
Chapter 2 

Existing Islanding Detection Schemes 

2.1 Classification 

There are many proposed techniques for detection of an island. They can be broadly 

classified into remote and local techniques [24]. Local techniques can further be 

classified into active and passive techniques as shown in the figure 2.1. 
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Figure 2.1 - Islanding detection techniques 

Remote techniques for detection of islanding are based on communication between 

utility and the DGs and have better reliability than local techniques, they are 

expensive to implement and hence uneconomical. Local techniques rely on the 

information and data at DG site. Passive methods depend on measuring certain system 

parameters and do not interfere with DG operation. Passive techniques are based on 

monitoring voltage magnitude [27], rate of change of frequency [28], phase angle 

displacement [29] or impedance monitoring [26]. If the threshold for permissible 
10 



-

disturbance in these quantities is set to a low value, then nuisance tripping might take 

place and if setting is too high, then islanding may not be detected [20]. In active 

methods, the DG interface control is designed to facilitate islanding detection by 

providing a positive feedback from either frequency or voltage [23]. 

2.2 Remote Techniques 

There are two prominent methods available [24]. One is power line earner 

communication (PLCC) and other one is supervisory control and data acquisition 

network (SCADA) 

2.2.1 Power line carrier communications (PLCC) 

The figure 2.2 shows a PLCC based system [17] where a DG is connected to utility 

grid. 
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Figure 2.2- Use ofPLCC for islanding detection [24] 

In this technique transmitter sends a low energy signal through the line connecting the 

transmitter to the receiver. Once islanding occurs, the receiver stops getting signals 

from transmitter, and the absence of signal from the transmitter is used to indicate 

islanding. 

2.2.2 Supervisory control and data acquisition (SCADA) 

In this technique, the SCAD A systems monitor auxiliary contacts of a circuit breaker. 

When circuit breaker trips, SCADA system identifies this breaker and sends this 

information to a central control station and that may be used to identify islanded area 

and trip the PCCs in the islanded area [ 16]. 
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2.3 Local Techniques 

There are two types oflocal techniques namely active and passive techniques. 

2.3.1 Active techniques 

Introduce disturbance to the DG output for the islanding detection. Some of the 

prominent active techniques will be discussed here. 

2.3.1.1 Detection of islanding by adding perturbations in DG output. 

In this technique perturbations or disturbances are added at regular intervals to the DG 

output voltage [15]. Then voltage and reactive power through PCC is measured. In the 

utility connected mode, these perturbations or disturbances do not cause a significant 

change in the voltage or reactive power export at PCC. If there is a considerable 

change in these measured quantities at PCC that indicates the DG is not connected to 

the utility grid, and hence it can be concluded that islanding has occurred. Flow chart 

for this technique is shown in figure 2.3 [15]. 
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Figure 2.3 -Detection of islanding by adding perturbations 
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2.3.1.2 Active frequency drifts method of islanding prevention 

Here, the DG is interfaced with grid through a power electronic inverter [ 14]. When 

the inverter converts DC input into AC, instead of converting to utility frequency, the 

output current waveform of the inverter has a slightly different frequency than the 

utility supply. Relevant current and voltage waveform are shown in figure 2.4. 
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Figure 2.4 -Active frequency drift for islanding detection 

Here, T1 is the half time period for inverter current output, and T2 is half time period 

of terminal voltage and frequency of the inverter and tz is called dead time. In the non 

islanded or utility connected mode, the terminal voltage and hence T2 is maintained 

by the utility. 

The inverter tries to maintain chopping fraction at a constant value. As soon as 

islanding occurs, assuming a purely a resistive load, voltage at the inverter terminals 

would be in phase with the inverter current output. Since the inverter tries to maintain 

chopping fraction to a constant, it increases the output frequency of the inverter 

current. But voltage still remains in phase with inverter current. So the inverter tries to 

increase the frequency even more. This process continues until frequency crosses the 

permissible window of operation of the inverter. 
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2.3.1.3 Positive feedback technique 

This is one of the most prominent existing islanding detection techniques. In this 

method, a positive feedback ofvoltage and frequency is given to the DG [19]. As long 

as DG is connected part of the grid or the micro-grid (MG) is connected to the utility 

grid, the frequency and voltage of the MG will stay at nominal level. However, as 

soon as utility supply is disconnected due to faulty conditions the positive feedback 

which applied to the DG would push the MG frequency and voltage beyond the 

permissible window of operation of the interfacing inverters and as a result they will 

shut down. Even though, this technique works, it has some drawbacks. That is; if there 

are several DGs connected to the utility, they may push the voltage and frequency 

error higher due to positive feedback and could destabilize the utility grid. Another 

draw back is that it makes it impossible for an island to have autonomous operation. 

Hence, in the event of a utility power outage, any consumers connected to that island 

will go without power. 

2.3.1.4 Sandia frequency shift (SFS) 

This is a modification of active frequency drift which was explained in (2.3 .1.2) and 

shown in figure 2.5. In the active frequency drift technique the chopping fraction ( cf) 

is a constant. However, in SFS technique the cf is made a function of error in the line 

frequency [ 19]. 
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Figure 2.5 - Sandia frequency shift method of islanding detection 
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cj= cfo + K (fa -fline) .................................... (1) 

Where, 

cj = chopping fraction 

cfo = chopping fraction set for utility connected operation mode 

K = a constant to accelerate the process 

fa = frequency of the voltage at the inverter terminals 

fline = frequency of the utility supply= a constant 

When the inverters connected to the utility grid, the utility maintains the frequency at 

50 Hz. So, fa - fline is approximately zero. Therefore cf is a small value and the 

frequency of the inverter current is close to the utility frequency. But when utility is 

disconnected even though fline remains at 50 Hz, fa changes because the inverter 

frequency is slightly different from the utility frequency. According to the equation ( 1) 

this error is pushed higher and higher. At last the frequency crosses the permissible 

window of operation of the inverter and the inverter is shutdown. 

The table 2.1 shows the set trip points for this technique. 

Set point for the frequency Time before switching off (cycles) 

53 Hz 0.5 
50.5 Hz 5 
<49.5 5 
<47Hz 0.5 

Table 2.1 - Tripping time setting for different frequencies 

2.3.1.5 Sandia voltage shift (SVS) 

The principle of this method is similar to that of SFS method. The inverter increases 

the amplitude of its current output for an increase in the voltage atthe terminals of the 

inverter and vise versa. This will cause a higher voltage error [19]. This does not 

happen in the utility connected mode but as soon as islanding occurs, the voltage error 
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is pushed higher until the permissible window of operation is crossed. Then the 

inverter shuts down. Set points for the tripping are shown in table 2.2. 

Set point for the voltage Time before switching off( cycles) 

> 145 v 1 

> 132 v 100 

< llOV 100 

<60V 5 

<30V 1 

Table 2.2 - Tripping time setting for different voltages 

2.3.2 Passive techniques 

The passive techniques detect abnormalities related to the islanding conditions. 

2.3.2.1 Loss of mains detection by system impedance monitoring 

In this technique a sudden spike in the equivalent impedance of the system is used to 

detect islanding as shown in figure 2.6. 
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Figure 2.6- System setup for islanding detection by impedance monitoring 
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In this method [26] a high frequency signal of a few kHz is injected into the system. 

When the utility side circuit breaker is in closed position, the impedance between 

points A and B consist of impedances Z 1, Z4 and Z2 in parallel. This impedance is 

low and hence the voltage across high pass (HP) filter is low. Once the CB at the 

ut\l\t'! <s\d\! G\)\!t\S th\! \!(\u\vaknt \rrwe<iance between A and B \.s m\.sed to the value of 

Z4 in parallel with Z2. This increase in impedance causes an increase in the voltage 

across the HP filter. This sudden increase in voltage across the HP filter is used to 

indicate islanding conditions. Main drawback of this system is that a big load 

switching could be mistaken for islanding. 

2.3.2.2 Detection of voltage magnitude and frequency 

It is given that as an official guideline for islanding detection in Japan, a deviation of 

voltage and frequency outside the permissible window of operation can be used as a 

criterion for islanding detection [27]. 

2.3.2.3 Rate of change of frequency 

In this technique [28], a relay is set such that if the rate of change of frequency is 

higher than a preset value, the relay trips. Here, the set point for maximum permissible 

rate of change frequency is a critical value. It should be selected such that the change 

in frequency during normal utility connected operation does not cause a false tripping 

but an islanding should cause the relay to trip. However, trip setting for the relay 

depends on the size of the DG installed. 

2.3.2.4 Islanding detection by monitoring phase displacement 

In this method [29], output voltage of the DG is monitored for a sudden change in 

phase. At the instant of islanding, the output current of the DG suddenly changes. This 

causes a jump in phase of the DG output voltage due to a change in the voltage drop 

across the synchronous reactance of the DG. The maximum permissible shift in phase 

is selected in such a way that normal load switching does not cause a false tripping but 

islanding is detected. 
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2.3.2.5 Voltage unbalances (VU) and total harmonic distortion technique (THD) 

In this technique [22] the VU at the DG terminals and THD of the DG current are 

monitored and used for islanding detection. VU at DG terminals is defined as follows. 

- v2 Voltage unbalance (VU) - - x 100 ...................................................... (2) 
~ 

Where, ~ and V2 are the positive and negative sequence components of the DG output 

voltage, respectively. This technique exploits the facts that any change in DG loading 

causes a spike in the THD and VU of the DG. Any significant spike in either of these 

monitored quantities is used to send a trip signal to the CB at PCC, which connects the 

MG to the utility grid. The drawback of this technique is that a load switching can 

cause a spike in these quantities even if the DG is connected to the utility grid, and as 

a result, a false tripping of the CB at PCC could occur. A more detailed explanation of 

the algorithm used in this technique is given below. 

2.3.2.6 Voltage unbalances (VU) 

The average value of VU over one cycle is given by 

1 N-1 

vuavg,t =- Ivut_, ............................................................... (3) 
N i=O 

The variation in VU is given by 

VU avg ,s - VU avg ,t 
f..VUt = X 100 .................................................. (4) 

vuavg,s 

Where, N is the number of samples taken per cycle 

t is the monitoring time 

VUavg,s is the reference value ofVU. 
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This value is initially set to the VU under steady state conditions. If f..VU 1 remams 

within- 100% and 50% for one cycle, then VU avg,s is updated by VU avg,t. This means 

that vu avg ,s is updated only if the variation in vu is small. 

2.3.2.7 Total harmonic distortion (THD) in current 

H 

~"'II~ 
THD= h=

2 
X 100 ..................................... ·· ··· ··· ······· ···· ··· (5) 

II 

Where, I
1 

is the RMS value ofthe fundamental component of current, Ih is the RMS 

value of the h1
h harmonic component of the current. 

The average value of THD over one cycle is given by 

1 N-1 

THDavg,t =-LTHD
1

_
1 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• (6) 
N l=o 

The variation in THD is given by 

THDavg,s- THDavg,t 
f..THDI = X 1 00 ............................................ (7) 

THDavg,s 

Where, N is the number of samples taken per cycle and t is the monitoring 

time. THDavg,s is the reference value ofTHD. 

This value is initially set to the THD under steady state conditions. If f..THD 1 remams 

within -10Q% and 75% for one cycle, then THDavg,s is update~ by THDavg,t .This 

means that THDavg,s is updated only if the variation in THD is small. 
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The simplified algorithm for VU/THD scheme is as follows. 
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Figure 2.7- Simplified algorithm for VU/THD scheme 

The algorithm proposed above uses two rules to make the tripping decision. 

Rule 1: f..THD
1 
> 75% or f..THD

1 
<-1 00% 

Rule 2: f..VU1 >50% or f..VU
1 
<-100%. 
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