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Abstract
In this paper, an overview of the passive methods used for islanding 
detection has been presented. A monitor PLL is used to estimation 
of the voltage amplitude and frequency. Passive inverter resident 
methods discussed are the over/under voltage (OUV), over/
under frequency (OUF), the voltage harmonic monitoring (with 
a study on the effects of the grid impedance value) and the phase 
monitoring. A harmonic synchronization PLL is used to monitor 
the 3rd, 5lh and 7th harmonics of voltage and current.
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I. Introduction
In power systems, islanding is one of the main technical issues for 
small Distributed Generation (DG) systems. Islanding operations 
of DG occurs when power supply from the main grid is interrupted 
due to several reasons but the DG keeps supplying power into 
distribution networks. The grid disconnection is usually in 
response to a fault. Ideally, the fault should be detected by the 
DG protection system and the DG tripped before an island can 
occur. DG grid-connected islanding may occur as a result of the 
following conditions:

A fault that is detected by the grid but which is not detected •	
by the PV inverter or protection devices. 
Accidental disconnection of the normal grid supply by •	
equipment failure. 
Intentional disconnection of the line for servicing. An act of •	
nature (2). Before starting of passive methods it is essential 
to know 

It is necessary to predict the possibility that islanding occurs 
evaluating the probability of line disconnection and of the 
contemporary occurrence of power balance between the PV-
source and the load, In fact, in this case the normal protection 
does not stop the PV-system to energize the Point of Common 
Coupling (PCC). For this case, determination of the index of 
penetration of a photo voltaic system R= Pload/PDG, where Pload 
is the active power absorbed by the load and PDG is the power 
injected by the distributed generation system. The probability of 
islanding proportional to the amount of energy injected by the PV 
system so that unitary R means a high probability of islanding 
phenomenon.
Inadvertent islanding causes a number of safety, commercial, power 
quality, and system integrity problems. Essentially the risks for the 
line workers are tightly dependent by the probability of islanding 
during an unplanned outage and by the time of persistence of the 
electric island [9]. The voltage and frequency provided to other 
customers connected to the island can be out of the grid control, 
yet the grid remains responsible to those customers. Moreover, 
it is possible that grid breakers or circuit re closers reconnect the 
island to the grid system when out of phase with a consequent 
over current and trip-out of the PV-system.
For this reason, islanding detection is necessary to the DG systems. 
So many islanding detection methods are there for islanding 
detection. All methods are divided into four categories: passive 
inverter resident methods, active inverter resident methods, active 

methods not resident in the inverter and methods based on the 
use of communication between the grid and PV inverter. Passive 
inverter resident methods are discussed in this paper. DQ PLL is 
used at the PCC for monitoring the parameters before and after 
islanding condition. Quality factor (q= R  C / L is set to 2.5 
according to IEEE standards 929-2000.

II. Passive Inverter Resident Islanding Detection 
Methods
Before starting of passive methods it is essential to know about 
the non detection zone (NDZ) and quality factor.

A. Non Detection Zone
The Non Detection Zone (NDZ) is the range (in terms of power 
mismatch between the DG inverter and the load or load parameters) 
in which the islanding detection scheme under test fails to detect 
islanding. The NDZ can be used as a performance index to evaluate 
different anti-islanding detection methods. NDZ problem mostly 
occur in passive methods. The aim of all islanding detection 
methods is to reduce the NDZ near to zero (3). Non detection 
is controlled by adjusting the quality factor because it is directly 
proportional to the quality factor.

B. Quality Factor
Quality	factor	is	the	2π	times	the	ratio	of	maximum	storage	energy	
dissipated for cycle at a given frequency. A high ‘Q’ factor may 
impede effectiveness of islanding detection. While the ‘Q’ factor 
directly affected by potential local load inside the island. Quality 
factor is directly proportional to the NDZ, which means that a 
high quality factor would generate larger NDZ hence the smaller 
NDZ is preferred (2).

C. Over/Under Voltage (OUV) and Over/Under Frequency 
(OUF) Method
The grid is subject to numerous disturbances as voltage dips, 
over voltage, harmonic distortion and frequency variations. It 
is necessary to create islanding protection immunes to these 
disturbances. The grid voltage and frequency limits are given in 
Table I: all grid- connected PV inverters are required to have an 
over/under frequency and over/under voltage protections.
Fig. 1 shows the balance of the power in the system
Pload=PDG+	∆P	 	 	 	 	 (1)
Qload=QDG+∆Q		 	 	 	 (2)
If Pload = PDG and /or if Qload = QDG active/reactive power mismatch 
between the PV system and the grid.
The behavior of the system when the grid is disconnected will 
depend	on	∆P	and	∆Q(8).	 If	 the	 resonant	 frequency	of	RLC	
load is the same as grid line frequency the linear load does not 
absorb reactive power. Active power is directly proportional to 
the voltage. After the disconnection of the grid, the active power 
of the load is forced to be the same of the PV system, hence the 
grid voltage change into

     (3)
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Where     (4)

When PDG > PIoad there is an increase of the amplitude of the voltage 
if PDG < Pload there is a decrease of the amplitude (2). Reactive 
power is tied up to the frequency and amplitude of voltage.

           (5)
A	small	∆P	results	in	an	insufficient	change	in	voltage	amplitude	
and	small	∆Q	results	in	a	inadequate	change	in	frequency	said	to	
effectively disconnect the PV and prevent islanding.
This is the low cost option for detection of islanding. Cost 
is extremely important since a 1 kW PV system produces 
approximately $200 per year of energy and installation cost is 
$6000 [10].

D. Voltage Harmonic Monitoring Method
The goal of this method is to monitor the voltage harmonic 
distortion to detect an islanding condition. In normal operation 
the voltage at PCC is controlled by the grid: in islanding condition 
DG controls the PCC voltage and its harmonics. It is possible to 
consider all the harmonics using the Total Harmonic Distortion 
(THD) of the PCC voltage or only the main harmonics: the 3rd, 
5th and 7th. It is possible to use a Phase Looked Loop (PLL) to 
provide the values of the monitored harmonics. It is very hard 
to detect islanding if the grid voltage harmonic distortion is not 
high or low enough such as the THD changes when islanding 
occurs.
The grid voltage harmonic distortion can change in the time 
depending on the grid impedance; moreover the inverter system 
can present an harmonic distortion in DC bus with a consequent 
harmonic distortion generated on the grid side. Generally a PV 
system is connected to the grid through a transformer that can 
affect the harmonic distortion especially in case of Electric Island. 
For this reason it is not always possible to select a trip threshold 
that provides reliable islanding protection.
The NDZ of the harmonic-based methods is strongly tied to the 
load. RLC parallel resonant load present a low pass characteristic 
in	frequency	that	can	filter	low	order	harmonics	more	than	other	
and	influence	the	detection	of	islanding.	In	case	of	a	huge	variation	
of harmonics amplitude, these methods have a small NDZ.

E. Effects of the Grid Impedance and of the Inverter 
De- Voltage Ripple
Harmonic	 distortion	 can	 be	 influenced	 by	 the	 value	 of	 grid	
impedance. The purpose is to determine how the amplitude of 
the voltage harmonics changes as the grid impedance changes. 
Impedance calculated for generic voltage harmonic k is equal 
to

 (6)  
Where Rg  is  the grid  resistance and  Lg  is the  grid inductance.  
Considering  an  RLC  load  in  resonant condition (inductive and 
capacitive reactive powers equal each other) and the PV inverter 
producing no reactive power associated to the grid voltage harmonic 
distortion based on the simulation, the amplitude variations of the 
3rd harmonic as grid impedence varies. 

THD is almost immune to the resistance variation while it is more 
influenced	by	the	inductance	variation.

F. Phase Monitoring Method
The phase angle of utility voltage is very essential information 
for the operation of static VAR compensators, cyclo converters, 
active	 harmonic	 filters	 increasing	 number	 of	 grid	 connected	
power conditioning equipments, such as AC/DC converters, 
Uninterruptable Power Supplies (UPS), series voltage 
compensators and the emerging distributed generation systems 
[6-7]. Unity power factor ensures the perfect transmission of 
generated power without the circulating energy [4].
This method is used in detecting a sudden “jump” in the phase 
displacement between inverter terminal voltage and its output 
current However if a fast PLL is implemented this phase jump is 
negligible since the current will be always in phase with the voltage 
at the inverter terminals. Hence it is proposed to modify the phase 
jump method as described in the following. This new method can 
be	more	correctly	defined	phase	monitoring	method(2).
Under normal operation (inverter producing zero reactive power) 
there is no phase displacement between voltage and current at PV 
system output terminals. The reference Islanding, causes a shift of 
the voltage vector in comparison to the axe d and a consequence 
change of the phase. The detected angle is stored and compared 
with the value measured after a whole multiple of the period of 
the fundamental, hence
∆ϴ=ϴt-ϴt-1 

The phase of the load is calculated by following equation

                   (7)
If islanding occurs with a load resonating at the grid frequency, 
the	phase	does	not	vary	(ϴ=	0),	while	if	the	load	is	resonating	at	
a difference frequency the phase changes. It is possible to set an 
angle	ϴs	of	the	anti	islanding	method.	When	ϴ>	ϴs	is	possible	to	
effectively detect an islanding operation of the DG. The method 
performance is strongly dependent on the reactive elements. This 
method does not affect the output power quality of the inverter 
and does not impact system transient response.
The effectiveness of phase monitoring is not reduced when 
multiple inverters are connected to the island [10].

III. Monitoring and Harmonic Synchronization PLL for 
the Passive Anti Islanding Methods
For Passive methods, it is worth focusing on the synchronization 
device. The phase lock is obtained controlling to zero the sinus 
of the phase difference between the reference and the output 
phases. PLL is a negative feedback system that locks the phase 
or frequency to an input reference signal. The time domain transfer 
function of this PLL system can be derived as

   (7)
Where Kp and T, are the parameters of the PI controller that can 
be derived as follows
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A. DQ PLL
This PLL is manly designed for monitoring the parameters before 
and after islanding condition

Fig. 1: DQ PLL Scheme

Monitoring PLL
This PLL is designed with these constraints.Time for islanding 
detection	complaint	with	the	IEEE	Std.	929-2000	(	≤	2s	).	Good	
estimation	of	fundamental	voltage	with	a	THD	≤	2%	
As a consequence the settling time should be 20 times higher than 
that of PLL used for the controller synchronization. Optimum 
results have been obtained designing the PI controller with Ts 
=0.4 s and 6=0.707.
When the voltage vector is synchronized to the dq rotating frame 
it is possible to estimate frequency and amplitude of the voltage. It 
is	necessary	to	introduce	a	filter	to	extract	the	exact	amplitude	and	
frequency	of	the	PCC	voltage.	It	is	used	a	first	order	Butterworth	
filter	with	a	cut-off	frequency	of	2.5	Hz	to	get	dc	value	out	of	
the signals.

Synchronization PLL
Using multiple frames synchronized with the speeds of the selected 
harmonics it is possible to monitor the selected harmonics present 
in the grid voltage. This harmonic synchronization PLL is designed 
with a PI controller that provides the frequency of the fundamental. 
Fig. 6 shows the monitoring of the 3rd, 5th and 7th harmonics by 
the harmonic synchronization PLL.
Considering the 3rd harmonic synchronization, the new rotating 
frame called d’q’ rotates at the same speed of the selected 
harmonic. The amplitude of each voltage harmonic is obtained by 
the calculation of Vd1 and Vq1 components. It is used a 3rd order 
Butterworth	filter	to	eliminate	the	ripple	and	extract	the	dc	value	of	
the single component. The same operation is repeated for the other 
harmonics. This device is used m the harmonic monitoring method. 
Generally for islanding detection it is necessary monitoring only 
the 3rd, 5th and 7th harmonic.

IV. Simulation Results
The DG power is controlled to be constant with an unity power 
factor. A current controller has been designed to compensate the 
3rd, 5th and 7th harmonics. An anti- windup system has been 
adopted for the controller.

Fig. 2: Scheme of the Monitoring PLL

This method is based on the monitoring of all the harmonics by 
the Total Harmonic Distortion (THD) of the PCC voltage or on the 
monitoring of only the greater harmonics, generally the 3rd , 5th 
and 7th , through the harmonic synchronization PLL. Considering 
a grid model in which the harmonic distortion is very low and 
a PV system that produces only the fundamental voltage at its 
terminals, in the islanding condition the THD does not change, 
during	islanding	transient	the	THD	decreases	significantly	because	
the inverter becomes the only source in the electrical island.

Fig. 3: Scheme of the Harmonic Synchronization PLL With 
Monitoring of 3rd, 5th and 7th Harmonics

   (a)

   (b)

   (c)
Fig. 4: (a). pcc Voltage, (b). Frequency, (c). Voltage Amplitude 
Variations Before and After Islanding.
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   (a)

   (b)

   (c)

   (d)
Fig. 5: (a). THD (b) Third Harmonic (c) Fifth Harmonic (d) Seventh 
Harmonic Amplitude Variations Before and After Islanding

VI. Conclusion
This paper offers an overview of passive anti-islanding detection 
methods for PV grid -connected distribution systems. All the 
methods have been tested according to IEEE Std. 929-2000. in 
this methods we are clearly discriminate between islanding and 
non islanding state. Harmonic monitoring method has been studied 
taking into account the grid impedance, the phase-jump method 
has	been	modified	into	a	phase	monitoring	method.	this	detection	
is also done by THD of current and voltage unbalance.
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