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Abstract--- With the increased popularity of distributed generation (DG) in power systems, issues such as unintentional
islanding should be efficiently resolved. Islanding condition occurs when part of the electrical power system is
disconnected from the rest of the grid and is still energized by a DG unit. Conventional passive islanding detection
approaches utilize the power system parameters such as the change of voltage magnitude, frequency. a novel and
efficient passive islanding detection technique for grid-connected photovoltaic-based inverters is presented. In this
technique, the ripple content of the inverter output voltage at the point of common coupling is monitored for deviations
using time-domain spectral analysis. Islanding is then detected whenever the ripple spectral content exceeds a preset
threshold level for a certain period of time. The performance of this technique was extensively tested and quantified
under a wide range of operating conditions. It was determined that the proposed technique did not exhibit any non-
detection zone and was able to detect all types of islanding cases within 300 ms of the allowed delay time.The
performance of this technique was extensively tested and quantified under a wide range of operating conditions. The
results are presented in this paper using Matlab/simulink).
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ILINTRODUCTION

THE application of distributed generation (DG) in the distribution system to supply electric power for the network and
local load is growing rapidly. Using renewable energy sources such as photovoltaic (PV) generation, wind power, fuel
cell, and microturbine to produce power, the DG brings technical, environmental and economic benefits for utilities and
customers. However, there are also challenges associated, which islanding detection is an important and difficult one.
According to the IEEE Std. 929-2000, islanding is a condition in which a portion of the utility system that contains both
the DG and load continues operating while this portion is electrically separated from the main utility[2].[3]. There are
two types of islanding: intentional islanding and inadvertent islanding. According to the control strategy in advance,
intentional islanding forms in a controlled manner to make good use of the DG and improve the power supply reliability.
This operation mode is not studied in this paper. On the contrary, inadvertent islanding can lead to power quality
problems, serious equipment damage, and even safety hazards to utility operation personnel.

There are several international standards that can be used as guide lines for utilities or independent power
producers (IPP) to design and operate the island system, such as IEEE Std. 1547- 2003, IEEE Std. 929-2000, UL 1741,
IEC 62116, summarizes the standard parameters, such as quality factor, islanding detection time, frequency, and voltage
operation range for these standards. For a satisfactory operation of islanding detection technique, IEEE 1547 standard has
recommended a standard test system frame as shown in Fig3.1. In this test frame, the islanding event can be simulated by
opening the grid circuit breaker (GBRK). The type of load can affect the performance of islanding detection technique.
According to IEEE 1547 test frame, such a load can be modeled as a parallel RLC circuit. This circuit is primarily used,
as it raises more difficulties for the islanding detection techniques compared to other combinations of circuit. Islanding
detection technique commonly uses frequency, voltage, active power, and reactive power parameters as a mean to detect
the islanding event.
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Fig.1 IEEE 1547 test frame for islanding detection.
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The type of loads, affects all of these parameters which in turn affect the performance of islanding detection technique,
as well as their non-detection zones. Several researchers have conducted the research to observe the effects of different
types of loads (static load, dynamic load and composite load) on the performance of islanding detection technique. Static
load model represents the active and reactive power of the load as functions of voltage and frequency. Static load models
can be further divided into three types, namely constant power, constant current and constant impedance loads. Dynamic
load models represent the induction motors loads, whereas composite loads combine both static and dynamic type of
loads to analyze their effect on distribution system[1].

Generally, there are mainly three types of islanding detection methods including communication-based, passive,
and active methods. Active methods not resident in the inverter work similarly to the previous ones, but the action is
taken on the grid side of the PCC. Communications-based methods involve a transmission of data between the inverter
and the grid systems, and the data is used by the PV system to determine when to cease or continue operation. Though
communication-based methods do no harm the power quality of the power system with the negligible non detection zone
(ND2Z), the cost is much higher than the other two types of methods and the operations are more complex as well.
Therefore, passive and active methods have been well developed so far. Over/under frequency protection (OFP/UFP),
over/under voltage protection (OVP/UVP), and phase jump detection are the most widely used passive islanding
detection methods, which determine the islanding condition by measuring the PCC voltage and the current from the DG
In power systems, under normal operating conditions, the amplitude of the PCC voltage is typically constant due to the
stabilizing effect of the grid.[3] However, during islanding, the absence of the grid stabilizing effect may cause the
amplitude of the signal to undergo sudden and sustained fluctuations which can be used to detect islanding. In this paper,
a computationally efficient passive islanding detection technique for DG grid-connected PV systems is presented The
proposed technique is based on monitoring the time domain spectral content of the ripple in the PCC voltage that can be
easily implemented in the inverter circuitry. Islanding is detected whenever the ripple spectral content exceeds a preset
threshold level for a certain period of time. This technique does not have NDZ limitations and is able to detect islanding
even in zero power mismatches where other passive techniques fail to detect. Moreover, the proposed technique detects
islanding within 300 ms and is independent of the DG system size and parameters.

1.1. INVERTER-BASED DISTRIBUTED GENERATION MODEL

In a typical grid-connected PV system, the energy collected by the solar array is directed to the utility side
through a series of electrical devices that condition and convert the DC signal into an AC signal. A single-line diagram
consisting of PV panels, DC-DC boost converter, and a 3-phase inverter connected to the utility grid through a matching
transformer is illustrated in Fig 1. In this model, the PV array is designed to generate a rated power of 100kW under
standard operating conditions (S = I000 W/m? and T = 25°C). The array is connected to the DC-DC boost converter
operating with a duty cycle controlled by a Maximum Power Point Tracker (MPPT).

The main advantage of this algorithm is its fast power tracking process but it might be unstable when the solar
intensity is low due to the low current differentiation. The MPPT algorithm used in this system is based on the
““Incremental Conductance and Integral Regulator”" technique that sets the output voltage for optimal operation. The
boost converter is connected to the 3-phase inverter to convert DC into AC. The AC power output of the inverter is
synchronized with the grid using a Phase Locked Loop (PLL). In this study, the islanding detection technique is
implemented within the PV-based inverter and is designed to de-energize the system[5]
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Fig 2:Single-line diagram of a grid-connected PV system.
Whenever islanding is detected. A series R-L filter with a capacitor bank is used to filter out the harmonics

produced by the high frequency switching in the inverter. At the PCC, the inverter is connected to both the RLC load,
The effect of changing the load quality factor (Qf ) on the detection waveform was also investigated. Qf is de_ned as the
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ratio of the reactive power consumption to the rated power output of the DG inverter. IEEE standards require the
islanding detection technique to be operational with loads having 1<Qf <2.5 at resonant frequency [5].and a step-up
transformer which is connected to the main utility. The utility grid is modeled as a 25 kV equivalent transmission system
fed by a 120-kV infinite bus. To simulate islanding, a circuit breaker on the utility side is turned to the open position. The
MATLAB Simulink model of this grid-connected PV system is depicted in Fig 2.
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Fig 3 Block diagram of grid-connected PV system.

II.LPROPOSED ISLANDING DETECTION TECHNIQUE

A passive islanding detection technique based on monitoring the ripple content in the instantaneous output
voltage of the inverter at the PCC using time-domain spectral analysis is developed. Under steady state conditions, the
output power of the PV inverter has small variations due to high switching frequencies, dead time, and DC link voltage
ripple. These variations are normally absorbed by the grid due to its low impedance and their effect is not observed at the
PCC voltage level. The single-phase voltage Vigang at the PCC level after islanding is mathematically expressed as where
Vgrig i the root mean square (RMS) phase voltage on the utility side of the grid, P;q, is the 3-phase inverter output power,
and P4 is the power consumed by the load. Since Vg and PLoad are considered constants, any power variation in Pj,,
is directly reflected in Vigang - As shown in Fig 4(b), sustained oscillations in Vigang is observed when islanding occurs and
is uniquely different from other disturbances under normal and fault conditions, as illustrated in Fig. 4(a) and 4(c),
respectively[6].

In case of zero power mismatch, the DG source is fully capable of delivering the load demand (Pi,y = PLoad ) In
this case, conventional passive techniques will fail to detect islanding, therefore this is considered the worst case scenario
in this study. For the 3-phase short-circuit case in Fig. (c), the fault was shown to clear within two cycles while for the
islanding case, the voltage flactuations did not diminish but persisted as shown in Fig. 4(b). Based on these observations,
the proposed technique is effectively used to detect islanding by monitoring the ripple content in the Vigang Waveform. A
block diagram of this technique using Simulink is presented in Fig. 5. The DG source is fully capable of delivering the
load demand (Pj, = PLoag )- In this case, conventional passive techniques will fail to detect islanding, therefore this is
considered the worst case scenario in this study. For the 3-phase short-circuit case in Fig. 4(c), the fault was shown to
clear within two cycles while for the islanding case, the voltage fluctuations did not diminish but persisted as shown in
Fig. 4(b). Based on these observations, the proposed technique is effectively used to detect islanding by monitoring the
ripple content in the Vig4,g Waveform. A block diagram of this technique using Simulink is presented in Fig. 5.
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Fig 4. Root mean square (RMS) of single-phase voltage waveforms at PCC. (a) Grid-connected condition. (b)
Islanding condition. (c) 3-phase short-circuit fault condition.

As the ripples in the RMS voltage waveform is first amplified by taking its derivative. The derivative signal is
then passed through an RMS block to determine the ripple content of the amplified waveform and eliminate the DC
component. Three moving average low pass filters ("Mean') blocks are used after each output stage. The first mean block
eliminates any high frequency noise above 60 Hz in the input RMS voltage, while the second eliminates any points of
discontinuity in the output of the derivative block. Finally, the third mean block is used to smooth out the output of the
RMS block. Fig. 6 shows the islanding detection waveform output for the three cases[4],[5].From Fig. 6, it is clear that
there is a sustained difference in the islanding detection waveform before and after islanding.

In the fault scenario, although there is a transient spike in the waveform, it settles down relatively fast.
Therefore, a threshold was used to differentiate between the grid-connected and islanded waveforms. In addition, a time
delay was introduced in the final detection stage to avoid false tripping due to transients caused by non-islanding
scenarios such as faults, load-switching, loss of parallel feeder,
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Fig 5. Block diagram of the proposed islanding detection technique.

The ripples in the RMS voltage waveform are first amplified by taking its derivative. The derivative signal is
then passed through an RMS block to determine the ripple content of the amplified waveform and eliminate the DC
component. Three moving average low pass filters ("Mean') blocks are used after each output stage. The first mean block
eliminates the ripples in the RMS voltage waveform is first amplified by taking its derivative. The derivative signal is
then passed through an RMS block to determine the ripple content of the amplified waveform and eliminate the DC
component. Three moving average lowpass filters ("Mean') blocks are used after each output stage.
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Fig 6. Waveforms of three stages of the islanding detection technique.

I1l.a ISLANDING EVENTS

the islanding detection output waveform and the islanding trigger signal, respectively, for an island with zero
power mismatch. Before islanding, the waveform stayed well below the predefined threshold. However, after islanding,
the Waveform consistently was above the threshold and islanding was detected within 0.3s shown in Fig 7.
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Fig 7.Zero mismatch scenario. (a) Islanding detection waveform. (b) Islanding trigger signal.

I11.b NON-ISLANDING EVENTS

The various possible non-islanding events that can falsely trigger islanding detection are short-circuit faults, loss
of a parallel feeder (LOPF), load switching, capacitor switching, non-linear loads, and starting of large motors. Each of
these non-islanding scenarios have been simulated to verify the accuracy of the proposed technique.
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Fig 8 shows the detection waveforms for several simulated non-islanding events such as short-circuit faults,

LOPF, load switching, and capacitor switching. The fault scenarios were simulated by initializing a short-circuit fault on
a parallel feeder
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FIGURE 8. (a) Load switching. (b) 3ph Fault ,loss of parallel feeder (c) Islanding trigger signal.

CONCLUSION

A passive islanding detection technique for grid connected PV inverters was presented in this paper. The

proposed technique monitors, in time domain, the ripple content of the RMS value of the PCC voltage and detects
islanding when the ripple content is higher than a predefined threshold for a certain period of time. The proposed
technique was thoroughly tested under a variety of possible islanding scenarios. The tested non-islanding scenarios
included 3ph-faults, loss of parallel feeder, load switching, The proposed technique successfully detected islanding for all
cases including the worst case scenario of zero percent power mismatch. The technique was able to detect islanding
within 300ms.Moreover, the technique is computationally inexpensive and can be easily implemented into a PV inverter.
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