These data vary significantly
when utility grid is isolated from the integrated power distribution networks orDGsor
microgrid. A threshold value has to be set so that islanding and non-islanding (distur-
bance, slight load variation, etc.) conditions are recognized clearly. PID methods are
fast and do not have any issue on power quality but having the large NDZ [12, 13], i.e.
the main drawback of passive IDMs. The basic flowchart of PID methods is shown
in Fig. 3, and after that various passive IDMs are discussed briefly.

Over/Under voltage and Over/Under frequency (OUV/OUF). Methods of OUV
and OUF allow the realization of islanding phenomena by measuring the V and f

  No

  Yes   

Start

Measure V, I, Hz, THD, P, Q etc…at PCC (A) 

A ≥ Threshold 

Trip Signal    
(Islanding detected) 

To Breaker (End)

Fig. 3 Flowchart of passive IDMs
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at PCC or DG terminals and subsequently compared with the threshold values for
the proper operation [14]. Active power difference leads to V variation, while large
fluctuation in the f is due to reactive power difference (�Q �= 0) b/w supply (DG) and
demand (load). Approach has reasonable cost, no influence on PQ, and limitations
of this approach are having large NDZ. Prediction of detection time is difficult as �t
varies from 4 to 2000 ms, sometime may be more [15].

Rate of change of frequency (ROCOF). Efficiency of passive ROCOF method
is centred on frequency measurement at PCC. During sudden power imbalance,
the ROCOF (d f/dt) is analysed continuous for the five cycles to abolish the false
detection due to the present of transients and compared with the threshold value for
generating the trip signal [16]. Generally, it is said that a large system has small
ROCOF while a small system has large ROCOF as d f/dt has inverse relation to the
moment of inertia and generation capacity. Detection time is up to 24 ms [17], and
it is highly efficient.

Rate of change of power output (ROCOP). Principle of ROCOP (dP/dt) depicts
as detection of the changes in the output power of DG network. Owing to loss of
main grid, changes in the output power are much greater than the non-islanding
case. Realization time of this practice is nearly 24–26 ms [18]. This practice is very
responsive when the microgrid has unbalanced burden in lieu of balance load.

Rate of changeof frequencyover activepower (ROCOFOAP). In small generation
network, it is shown that d f/dP value is bigger compared to the larger capacity
network. ROCOFOAP uses the same concept to determine the islanding condition.
A slight change in the power mismatch leads to higher d f/dP value, and thus, it
is more sensitive, having smaller NDZ and has lower error detection ratio as well
as higher reliability. Expected detection is about 100 ms [19]. Difficulty with this
method is in selecting the threshold limit as both things (ROCOF and ROCOP) are
required.

Rate of change of frequency over reactive power (ROCOFORP). Among entire
PID methods, it is said to be the best one [20]. Approach discriminates the islanding
and non-islanding conditions perfectly, but in case of OUV/OUF, ROCOF, ROCOP
perfectly discrimination is not possible [21]. Whenever ROCOFORP crosses the
preset threshold value, islanding gets detected. It has very narrow NDZ and can say
almost zero NDZ.

Phase jump detection (PJD). PJD involves checking for a sudden “jump” of the
phase difference between the inverterV& I [22]. In usualmode, the currentwaveform
of inverter is proportioned to the V of the power grid with the help of phase-locked
loop (PLL). Whenever phase difference becomes more than threshold value, then
islanding detects [23].

The phase difference phenomena occur because only the inverter current is
controlled, that is why PCC voltage may deviate their path while current not.

Figure 4 shows the variation of voltage when DG operates just after disconnection
of the main grid. Key benefits are easy in implementation and fast detection within
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V
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Jump voltage                                                             Inverter current 

   Phase Error  

Inverter voltage

Fig. 4 Principle used in PJD operation

10–20 ms [24]. Yet problemwill come during selection of preset value, as phase may
be changed during load switching generally motor load.

Voltage unbalance (VU). Whenever islanding occurs, DG has the burden of their
local load. If the changes in the V, f and phase displacement are large at the PCC,
then islanding is detected easily but not effective during small changes. So during
small change, VU topology used, as it varies despite of the small changes [7, 25, 26].
VU is planted as the deviation of V at time t during unbalance and steady state. If VU
of 3-phase voltage output of microgrid exceeds the threshold value, then islanding
detected. The VU at the time t is described as the proportion of negative and positive
sequence voltage.

VUt = NSVt

PSVt
(1)

where NSVt and PSVt are degree of negative (-ve) and positive (+ve) sequence
voltages at time t . The realization time is around 53 ms [27]. Problem will come
during selection of preset value as −ve sequence V is changed by sudden spike too.

Total harmonic distortion (THD) of voltage and current. Method implements the
measure of harmonics in AC signal. During integrated mode, there is almost perfect
sinusoidal wave generated, and thus, their THD is near to zero. Due to change in
impedance of the load, whenever main grid gets disconnected, large changes occur in
their waveform, and hence, THD value rises, after comparing to the threshold value,
a trip signal is generated and islanding gets detected [28]. Method is effective for
multi-DGs. Drawback is that sometimes nuisance tripping occurs due to nonlinear
load switching as THD is sensitive to perturbation.

Voltage unbalance (VU) and THD. Whenever two or more passive parameters are
used their accuracy get improved, sometimes NDZ also reduced [29]; thus, effec-
tiveness of the THDmethod gets increased when THD of current combined with VU
method. Additionally, it utilized the voltage magnitude as well. Whenever average
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voltage get lowered/above more than preset value (around 5%), then it makes imme-
diate trip signal for islanding. Otherwise, it measures�THD and�VU in a specified
sampling time, and if both exceed their preset value simultaneously, then islanding
get detected [30]. This method is capable of detection of islanding correctly.

Rate of change of reactive power (ROCORP) and THD. Practice is based on
ROCORP and THD of current. Parameters are measured at DG’s output, orderly to
decide islanding and non-islanding events. ROCORP is measured at the first stage,
and their threshold value is taken small. Whenever ROCORP exceeds their threshold
value, then the analysis would be done on current harmonic, if current THD also
crosses their preset value then islanding gets detected [31].

Change in impedance. By computing of V and I at the PCC, impedance can be
obtained. Usually, impedance at the utility grid is lesser compared to the microgrid.
Whenever the main grid is getting disconnected, the impedance rise suddenly and
thus by continuouslymonitoring of the source impedance, islanding or non-islanding
events get detected [7, 32].

Rate of change of voltage and change in power factor (ROCOV and CPF). It
is based on the parameters (dv/dt) and (�p f ). Method is particularly helpful in
case of the DG having capacity close to the main generator, it is also helpful in
detection of the loss of the parallel feeders. Whenever utility grid disconnected from
the integrated distribution network, variation in the voltage degree and power factor
occurred at PCC, and thus islanding realized. Its realization time is around 35 ms
[33].

Rate of change of negative sequence voltage/current (ROCONSV/C). By the
help of sequence analyser, components +ve, -ve and zero sequence of V and I
might be separated. The +ve sequence component remains in both (islanding and
grid-connected) modes, and −ve sequence component remains during the islanding
operation. After comparing the ROCONSV/ROCONSC with their respective set
value, an islanding event is being realized easily [34].

Rate of change of positive sequence voltage/current (ROCOPSV/C). As +ve
sequence components of V and I are present in all the modes, hence its magni-
tude will play the role of islanding detection. Positive sequence components are
being computed by sequence analyser and compared to the preset defined value;
if ROCOPSV/ROCOPSC value crosses that defined value, then balanced islanding
condition is realized with zero NDZ [35]. This method will eradicate the switching
events and islanding condition perfectly.

ROCO(PSV and PSC). This PID technique is the union of rate of change of +ve
sequence V and I. Island gets realized if both ROCOPSV and ROCOPSC exceed
the set threshold value. Some of the passive approaches are not capable of detecting
islanding condition at low power mismatch, but this method is capable of islanding
even at very low power mismatch. Method eliminates islanding condition and non-
islanding condition easily. Realization time is also low, i.e. around 10 ms [36].
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Rate of change of exciter voltage, over reactive power (ROCOEVORP). Within
this method, exciter voltage and power (reactive) are chosen for islanding realization
as exciter voltage and reactive power are proportionally vary with the variation of
excitation and not depend upon inertia constant, while frequency and active power
depend upon inertia constant but not with excitation variation [37]. The affectivity
of reactive power and excitation for a variety of excitement is very quick. After
measuring of voltage excitation and reactive power, ROCOEVORP (dE/dQ) is
obtained and comparedwith the preset value for islanding detection [38]. On the basis
of exciter voltage, one more technique is used, and name is given as rate of change
of exciter voltage with circuit breaker switching strategy (ROCOEV with CBSS).
For detection, this technique takes more time compared to ROCOF, OUV/OUF.
Advantage is having the small NDZ [39].

Phase angle between negative sequence voltage and current (PANSVNSC). This
practice is established upon the principal of phasor estimation of negative sequenceV
and I by least squares method. The NSV and NSC are obtained by sequence analyser.
Absolute phase angle is symbolized as

|∅| = |∠VNS and ∠CNS|

If the absolute value of phase angle crosses the set point, hence islanding is
realized. Advantage of this technique is fast detection, and it works also on zero
power imbalance, and hence, NDZ is reduced [40].

ForcedHelmholtz oscillator (FHO). This islandingdetectionmethoduses themodi-
fied frequency at the PCC. In the proposed literature [41], inverter and synchronous-
based DGs are used. Method uses chaos concept principle, and forced Helmholtz
oscillator, oscillator input is modified frequency. Change between chaotic motion
and normal motion has their own advantage of this oscillator. This method detects
the ± 0.4% active power mismatch, and hence, their NDZ is negligible.

4 Comparison of IDMs

After reviewed of many islanding detection methods, a healthy comparison is made
among the RID and PID methods on the basis on (NDZ), detection time and PQ,
i.e. shown in Table 2. Every technique has its own merits and demerits. There is no
any IDM which will work accurately in all conditions, but according to need, IDM
can be chosen. On the basis of cost, IDMs can also be classified as, generally PID
has lowest cost, RID has highest cost, AID and HID cost are in between the two.
Comparisons are made according to the prescribed references.
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Table 2 Comparison of
IDMs on the basis of NDZ,
detection time (�t) and
power quality (PQ)

Method’s name
(RID)

NDZ �t (ms) PQ

PLC Zero 200 N.A.

TT Zero N.R. N.A.

SCADA Zero Slow speed in
busy grid

N.A.

OUV/OUF Large 4–2000 N.A.

ROCOF Large 24 N.A.

ROCOP <than OUV/OUF >One cycle N.A.

ROCOFOP <ROCOF 100 N.A.

ROCOFORP Very small N.R. N.A.

PJD Large 10 to 20 N.A.

VU Large 53 N.A.

THD (V/I) Large, (Q high) 45 N.A.

VU AND THD Small 25–2000 N.A.

ROCOV and
CPF

Small 35 N.A.

ROCONSV (ac) Zero 80 N.A.

ROCOPSV (ac) Zero 10 N.A.

ROCO(PSV &
PSC)

Zero 10 N.A.

ROCOEVORP Zero N.R. N.A.

ROCOEV with
CBSS

Zero 100 to 300 N.A.

PANSVNSC Zero Within 4.16 N.A.

FHO Very small Up to 440 N.A.

#N.R. Not Reported, N.A. Not Affected

5 Conclusion

In this paper, different kinds of IDMs (remote, passive) have been described for the
utility connected microgrid system. The IDMs comparison is made on the basis of
standards of Table 1. Remote methods are based on the communication scheme, that
is why cost is high and most reliable, as NDZ is zero and no power quality issue. But
in case of local methods, these indices vary as per the different kinds of local methods
named as passive, active and hybrid. Passive technique does not cause any problemon
power quality and has highNDZ, but themodified or integrated passive has somehow
less NDZ; i.e. why integrated passive IDMs are more beneficial. Generally, passive
detection time is low compared to othermethods. Due to the high cost and complexity
during installation, RID methods are not chosen. After being the above-mentioned
limitation of PIDmethods, still it is chosen over RID due to their lesser cost and easy
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implementation, but PID and modified PID are more suitable for the small microgrid
system. For large system, RID is best. Hence, this literature is providing a good
concept over islanding detection, and it will be helpful for the future research.
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