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Due to depletion of conventional fuels and increase in power demand, many
renewable energy sources are being integrated into the electrical grid. One of
the major concerns with this integration of these renewable sources with
utility grid is unintentional islanding. Many techniques have been proposed
to detect unintentional islanding, all of them trying to comply with the IEEE
standard 1547. This paper presents an analysis of the hybrid technique to
detect the islanding condition of the power system with multi-machine
systems. This work aims at analysing the technique against increasing size of
the system with increasing number of distributed generators by including
practical voltage unbalance formula. The validity of this detection technique
is verified using IEEE standard test power systems in MATLAB platform.
This method can be used to identify multiple islanding conditions effectively.
The simulation results show the effectiveness of the technique to detect
islanding condition for multi-machine systems.
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1. INTRODUCTION

The huge penetration of distributed generation (DG), renewable energy applications and the use of
the microgrid concept have changed the shape of conventional electric power syste structure. Most of the
new power system networks are transforming into the DG model integrated with renewable and non-
renewable energy resources by forming a microgrid. A microgrid operates in the grid-connected or stand-
alone mode. It is expected that there will be a great change in the power system configuration due to the
interconnection of DGs at the distribution level. The integration of these DRs can improve the power quality,
reduce peak loads and minimize the necessity of reserve margin. As defined in IEEE standard 1547-2003 [1]
islanding is the condition when a part of an area electric power supply (EPS) is energized purely by the local
supply units in its area, while it is disconnected from the rest of the area EPS. The standard states that
unintentional islanding is nothing but an unplanned islanding condition. According to this standard, the
islanding in which a distributed resource (DR) is a local supply should be detected and the DR should
disconnect from the area EPS within two seconds of its occurrence. The islanding detection in DG systems is
a challenging problem that causes several protection and security problems.

One of the most challenging issues in today’s world is bridging the gap between generation and
consumption rates of electricity. Integrating distributed generators (DGs) with the electrical grid is a major
step being taken to rectify this situation. The DGs improve power quality, reduce the peak loads and so the

Journal homepage: http://ijpeds.iaescore.com


https://creativecommons.org/licenses/by-sa/4.0/

Int J Pow Elec & Dri Syst ISSN: 2088-8694 O 2047

need for a reserve margin is exterminated [2, 3]. But, unintentional islanding of the DG system from the
utility grid is a serious obstacle in its usage. So, many techniques are continuously being introduced for the
detection and disconnection of DG [4-9], that aim to meet the 1547 standard. Out of these, hybrid techniques
are the most popular ones [10, 11] as they are a combination of active and passive techniques, where one
technique overcomes the disadvantages of the other, thus strengthening the overall technique. One such
technique of islanding detection is, a hybrid detection technique using voltage unbalance and frequency set
point [11] that includes the two techniques mentioned in a sequential manner, first the passive technique, then
the active technique. Thus, it reduces the instances of applying a perturbation. The hybrid islanding detection
techniques [12-16] are employed to overcome the short comings of both active and passive techniques, to
detect the islanding of a distribution system with renewable energy sources.

The application of this technique has been done on a system with two DGs. In this work, we have
applied the technique to different systems with different number of buses and DGs to analyse its validity for
bigger systems with increased number of machines. The validity of this detection technique is verified using
IEEE standard test power systems in MATLAB platform. We can see how each of the parameters (voltage
unbalance and frequency) varies as the system changes, if there is a pattern of change, thus proving if the
change in parameter is related to the size of the system. We also check if the technique is valid or successful
to all the systems in consideration. This method can be used to identify multiple islanding
conditions successfully.

In the following sections, we have presented the implementation and results of the work under
sections Il and I1l. The simulation was done by MATLAB script coding. The results show that there is a
relation between the number of DGs and voltage unbalance parameter. It is also seen that the technique is not
valid for all the systems and fails to detect the islanding from a particular size (of the system) onwards. The
observations from the results obtained are discussed under section IV of this paper, followed by section V
which gives the conclusion of the work.

2. METHODOLOGY

This paper uses IEEE standard power systems to demonstrate the effectiveness of the hybrid
islanding technique considered. These results ultimately show the validity of the technique for each of the
standard test systems. The chosen hybrid technique involves observation of voltage unbalance at each of the
DG terminals as the passive technique and frequency perturbation as the active technique. The schematic
block diagram of the hybrid technique is depicted in Figure 1.

In this paper, instead of the standard formula for finding ideal voltage unbalance as given in the
existing literature, this method utilizes the relation for determining the voltage unbalance for practical use as
given in the standardization document IEC 61000-2-12 [17]. The practical values of the voltage unbalance of
DG system is calculated using the expression,
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Figure 1. Schematic block diagram of the hybrid technique
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2.1. Monitoring the parameters

The hybrid technique chosen is classified under the category of local detection techniques. This
means that the observation and analysis of the parameters is done at the terminals of the DGs itself. Here, we
must monitor the voltage unbalance and frequency at the terminals of all the DGs in the system.

2.2. Islanding operation

Islanding is induced by disconnecting the utility at a specified instant of time (say, t=10s). This
means that, after occurrence of islanding [22, 24] the admittance matrix representing the system considered
will be different. So, we must construct the new admittance matrix and then monitor the parameters using the
following equations [18, 20].

IG = YEG (2)
P; = Y[G* (3)
Vt = EG - X[G (4)
2H) — p _p, (5)
E; = Ee's8 (6)

Where, lg is the current through the generator, Y is the reduced admittance matrix, Eg is the
generator voltage, Pg is the generated active power, V. is the terminal voltage of generator, X is the internal
reactance of the generator, H is the inertia of the generator, ® is the rotor speed of the generator, Py is the
mechanical power of the generator, which is initialized as equal to active power and 3 is the load angle [19].

2.3. Application of hybrid technique

This hybrid technique is a sequential grouping of two techniques. First, the passive technique is
applied by measuring the voltage unbalance [21, 23] and if the VU exceeds the threshold, then the active
technique that is frequency perturbation is applied. Then, if the frequency value goes below the frequency
threshold then, it is predicted to be an islanding condition [25, 26].

The VU, at the terminals of all the DGs is monitored continuously using equation (1). Whenever the
threshold condition [11] as expressed in equation (2) is met, then the frequency set point of the DGs is
perturbed. The threshold value (k) for the frequency of the DGs considered is to be 49.2 Hz. Here, the
frequency set point is lowered from 50 Hz (f;) to 49 Hz (fmin) and the DG frequency is monitored for the next
1.5 seconds. If the frequency of the DG goes lower than the frequency threshold, it means that there is no
utility to regulate the system and this state is considered as an islanding condition. In any case, the frequency
set point is changed back to 50 Hz.

The voltage unbalance threshold value is given by the equation as

(=K XVUgyg )

Where ¢ is the threshold for instantaneous voltage unbalance, ~ =35 and VU, is the average voltage
unbalance for the past one second duration. The sequence of the hybrid technique is shown in Figure 2.

3. SIMULATION RESULTS

The islanding detection technique was tested for different standard IEEE bus systems. The IEEE 3,
5 and 14 bus systems contain 2 DGs and IEEE 6 bus system has 3 DGs. The IEEE 30 bus and 118 bus system
contain 6 and 19 DGs respectively. The simulation results for the above systems are reported in this section.
Initially, the systems are under normal operation with the machines connected to the utility. All the machines
operate at 50Hz when the system is connected to the utility grid.

3.1. Systems with 2 machines

The systems with 2 machines will have a 2x2 admittance matrix before the condition of islanding.
But, at the instant of separation from the utility the admittance matrix of the system reduces to 1x1 matrix
due to the loss of utility system. Figure 3 (a), shows the switching action in the 3-bus test system at t= 10 secs
with VU spike of value 2.4%. The frequency plot depicted in Figure 3 (b) shows a dip in the frequency to
47.2 Hz which is below the threshold value. We can observe from Figure 3(c) that the islanding is detected
from the detection plot. This confirms that this switching instant is due to an islanding condition.
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Figure 3. (a). Voltage unbalance at DG terminal,
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The switching action for the 5-bus test system at t= 10 secs and the corresponding frequency plot in
Figure 4(a) shows that the frequency drops to 30 Hz which crosses the threshold value. We can see that the
islanding is detected from the detection plot as in Figure 4(b). Since the conditions are met for detection, the
islanding condition is confirmed.
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Figures 5(a), 5(b) and 5(c) show the VU, frequency and detection plots for the IEEE 14 bus system.
In Figure 5(a), the voltage unbalance shoots up to 11% which is lower than the 5-bus system and then drops
to 8%. The frequency drops to 34 Hz as seen in Figure 5(b) and islanding condition is detected as in
Figure 5(c).
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3.2. System with 3 machines

These systems initially have a 3x3 admittance matrix and after islanding, it reduces to 2x2 matrix.
In this case, IEEE 6-bus system is considered. Figure 6(a) shows the VU plot and 6(b) shows the frequency
variation of the system. As seen from Figure 6(c), the condition of islanding is detected.
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3.3. System with 6 machines

For this system, IEEE 30 bus system is considered for the analysis. Figure 7(a) shows the plot for
VU of the DG terminal. In Figure 7(b), the frequency increases to 53 Hz which does not meet the criteria of
frequency and the islanding is not detected as depicted in Figure 7(c).
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3.4. System with 19 machines

In this case, the technique is evaluated for IEEE 118 bus test system. Figure 8(a) shows the plot for
VU of the DG terminal. In Figure 8(b), the frequency increases to 50.17 Hz and the islanding detection plot
as depicted in Figure 7(c). We can observe from these plot that there is a spike in voltage unbalance at the
instant of islanding, shoots up to a high value, making it an invalid case. The result of the frequency
perturbation is a rise in the frequency of the DG at the instant of islanding. As per the algorithm, detection
fails as the frequency does not dip lower than the threshold frequency.

3.5. System with multiple islanding conditions

In this paper, multiple islanding conditions are also simulated to validate the effectiveness of the
technique. Initially, the grid is disconnected from the system at t = 10 seconds and it is reconnected to the
system at t = 20 seconds. The islanding is again applied at t = 30 seconds for IEEE 3 bus system with 2
machines. The plot in the Figure 9(a) depicts 2 spikes, one at t=10 seconds and at t=20 seconds. The result of
the frequency perturbation is a dip in the frequency of the DG at both the instants of islanding as shown in
Figure 9(b). The values of voltage unbalance and frequency dip are similar to that of the 3-bus system during
single islanding condition. Both the islanding conditions are detected successfully as indicated in Figure 9(c).
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4. DISCUSSIONS

From simulation results we can observe that this hybrid islanding detection technique for DGs is
efficiently applicable for multi-machine system. The effectiveness of the technique is validated for different
standard IEEE test systems. This method can be used to identify multiple islanding conditions successfully.

Once the islanding occurs, the frequency changes depend on factors like inertia of the machine,
mechanical and electrical power. This can be observed in the swing equation and the change in frequency
may be negative or positive. So, the technique fails, as it only utilizes the lower threshold value for
frequency. If the frequency change is positive, it does not have a threshold value for comparison. This can be
observed in IEEE 30-bus and 118-bus system, where the islanding detection fails.

5. CONCLUSION

This paper details an analysis of the hybrid islanding detection technique of DG system for different
multi-machine systems. Different standard IEEE test systems are used to validate the effectiveness of the
technique in MATLAB environment. This hybrid technique is superior to the voltage unbalance or frequency
perturbation technique when applied individually. The frequency perturbation technique is applied only when
the voltage unbalance threshold is met, thus preventing continuous perturbations. Also, we observe that the
technique utilizes the lower threshold value for frequency and if the frequency change is positive this
technique fails to detect the islanding condition. The multiple islanding conditions can be detected effectively
using this hybrid technique.
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