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Abstract

This paper presents a passive method based localized islanding detec-
tion method for distributed generation (DG) connected to a main grid.
The approach in this paper is based on the calculation of the magnitude of
positive sequence based superimposed components of current and voltage,
and the angle between them at the DG end. These three physical quantities
altogether are used to identify the islanding. The prevailing active detection
techniques introduce deliberately disturbances into the system which might
lead to problems related to power quality, stability, and reliability of the
power system. On the contrary, passive methods based islanding detection
techniques has the issue of large non-detection zone (NDZ). The proposed
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technique overcomes the NDZ problem and does not introduce any distur-
bances. PSCAD/EMTDC is used to simulate the two systems. Various tests
are carried out on these systems to access the execution of the proposed
method and it was found that the suggested method has least NDZ and can
detect the islanding within 10 ms well below the time required by a recloser
which is 150 ms.

Keywords: Real power mismatch, micro-grid, distributed generation (DG),
rate of change of frequency (ROCOF), positive sequence superimposed
component.

1 Introduction

With increased price of fossil fuels, natural gases and environmental issues,
existing power network has gone through considerable changes in struc-
ture building, operation, regulation and planning. The power network is
forced to operate close to its operational margin and utilize the maximum
infrastructure, owing to the new restrictions set up by political, economic
and environmental concerns. This situation leads to the proliferation of
distributed generation systems. It has become necessary to integrate the dis-
tributed generation (DG) to the utility as it reduces the line losses, reliance on
fossil fuel for energy generation and hence improves the distribution system
efficiency and reliability. Along with these advantages it has got certain
disadvantages as well. The main problem is the islanding condition [1]. The
islanding phenomena occurs when the main utility is interrupted but the DG
continues to deliver electricity to the network. [2]. The islanding process
may be intentional [3] (due to maintenance outage) or unintentional (due
to fault and subsequent switching actions) in nature. Energized islanding
network (unintentional islanding) has got certain issues. The main problems
are safety hazards; extreme transient stresses when reconnected to the grid,
inadequate and uncoordinated grounding, customers, equipments and utility
workers may be endangered because of wild behaviour of the voltage and
frequency [4]. Current practice dictates that the DG be removed from the
main grid as soon as reasonably possible, within 2 seconds according to IEEE
Std. 1547.

It is essential to identify the islanding before taking any necessary mea-
sure. Islanding detection techniques are classified in three types: (1) active,
(2) passive and (3) the methods based on communication. Passive methods
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observe the different system quantities like impedance, current, voltage,
THD, frequency at any preferred point and then compared them with the
pre-defined limit to determine islanding. Passive approaches are desirable
as they don’t put any influence on normal functioning of the DG system
because they employ data that is already accessible at the DG terminals.
The Non-detection zone (NDZ) is the primary drawback of this approach.
The different passive techniques that have been developed till date are rate
of change of frequency (ROCOF) [5], over/under voltage (OVP/UVP) [6, 7],
total harmonic distortion present in the current [8, 9], rate of change of power
(ROCOP) [10, 11], phase shift method [12] and rate of change of voltage
(ROCOV) [13]. Active methods decide about the islanding by intentionally
introducing a small amount of perturbation into the system and recording
feedback based on the perturbation. The feedback will be negligible in case
of the non-islanding condition and hence no changes will be done in the
operating conditions. But in case of islanding the system parameters will
experience significant change as the main grid is disconnected. The major
advantage of these methods is that they have a small NDZ but suffers from
the drawback of power quality problems owing to the addition of perturbation
to the system. Active islanding approaches include active Frequency Drift
[14–17], slip-mode frequency shift [18, 19] voltage shift method [17] and
current injection [20–22].

Communication links between different DGs are used as the base to
determine the islanding situations in case of islanding detection techniques
based on communication [23–28]. This technique has got the highest possible
accuracy as it has got negligible NDZs but suffers from the drawbacks of high
speed requirement which makes it most expensive. Most of these techniques
use phasor measurement units (PMUs). PMUs are used in various applica-
tions in finding different power system states and islanding detection can be
one of them. A novel local passive islanding detection technique is presented
in this paper where the magnitude of the positive sequence superimposed cur-
rent and voltage and the angle between them [29] at the DG terminal are used
to decide about the islanding. Sampling of voltage and current is done at the
rate of 1 kHz for all conditions. Least square method [30] is used for phasor
estimation of current and voltage. The amplitude of the positive sequence
superimposed current and voltage, as well as the phase angle between them,
are used to determine the islanding situation. The implementation of given
technique is assessed for less than 15% of active power mismatch. The pro-
posed technique performs well even for zero power imbalance. At the DG
terminals, the suggested technique’s performance is evaluated for several
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Figure 1 System on which proposed technique is tested.

non-islanding cases like capacitor switching, load switching, balanced, and
unbalanced faults etc.

2 The System Studied

Figure 1 shows a 400 kV, 50 Hz system which is used to test the proposed
method. 10 MVA is taken as the base power and the system considered is
taken as a radial distribution system connected to the main grid, with 4 DG
units, through the point of common coupling (PCC). The operating voltage of
the grid is 25 kV and the DG units are kept at 20 km away from each other and
are separated from each other by transmission lines modelled as pi sections.
The components of the selected system are taken from the reference [31] and
their description is given in the appendix.

2.1 Proposed Technique

Amplitude, phase angle and frequency are calculated using phasor estimation
method. The proposed technique is based on monitoring the magnitude of
positive sequence superimposed voltage and current, and angle between the
two before and after the disturbance. Estimation of ROCOF should also be
done as the proposed technique has to be compared with ROCOF relays.
The proposed method uses the least square method for the estimation of
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respective phasors. The voltage and current signal can be modelled as [32]:

y(k) = Ym sin(kw0Ts + φ) + k0e
−kTs/τ (1)

where, Ym = the maximum value of the fundamental component, w0 = the
fundamental frequency component, rad/s, φ = phase angle of the signal, rad,
Ts = sampling interval, s. It is assumed that this signal contains a decaying
DC component of amplitude k0 and time constant τ , as this is usually the
case of the disturbance; k is the kth sample and Ts is the sampling time.
Equation (1) is linearized and written as:

y(k) = a11x1 + a12x2 + a13x3 + a14x4 (2)

where a11 = sin(kw0Ts), a12 = cos(kw0Ts), a13 = 1 and a14 = ±kTs.
Similarly x1 = Ym cos Φ, x2 = Ym sin Φ, x3 = k0 and x4 = −k0/τ . Then
Equation (1) can be written as:

[A][X] = [B] (3)

where,

A =


Sin(w0Ts) Cos(w0Ts) 1 −Ts
Sin(2w0Ts) Cos(2w0Ts) 1 −2Ts

. . . .
Sin(kw0Ts) Cos(kw0Ts) 1 −kTs

 (4)

and
b = [y(t0 + Ts)y(t0 + 2Ts) . . . y(t0 +NTs)]

T (5)

In Equation (5), N denotes the number of sample points per cycle.
The variable vector becomes:

[X] = [x1 x2 x3 x4 x5 x6]
′ (6)

To estimate the unknown variable [X], fundamental component is
obtained using the following equation:

[X] = [[A]T [A]]−1[A]T [B] (7)

The frequency can be estimated as follows:

f = [θ(n)− θ(n− p)]/2πpTs (8)

where θ is the phase angle of fundamental component of the voltage and
p = 0, 1, 2. . . and finally,

ROCOF =
∆f

∆t
(9)
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The positive sequence voltage V1 and current I1 from the three phase
measured values of voltages and currents can be calculated as follows:

V1 = (Va + aVb + a2Vc)/3

I1 = (Ia + aIb + a2Ic)/3
(10)

where a is an operator which shifts a phasor by 120 degrees in anti-clockwise
direction without changing magnitude. Following the computation of the
positive sequence voltage and current phasors, the negative sequence super-
imposed component of voltage and current is computed as follows [33–37]:

∆E1 = V1f − V1pre (11a)

∆I1 = I1f − I1pre (11b)

where V1pre and V1f are the positive sequence voltages before and after
the disturbance or islanding respectively. Similarly I1pre and I1f are the
positive sequence currents for the same conditions. Finally, the phase angle
(Φ) between positive sequence superimposed voltage and current is given as:

Φ = |∆E1 − |∆I1 (12)

A sample network shown in Figure 2 is used for simplified mathematical
analysis in which a DG is connected to a main grid through a PCC and it
supplies some load through this point.

The relay R is located at DG bus. The sequence diagram for the system is
shown in Figure 3 below:

PCC Main 
Grid DG 

~ ~
R 

CB1 CB2 

Figure 2 System during normal operation.
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Figure 3 Sequence network during normal operation.
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Figure 4 Contribution due to main source.

The pre-islanding positive sequence voltage (V1pre) and current (I1pre)
can be found by using superposition principal to Figure 3. Individual contri-
butions of the two sources are taken independently as shown in Figures 4 and
5 respectively.

The contribution of the main source can be calculated as:

Zseen =
ZL(Zt + Zd)

ZL + Zt + Zd
(13)

I =
Vm

Zm + Zseen
(14)

I1 = −I ZL
ZL + Zd + Zt

= − Vm
(Zm + Zseen)

ZL
Zt + Zd + ZL

(15)

The contribution of the DG is:

Ztot = Zt + Zd +
ZmZl
Zm + Zl

(16)

I2 =
Vd
Ztot

(17)
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Figure 5 Contribution of DG.
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Figure 6 Sequence network during islanding condition.

where Ztot is the total impedance seen by the DG. The net current supplied
by the DG will be the algebraic sum of (15) and (17):

I1pre = I1 + I2 (18)

V1pre = Vd − I1preZd (19)

The post-islanding positive sequence voltage (V1f) and current (I1f) can
be found by using Figure 6.

I1f =
Vd

Zd + Zt + Zl
(20)

V1f = Vd − I1fZd (21)

The corresponding phasor diagrams for the above systems (before and
after the islanding event respectively) is revealed in Figures 7(a), and 7(b)
respectively and Figure 7(c) shows it for positive sequence component of
current (∆I1) and positive sequence component of voltage (∆E1). Clearly
this angle is negative for islanding condition as is seen in Figure 7(c).
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3. In Figure 7 b, Vd and a phasor line overlap with each other. Please replace that figure with the 
following figure. 

 

 

 

 

 

 

 

 

 

Figure 2.7 Phasor diagrams during islanding 
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Figure 7 Phasor diagrams during islanding.

3 Results

3.1 ROCOF Method and its Working

The islanding situation will arise from the opening of the primary breaker
(CB1) in Figure 1 at t = 0.08 s. The first non-islanding condition is created
by tripping DG-2 by disconnecting the circuit breaker CB_DG2. The sec-
ond non-islanding situation is simulated by disconnecting distribution line
section-2 (DL-2) with an active power mismatch of 60%. The voltage and
current data for the two examples are stored at the DG-1 and DG-3 ends,
respectively, and the positive sequence voltage and current phasor values
are computed using the one cycle least square approach. The frequency and
ROCOF of voltage signal are calculated using (8) and (9) respectively. The
performance curve of conventional method (ROCOF) with 60% real power
imbalance in islanding condition and first non-islanding case is revealed in
Figure 8. Islanding and non-islanding conditions are differentiated from each
other by using a suitable threshold. It is found that the variation in ROCOF
is not uniform. Furthermore, the value of ROCOF may touch to zero value
during the islanding condition in case of zero power imbalance which may
create problem in distinguishing the two conditions. Figure 9 shows islanding
and non-islanding cases (section-2 cut off) with a real power imbalance
of 60%.

Real power imbalance modulates the rate of change of frequency in power
system. The capability of the traditional technique (ROCOF) is evaluated
for real power difference ranging from 15% to 80%. At higher active power
mismatch, the value of ROCOF is higher and with an appropriate threshold it
is very easy to differentiate the islanding. For lower active power difference,
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Figure 8 Curves showing performance for ROCOF at DG-1 for islanding and non-islanding
(DG-2 tripped) cases with an active power mismatch of 60%.
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Figure 9 Curves showing performance for ROCOF at DG-3 for islanding and non-islanding
(section-2 completely cut off) cases with an active power mismatch of 60%.
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Figure 10 ROCOF at DG-1 for islanding conditions with 15 to 80% active power mismatch.

the magnitude of ROCOF decreases and may be less than the threshold which
makes it impossible to distinguish the islanding.

Figure 10 shows it more clearly for the conditions of 15% to 80% real
power difference. The islanding for 0% active power mismatch may be unno-
ticed. The conventional approach (ROCOF) is clearly incapable of detecting
islanding, as shown in Figure 11, when the real power imbalance is less than
15%. As the threshold changes with the change in real power mismatch, it is
difficult to determine a suitable threshold for islanding detection.
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Figure 11 Curves for ROCOF at DG-3 for islanding conditions with 15 and 80% real power
difference.
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Figure 12 SIC1 at DG-1 with 50% active power mismatch for islanding and non-islanding
condition (tripping of DG-2).

3.2 Proposed Technique

In the proposed method, the positive sequence superimposed component
of current and voltage are computed along with the phase angle between
the two. When islanding situation occurs, the values of positive sequence
superimposed current and voltage exceeds to a great extent that of non-
islanding condition as shown in Figure 12. Two criteria have been used,
the value of ∆E1 and ∆I1 and the angle between the two. If the value of
∆E1 and ∆I1 are greater than the threshold (70V for ∆E1and 3A for ∆I1)
and the angle (Φ) between the two has negative value, islanding is declared
otherwise not. Figure 12 reveals the performance plot of proposed method
for islanding and non-islanding (tripping of DG-2) conditions. Both ∆E1

and ∆I1 (in kV and kA respectively) have the prominent values (greater than
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Figure 13 SIC1 at DG-2 with 20% real power imbalance for islanding and non-islanding
situation (load change at PCC).

threshold) so the angle (Φ) comes out to be negative in islanding and zero
(negligible) in non-islanding. The islanding condition is detected within 8 to
10 ms and the trip signal shows dynamic consistency. Islanding condition is
obtained here by simulating the tripping of CB1 in Figure 1 with 50% real
power imbalance. Simulation of other non-islanding condition with a 20 %
real power imbalance include load switching at the PCC. The working of
proposed technique is evaluated and tested at the location of DG-2 end and
the corresponding curve is shown in Figure 13. Corresponding angle between
∆E1 and ∆I1 is zero in case of non-islanding condition.

In Figure 14 same conclusion can be made where load switching (non-
islanding condition) is done with 5% real power imbalance at DG-2 end. The
phase angle between ∆E1 and ∆I1 is zero for non-islanding and non-zero
for islanding situations. The load change and the capacitor bank switching
are among other critical non-islanding situations which are also checked.
Figures 15 and 16 are the important ones as the value of ∆E1 and ∆I1
for non-islanding situations (load changing at DG-3 end and capacitor bank
switching at DG-1 respectively) is greater than the threshold, but the mag-
nitude of the phase angle Φ in these cases is positive as is clear from the
figures. As a result, distinguishing non-islanding from islanding conditions is
simple because in the proposed methodology this angle has to be negative for
islanding condition along with the above conditions.

The important point is that there is no need to worry about the value
of ∆E_1 and ∆I_1 going beyond the threshold, the angle Φ will take care
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Figure 14 SIC1 at DG-3 with 5% real power imbalance for islanding and non-islanding
situation (load switching at DG-2 end).
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Figure 15 SIC1 at DG-3 with 5% real power difference for islanding and non-islanding
condition (load change at DG-3 end).

at that time. The value of ∆E_1 and ∆I_1 is greater than the threshold
in these cases because the monitoring and the non-islanding condition take
place at the same place. Figure 17 shows how the proposed technique dif-
ferentiates the islanding from non-islanding condition with 0% active power
mismatch (completely cut-off of section-2). To determine the performance of
islanding detection relay for any real power imbalance is an important factor.
Islanding condition is simulated with 0% and 80% real power imbalance by
opening CB1 in Figure 1 at t = 0.08 s. Figure 18 reveals the working of given
technique at DG-4 terminal with 0 and 80% real power difference.
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Figure 16 SIC1 at DG-1 with 5% real power imbalance for islanding and non-islanding
situation (capacitor bank switching at DG-1 end).
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Figure 17 SIC1 at DG-1 with 0% real power imbalance for islanding and non-islanding
condition (complete cut-off of section 2).

Finally, Figure 19 shows this proposed technique tested for islanding with
a real power imbalance of zero to 80%. From the figure it is clear that the
angle Φ is always negative for 0 to 80% power mismatch with negligible
variation. But it looks like that that the value of ∆E1 and ∆I1 may be less
than the threshold for lower active power mismatches and in that case the
proposed technique may fail. The value of ∆E1 and ∆I1 for 0% active power
mismatch after the delay is 948 V and 45 A respectively, which are well above
the threshold. So the chances of failing the technique are negligible as these
values will increase when the active power mismatch increases. Table 1 also
shows these results in tabular form. Different types of fault cases may create
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Figure 18 SIC1 at GD-4 for islanding detection with 0 and 80% active power mismatch.
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Figure 19 SIC1 at GD-1 with 0 to 80% real power imbalance for islanding detection.

problem in detecting the islanding situation. To check the working of the
proposed method for unbalanced faults, ABG fault is simulated at DG-3 end
for 0% real power imbalance. Corresponding performance curve is revealed
in Figure 20. The graph clearly shows that the technique works successfully
in case of unbalanced faults as well.

Reactive power mismatch is also another concern in distributed gen-
eration network. The reactive power mismatch in the distributed network
is varied from 0% to 80% and islanding condition is simulated for these
situations. Performance plot for the proposed technique is shown in Figure 21
for reactive power imbalance with 0% and 80% at DG2. It is seen that the
reactive power imbalance has negligible impact on the proposed technique.
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Figure 20 SIC1 at GD-1 with 0% active power imbalance for islanding and ABG fault at
DG-3 (non-islanding condition).
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Figure 21 SIC1 at GD-2 with 0% and 80% reactive power imbalance for islanding detection.

3.3 Working of the Given Technique for IEEE-34 Bus System

Realization of the suggested technique in this paper is tested for IEEE-34 bus
network as shown in Figure 22. This network has 10 DGs including 6 wind
generators (9 MW each) and 4 emergency diesel generators (5 MW each).
It has got a total load of 74 MW active power and 10 MVAR reactive power.
Figure 23 reveals the performance plot of the given technique, which is tested
for islanding and load change at DG-3 end (non-islanding conditions) with
0% real power imbalance. As a result, it is determined that the proposed
approach works effectively to detect the islanding condition in IEEE-34 bus
system even with 0% active power imbalance.
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Figure 22 Standard IEEE-34 bus system.
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Figure 23 SIC1 at GD-1 with 0% active power imbalance for islanding and load change at
DG-3 (non-islanding condition) in IEEE-34 bus network.

4 Discussion

It is found from the above analysis that the real power mismatch plays an
important role in detecting the islanding condition in conventional technique
(like ROCOF based technique). The technique detects the islanding condition
when the real power imbalance is large but it fails when the real power
imbalance is less than 15%. The proposed technique, on the other hand,
works satisfactorily regardless of the real power mismatch. The suggested
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approach is validated on the other non-islanding situations like load change,
capacitor bank switching and the load switching at the same target DG and
it works well to distinguish these situations from islanding. The active power
mismatches vs the operating time plot is shown in Figure 24 for ROCOF
and proposed technique. It is evident from Figure 24 that the operating time
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Figure 24 Active power mismatch vs operating time.
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Figure 25 Complete algorithm of the proposed technique for islanding detection.
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for the proposed technique is almost constant (independent of change in real
and reactive power imbalance) whereas in case of conventional technique,
it varies with variation in real power imbalance. The reaction time of the
proposed method is lesser than the ROCOF relays showing the fastness of
the proposed method. Since the proposed method works effectively upto 0%
real power imbalance, hence the Non-Detection Zone (NDZ) is reduced. The
complete process of the proposed method is shown in Figure 25. Also Table 1
shows the values of different values of voltages and currents for various
islanding and non-islanding conditions.

5 Conclusion

This research paper presents a novel approach for detecting islanding in
distributed generation. The suggested technique is successful over a wide
range of real power mismatches in which the ROCOF fails to identify
islanding. The reaction time of proposed method is around half-cycle from the
event initiation, revealing swiftness of recommended method in comparison
to ROCOF technique. The most essential conclusion is that the suggested
approach can work even with a 0% real power imbalance., thus decreasing
the non-detectionzone (NDZ) as compared to existing ROCOF method.

Appendix

The following are the ratings for the various elements featured in the sample
system:

• Generator: short-circuit rating = 1000 MVA, f = 50 Hz, rated kV = 120,
Vbase = 120 kV.

• Distributed Generators (DGs):

(i) DG-1, DG-2 and DG-3: Wind farm (9 MW) with six 1.5-MW wind
turbines. For the suggested technique, the doubly-fed induction
generator (DFIG) has been explored.

(ii) DG-4: Diesel Generator, 400 V and 5.0 MW.

• Transformer TR-1: ratings: 50 MVA, f = 50 Hz and rated kV = 120/25
kV, Vbase = 25 kV, X1 = .1 pu, R1 = .00375 pu, Xm = 500 pu and
Rm = 500 pu.

• Transformer TR-2, TR-3, TR-4 and TR-5: ratings: 10 MVA, f = 50
Hz and rated kV = 575 V/25 kV (excluding TR-5: 400V/25 kV),
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Vbase = 25 kV, X1 = .1 pu, R1 = .00375 pu, Xm = 500 pu and
Rm = 500 pu.

• Distribution lines (DL): DL-1, DL-2, DL-3, and DL-4: PI-Section, hav-
ing a length of 20 km each, rated kV = 25, rated MVA = 25 MVA,
Vbase = 25 kV, R1 = 0.413 Ω/km, R0 = 0.1153 Ω/km, L1 = 3.32e-3
H/km, L0 = 1.05e-3 H/km, C1 = 5.01e-09 F/km and C0 = 11.33e-9
F/km.

• Normal loading data:
L1 = 15 MW, 5 MVAr.
L2, L3, L4 and L5 = 8 MW, 3 MVAr.
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