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Abstract: The islanding of grid-connected photovoltaic (PV) installations is a difficult problem that leads to many 

protection and security problems. A variety of islanding detection methods (IDMs) are proposed in several studies and 

these techniques are categorized into passive, active and communication based methods. This study describes the IDM 

adopted to detect islanding situation in the new PV installation connected to LVs grid of OCP Group (Cherifian Office 

for Phosphates in Morocco), global leader in the phosphate and phosphate derivatives markets. After having defined 

the way in which the PV generators will be integrated within the OCP Group grid, the causes that could lead to 

islanding situation are established. The comparison on the most used methods for islanding detection in the grid 

connected photovoltaic system (PV) is based on three parameters: the Non-Detection Zone (NDZ), the Detection 

Duration Time (DDT) and Total Harmonic Distortion (THD) of each method. These performance criteria are compared 

with the limit thresholds authorized by the IEEE 1574 standard, which are 5% for THD and 2 seconds for DDT. The 

Slip Mode Frequency Shift (SMS) method is demonstrated to be the most effective, for our installation, among the 

simulated methods, with THD and DDT of 1.3% and 0.28s, respectively. 

Keywords: Islanding detection, Photovoltaic installation, Non-detection zone, Total harmonic distortion. 

 

 

1. Introduction 

More than seventeen Tera-watt-hour (TWh) is 

currently considered to be the total energy 

consumption in the world at any given point in time 

(Fig. 1), and it is expected to be twice as high by 2050 

[1]. 

Since the demand is getting increasingly high, all 

kinds of energy are to be quickly increased in the 

coming years, for instance, solar photovoltaic (PV) 
 

 

Figure. 1 Evolution of world energy consumption (TWh) 
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systems may generate up to 16% of the world's 

electricity by 2050 [1]. 

One of the main concerns of grid-connected 

photovoltaic installations is islanding detection [2]. 

This phenomenon is enforced by grid inter-

connection standards such as IEEE 1547 [3], UL1741 

[4], IEEE 929-2000 [5]. 

1.1 Concept of islanding, causes and con-

sequences  

According to the standards cited above [3-5], 

islanding is “a condition in which a portion of the 

electrical network comprising production means and 

loads is disconnected from the main network 

(separated from the upstream network) and the loads 

of this island are entirely supplied by the generators 

of the same island”. 

It is noted that the notion of island is associated 

with duration. The rules which define the operation 

of a PV installation consider that an islanding 

situation is defined as such as soon as the PV inverter 

detects operation in a separate network for a certain 

time (5 seconds according to DIN VDE 0126-1-1 [6], 

2 seconds according to IEC 62116 [6]. Beyond this 

duration, the inverter must disconnect from the main 

grid. 

Several configurations are theoretically possible 

depending on the size of the network or the electrical 

installation being separated from the upstream 

network (Fig. 2) [6]: 

Islanding of a building: would occur in the event 

that a building is separated from the Low-Voltage 

(LV) or Medium-Voltage (MV) network, following 

for example the opening of the connection circuit 

breaker, and where a PV installation continues to 

supply the loads of this building. 

Islanding of a LV departure: would occur in the 

event that a LV feeder would be separated from the 

MV network, for example following the removal of 

the HPC fuses to protect the LV feeder, and where 

one or more PV installations would continue to 

supply the connected loads on this LV departure. 

Islanding of an MV departure: would occur in 

the event that an MV is separated from the High-

Voltage (HV) network, following for example the 

opening of the MV protection circuit breaker, and 

where one or more PV installations continue to 

supply the connected loads on this MV departure. 

Unintentional islanding can have various 

consequences [7-8]: 

• During maintenance periods, it could com-

promise the safety of personnel working on site if the 

rules for verifying the absence of voltage in the 

conductors and earthing were not strictly observed; 

 
Figure. 2 Different network sizes that can be separated 

from the upstream network and be in islanding situation 

• Since the voltage and frequency in the island are 

no longer controlled by the network operators, they 

can go outside regulatory limits and cause damage to 

the electrical installations present in this island; 

• It can also disturb the restocking of the island 

when the upstream network is put back into service 

(a phase difference between the upstream and 

downstream voltages could in particular generate 

high currents).  

1.2 Context and goal of the present work 

As part of a project within OCP Group Morocco, 

world leader in the phosphate industry, we were led 

to study the feasibility and the impact of PV system 

integration within the electrical network of 

MOROCCO PHOSPHORE (MP) entity of OCP in 

order to power new restaurant and to increase the 

lighting rate in the MP entity. 

The energy balance for the production and 

consumption of MP entity is shown in Fig. 3. 

From the energy balance, it can be concluded that 

in recent years, MOROCCO PHOSPHORE (MP) 

entity has become deficit in terms of energy, and in 

terms of cost the energy bill is quite high. 

 

 
Figure. 3 Net electrical energy balance of MOROCCO 

PHOSPHORE (MP) entity 
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For the reasons mentioned above, we were asked 

to study the feasibility of supplying the new load 

using solar energy. 

As part of the project, the aim of this work is to 

study the islanding situation of the PV generators to 

be integrated to LV network of OCP and present the 

solution adopted for the detection of this 

phenomenon. 

In order to successfully accomplish this mission, 

we have proceeded as follows: A classification of all 

island detection methods, into passive, active and 

communication based methods is done and then the 

way in which the PV generators will be integrated to 

the network of OCP group is defined in order to 

establish the causes that could lead to such situation. 

A comparative study on the most used methods for 

islanding detection in the grid connected photovoltaic 

system (PV), based on the Detection Duration Time 

(DDT), the Non-Detection Zone (NDZ) and Total 

Harmonic Distortion (THD) of each method, is 

provided. A mathematical calculation of ZND of 

passive and active methods is also detailed in this 

paper. Then the solution adopted for the detection of 

this problem to protect our installation is presented. 

The proposed approach was examined and tested 

by numerical simulation using Matlab / Simulink. 

2. Grid connected photovoltaic islanding 

detection review 

According to IEEE 929-1988 [9] and IEEE 1547-

2003 [10] standards, the photovoltaic system must be 

disconnected once it is islanded with maximum delay 

of 2 seconds for detection of an unintentional island. 

A variety of islanding methods are proposed in 

several studies [11-15] and these techniques are 

categorized into three classifications: passive 

methods, active methods and communication based 

methods [16]. 

2.1 Passive methods 

Those methods are built on tracking the grid 

parameters by detecting abnormal changes in 

frequency, voltage or phase angle and, in some 

specific harmonics, the total harmonic distortion 

(THD) [17-19]. The inverter will trip if there is a 

large or sudden change of these variables at a point of 

connection with the utility grid PCC (Point of 

Common Coupling) as described in the flow chart 

laid out in Fig. 4. 

The limits of the voltage, frequency and THD 

according to IEEE 1547 are given in Table 1.  

 
Figure. 4 Flow chart of the passive methods based on 

voltage and frequency measurement 

 

Table 1. Parameters and limits used in the passive 

methods [17] 
 

Disconnection time for voltage variations 

V < 50 0.16 s 

50 ≤ V < 88 2.00 s 

110 < V < 120  1.00 s 

V ≥ 120  0.16 s 

Disconnection time for frequency variations 

59.3 < f < 60.5 0.16s 

Power Quality 

Total harmonic distortion                                      THD (%)<5% 

Islanding detection 

Inverter must shut down in less than 2 seconds under 

islanding conditions 

2.2 Communication based methods 

The main communication based methods are: 

Transfer Trip scheme and Power Line Carrier based 

detection [20-21]. The first method is built on the 

ratio of the condition of the circuit breakers at the 

utility grid to the PV control system [20]. The second 

one is communication-based method in which the 

basic operation consists of sending a low-energy 

signal between the transmitters installed on the utility 

side and receiver installed on the PV side [21]. When 

islanding happens, the power and signal are 

concurrently disconnected from the grid as described 

in the chart flow laid out in Fig. 5. 

These islanding detection methods have no NDZ. 

However, the communication equipment required for 

these methods is unprofitable as they are quite costly 

for the small PV plant.  
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Figure. 5 Flow chart of communication methods 

2.3 Active methods 

The active methods are built on injecting a small 

disruption into the utility grid and, depending on the 

grid response, decide whether an island has occurred 

or not. The Active Frequency Drift (AFD) method, 

the Sandia Frequency Shift (SFS) method and the 

Slip Mode Frequency Shift (SMS) method are the 

most common active methods used [22-23]. The flow 

chart of this type of methods used for the islanding 

detection of the grid PV connected is given in Fig. 6. 

3. Mathematical calculation of non detection 

zone 

NDZ is considered as the main performance 

factor that characterizes the operational capability of 

an IDM. It corresponds to the area for which 

islanding cannot be detected by the protection of an 

inverter without a specific control function or 

detection algorithm [6].  

As the communication based method is 

unprofitable and quite costly for the new installation 

(small PV plant), this section is a mathematical 

calculation of the NDZ of the passive methods and 

the active ones. 

The simulated system is presented in Fig. 7. It is 

composed of: 

• a PV module, 

• an inverter connected to PCC and works in 

the current control mode, 

• a parallel RLC load,  

• an utility grid provides the voltage and the 

frequency references.  

 
Figure. 6 Flow chart of the active islanding detection 

methods 

 
Figure. 7 Principal components of the simulated system 

 

3.1 NDZ of passive methods in ΔP and ΔQ space 

The NDZ of the passive methods depends on the 

values of Load quality factor Qf, the active and 

reactive power disbalance (ΔP, ΔQ) between the PV 

generation and the load demand. It can be expressed 

as follows [24]: 

 

𝑄𝑓 × (1 − (
𝑓

𝑓𝑚𝑖𝑛
)
2
) ≤

∆𝑄

𝑃
≤ 𝑄𝑓 × (1 − (

𝑓

𝑓𝑚𝑎𝑥
)
2
)(1) 

 

(
𝑉

𝑉𝑚𝑎𝑥
)
2
− 1 ≤

∆𝑃

𝑃
≤ (

𝑉

𝑉𝑚𝑖𝑛
)
2
− 1            (2) 

 

Where P is the rated active power of the PV and 
(𝑓𝑚𝑎𝑥𝑚𝑖𝑛)are the under/over frequency threshold. 

Based on IEEE 1741 Standard:  

 

Vmax = 110%× Vn  , fmax = 60.5 Hz 

Vmin = 88%× Vn , fmin = 59.3 Hz 
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For an RLC load with 𝑄𝑓 = 2.5: 

 

17.36% ≤
𝛥𝑃

𝑃
≤ 29.13% and − 5.94% ≤

𝛥𝑄

𝑃
≤ 4.11% 

 

That means a large non detection zone NDZ. 

Moreover, The NDZ area of passive IDMs is 

sensitive to the value of 𝑄𝑓. However their main 

advantage is that they do not affect the power quality. 

3.2 NDZ of the active methods in 𝑸𝒇and 𝒇𝟎space 

It can be concluded, from Section 3.1, the NDZ 

area depends on the value of quality factor. Mapping 

the NDZ in the 𝑄𝑓 and 𝑓0 (resonance frequency of the 

load) space could be the best way to compare 

between different NDZ methods [6]. 

The phase angle of the load is equal to the phase 

angle of the inverter current when the final steady 

state frequency occurs: 

 

𝜃𝑙𝑜𝑎𝑑(𝑓) = 𝜃𝑖𝑛𝑣(𝑓)                        (3) 

 

For a parallel RLC Load: 

 

        θload(f) = tan-1 (R (
1

ωL
-ωC))          (4) 

 

This can be expressed as: 

 

            θload(f) = tan-1 [Qf (
f0

f
-

f

f0
)]         (5) 

          with: 𝜔0 =
1

√𝐿𝐶
= 2𝜋𝑓0 

 

This can be simplified by taking the tangent of 

both sides as follow in the steady state:  

 

       f0
2 +

f

Qf
tan(θinv(f)) f0-f

2 = 0           (6) 

 

The calculation of NDZ is done by setting the 

islanding frequency 𝑓 to the frequency threshold 

(𝑓𝑚𝑖𝑛, 𝑓𝑚𝑎𝑥)and then, the 𝑓0  can be calculated as 

follows [6]:  

 

𝑓0 =

𝑓

2𝑄𝑓
(√𝑡𝑎𝑛(𝜃𝑖𝑛𝑣(𝑓))

2
+ 4𝑄𝑓

2 −𝑡𝑎𝑛(𝜃𝑖𝑛𝑣(𝑓)))     (7) 

3.2.1. NDZ of AFD method 

In this method [25]:  

 

              𝜃𝑖𝑛𝑣(𝑓) = 𝜃𝑙𝑜𝑎𝑑(𝑓) = 𝜃𝐴𝐹𝐷 = 𝜋𝑡𝑧𝑓 =

                           𝜋𝑓 [
1

𝑓
−

1

𝑓+𝛿𝑓
] =

𝜋 𝛿𝑓

𝑓+𝛿𝑓
                     (8) 

 

Where tz is the dead time of the AFD method and 𝛿𝑓 

is the AFD frequency perturbation. The non-

detection zone is obtained in ( 𝑓0, 𝑄𝑓 ) space for 

different value of 𝛿𝑓. 

( 𝑓0,𝑚𝑖𝑛, 𝑓0,𝑚𝑎𝑥 ) of this method is calculated as 

follows: 

 

𝑓0,𝑚𝑎𝑥 =
𝑓𝑚𝑎𝑥

2𝑄𝑓
[

− tan (
𝜋𝛿𝑓

𝑓𝑚𝑎𝑥+𝛿𝑓
) +

√tan2 (
𝜋𝛿𝑓

𝑓𝑚𝑎𝑥+𝛿𝑓
) + 4𝑄𝑓

2
]           

 

𝑓0,𝑚𝑖𝑛 =
𝑓𝑚𝑖𝑛

2𝑄𝑓
[

− tan (
𝜋𝛿𝑓

𝑓𝑚𝑖𝑛+𝛿𝑓
) +

√tan2 (
𝜋𝛿𝑓

𝑓𝑚𝑖𝑛+𝛿𝑓
) + 4𝑄𝑓

2
]      (9) 

 

3.2.2. NDZ of SFS method 

In this method [26]:  
 

𝜃𝑖𝑛𝑣(𝑓) = 𝜃𝑙𝑜𝑎𝑑(𝑓) = 𝜃𝑆𝐹𝑆 

=
𝜔𝑡𝑧
2

= 𝜋𝑓𝑡𝑧 =
𝜋𝐶𝑓

2
 

=
𝜋

2
[𝐶𝑓0 + 𝐾(𝑓𝑛 − 𝑓)]                (10) 

 

Where K is the acceleration gain, 𝐶𝑓0 is the chopping 

factor when there is no frequency error and (𝑓𝑛 − 𝑓) 

is the difference between the estimated frequency and 

nominal value.  

(𝑓0,𝑚𝑖𝑛, 𝑓0,𝑚𝑎𝑥) is calculated as follows: 

 

𝑓0,𝑚𝑎𝑥 = 

𝑓𝑚𝑎𝑥

2𝑄𝑓
[

− tan (
𝜋

2
[𝐶𝑓0 + 𝐾(𝑓𝑛 − 𝑓𝑚𝑎𝑥)]) +

√tan2(
𝜋

2
[𝐶𝑓0 + 𝐾(𝑓𝑛 − 𝑓𝑚𝑎𝑥)]) + 4𝑄𝑓

2
] 

 

𝑓0,𝑚𝑖𝑛 =

𝑓𝑚𝑖𝑛

2𝑄𝑓
[

− tan (
𝜋

2
[𝐶𝑓0 + 𝐾(𝑓𝑛 − 𝑓𝑚𝑖𝑛)]) +

√tan2(
𝜋

2
[𝐶𝑓0 + 𝐾(𝑓𝑛 − 𝑓𝑚𝑖𝑛)]) + 4𝑄𝑓

2
](11) 

3.2.3. NDZ of SMS method 

In this method [27]:  
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𝜃𝑖𝑛𝑣(𝑓) = 

𝜃𝑙𝑜𝑎𝑑(𝑓) = 𝜃𝑆𝑀𝑆 = 𝜃𝑚 𝑠𝑖𝑛 [
𝜋

2
×

𝑓−𝑓𝑛

𝑓𝑚
]      (12) 

 

θm is the maximum phase shift, 𝑓𝑚 is the frequency at 

which the maximum phase shift occurs, f is the 

system operating frequency, and 𝑓𝑛  is the utility 

normal operating frequency of 50 Hz. The non-

detection zone is obtained in (𝑓0, 𝑄𝑓)  space 

for𝑓𝑚value of 3 and different value of θm.  

(𝑓0,𝑚𝑖𝑛, 𝑓0,𝑚𝑎𝑥) is calculated as follows: 

 

𝑓0,𝑚𝑎𝑥

=
𝑓𝑚𝑎𝑥

2𝑄𝑓

[
 
 
 
 − tan (𝜃𝑚 sin [

𝜋

2
×

𝑓𝑚𝑎𝑥 − 𝑓𝑛
𝑓𝑚

]) +

√tan2 (𝜃𝑚 sin [
𝜋

2
×

𝑓𝑚𝑎𝑥 − 𝑓𝑛
𝑓𝑚

]) + 4𝑄𝑓
2

]
 
 
 
 

 

 

𝑓0,𝑚𝑖𝑛

=
𝑓𝑚𝑖𝑛

2𝑄𝑓

[
 
 
 
 − tan (𝜃𝑚 sin [

𝜋

2
×

𝑓𝑚𝑖𝑛 − 𝑓𝑛
𝑓𝑚

]) +

√tan2 (𝜃𝑚 sin [
𝜋

2
×

𝑓𝑚𝑖𝑛 − 𝑓𝑛
𝑓𝑚

]) + 4𝑄𝑓
2

]
 
 
 
 

 

      (13) 

 

4. Integration of a new PV installation in 

electrical network of OCP Group  

4.1 Description of the plant and location of the 

New PV Installation 

As our photovoltaic installation is to be connected 

to a three-phase low voltage 230 / 400V network to 

supply the new loads and inject the surplus, it is 

essential to define its location within the internal 

network of the thermal power plant and the Bus-Bar 

through which it will be connected to the network. 

Since the 10/0.4 kV transformers have the capacity to 

support the new loads, it is proposed to integrate the 

PV system as shown in   Fig. 8. 

The plant of MOROCCO PHOSPHORE (MP) 

entity is connected to the internal high-voltage 60kV 

electrical network, which is connected to the ONEE 

(National Office of Electricity and Drinking Water in 

MOROCCO) national network via the ONEE1 and 

ONEE2 stations (Fig. 8). It has three Turbo-

Generator Groups (TGGs) to produce enough energy 

to meet the plant’s consumption and to ensure its 

energy autonomy when operating in islanding mode 

(disconnected from the ONEE national network). 

The 60 kV Bus-Bars supply the three main 10 kV 

switchboards and another emergency switchboard 

which has the role of backing up one of the other 

switchboards if a problem occurs. 

The PV installation will be connected to the 

network through the two transformers 23EC23 and 

23EC24. These transformers are supplied by 

switchboard 23EM15. 

The connection of the Photovoltaic Groups 

(PVGs) to the network will be ensured by the use of 

a Bus-Tie Breaker (BTB_PV) (Fig. 8). 

4.2 Operating modes of the thermal power plant 

and the PVGs 

4.2.1. Mode 1: Normal operation of the thermal power 

plant 

This operating mode is characterized by the 

presence of the three electric power sources: the 

ONEE grid, the three TGGs and the PV generators 

PVGs (Fig. 9a). The PV generator feeds the new 

loads and in case of surplus, it injects it into the Bus-

Bar of the switchboard MV23EM15, and in the event 

of a deficit the three TGGs will ensure the continuity 

of the supply of these loads, provided that these 

TGGs are in surplus, if this is not the case it is the 

ONEE network which will ensure the continuity of 

energy supply necessary for all the loads. 

4.2.2. Mode 2: Islanding of the thermal power plant 

(case of excess installation) 

As for this operating mode (Fig. 9b), following 

disturbances from the ONEE network and which may 

cause risks for the equipment, the thermal power 

plant is isolated from the ONEE network. In this case 

one of the three TGGs of the central unit will take the 

relief to adjust the frequency (Master) and the other 

two TGGs will be slaves, as they will follow the 

orders of the master TGG and will consider it as the 

new reference instead of the ONEE network. As for 

the photovoltaic generator too, it will consider the 

master TGG as a reference and therefore it continues 

to supply its loads in a normal way and injects the 

surplus into the Bus-Bar concerned. The method used 

to detect islanding conditions, for this operating 

mode, consists in measuring the voltage using two 

MIC9 relays of the P923 AREVA type installed at 

ONEE1 and ONEE2, and comparing it to a 

predefined threshold to determine whether the system 

is in a islanding situation or not; if the voltage 

measured at the two arrivals drops by 80% or exceeds 

110% of the nominal voltage, then the coupling 

circuit breaker opens, which causes islanding of the 

thermal power plant and the PV installation from the  
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Figure. 8 Single-line electrical diagram of the PV system integration zone in the thermal power plant of MOROCCO 

PHOSPHORE entity 

ONEE electrical network.  

4.2.3. Mode 3: Islanding of the thermal power station 

(case of loss-making installation) 

The causes leading to this type of operation are 

similar to those of mode 2 (Fig. 9c), but the difference 

is that in this mode the power plant is energy deficient, 

and therefore a load shedding procedure will take 

place in order to ensure the balance of all the 

installation. 

The purpose of load shedding is to voluntarily 

stop supplying one or more non-critical (non-

priority) loads, in order to restore the balance 

between energy production and consumption. It is a 

safeguard measure intended to avoid the risks of 

collapse in voltage or frequency which could cause 

the tripping of the Turbo-Alternator and the total 

shutdown of the installation (blackout).  

The load shedding is done such that the loads are 

relieved according to notches; the thing that avoids 

the cut of a number of consumers more than 

necessary. However, the load shedding procedure is 

ensured by a digital load shedding relay MICOM 

P922 which monitors the frequency of the TGGs: 

Once the frequency is less than 49Hz, it gives the load 

shedding order to a notch for a well-defined time 

delay. If this condition persists, it gives the order to 

shed the next notch and so on. Among the 

switchboards that will be unloaded, there is MT 23 

EM 15. 

4.2.4. Mode 4: Total triggering of the complex 

It can also be called: Blackout situation, it is defined 

by the absence of the three TGGs and the ONEE 

network (Fig. 9d). Following a disturbance at the 

level of the ONEE network, the complex is spinning 

up, but due to the lack of steam, the consumption of 

loads exceeds production; which causes the load 

shedding, but when the load shedding reaches its 

maximum then the TGGs trigger and therefore the 
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Figure. 9 Operating modes of the thermal power plant and the PVGs

blackout situation appears and the starting of the 

generator sets will be necessary in order to supply the 

most critical loads (lighting, chargers, tackers TGGs, 

signage, etc.). 

4.2.5. Mode 5: Powering of the complex by ONEE 

This operating mode is characterized by the 

absence of the three TGGs, and it is the ONEE 

network alone which ensures the supply of the 

complex and of the loads supplied by the PV 

generator in the event of a deficit of the latter (Fig. 

9e). For example, the restoration of the complex's 

power supply after the blackout is done by going 

through this operating mode. 

5. PV installation islanding and the proposed 

solution 

5.1 Islanding of the new PV system  

The photovoltaic installation can be affected by 

the operating modes of the thermal power plant of 

MP entity, because in certain modes, the PV 

installation is unintentionally isolated from the 

electrical network, which requires the provision of a 
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system that will have the ability to detect this 

situation in the shortest possible time. Here are the 

cases in which the photovoltaic installation can be in 

islanding situation: 

Blackout: Only the photovoltaic generators 

continue to supply their load but the problem is that 

such a situation is dangerous in case of excess 

installation. 

Load shedding of the switchboard MV23EM15: It 

is linked to operation in Mode 3; in fact the shedding 

of this switchboard leads to cut the supply to the Bus-

Bar connected to the new PV system. 

Disturbances in the internal network of the 

thermal power plant: The islanding caused in this 

case is due to tripping of the circuit breakers by the 

protection devices (protection relays, etc.), when an 

internal fault occurs in the network power plant, in 

most cases it is: 

• Short circuit or broken cables; 

• Electric overload; 

• Faults in transformers: overload, internal short-

circuit, tank mass, etc. 

All these faults are controlled by protection relays 

which act on the circuit breakers by opening the latter 

in order to eliminate these faults, which can put the 

new installation in an islanding situation. 

5.2 Adopted method for PV system islanding 

detection integrated in OCP grid  

The photovoltaic installation must have an 

efficient system to detect the islanding situation 

caused by tripping of one of the circuit breakers 

concerned and to stop supplying the lines as soon as 

possible. 

The passive and active methods are of an 

affordable cost for islanding detection of the new PV 

installation compared to communication based 

method. Furthermore, the passive methods have a 

large non detection zone for larger values of Qf. Thus, 

islanding situation for our new installation should be 

detected by one of the active methods. 

In order to provide a comparing analysis for the 

main simulated active methods (AFD, SFS and SMS), 

the NDZ in Qf (RLC load quality factor) and f0 

(resonant frequency) space for each one was plotted 

with a simulated evaluation of the duration of the 

islanding detection and the current THD. Simulations 

were carried out under Matlab/Simulink environment 

in order to study the effectiveness of the different 

active methods to detect islanding situation in the 

new PV system, provoked by one of the causes 

mentioned in Section 5.1. 

The basic data of the studied PV installation are 

given in Table 2. 

Table 2. Basic data of the studied system 
 

Parameters Value 

Grid Voltage 220 V 

Grid Frequency 50 Hz 

Inverter input DC voltage from 

the PV 
200 V 

Load resistance 6 Ω 

Load reactance 7 mH 

Load capacitor 1.3 µF 

Load quality factor Qf 2.58 

Filter inductance 60 mH 

6. Simulation results and discussion  

As laid out in Fig. 10, the islanding detection 

duration when AFD method is used is 0.15s, which 

remains lower than the maximum duration of 2s 

required by IEEE1574 standard [3].  

According to Fig. 11, the THD value of the 

inverter current with the AFD method is 5.22 % little 

more than 5%, the threshold limit authorized by the 

same standard. Fig. 12 and Fig.13 show that both of 

DDT and THD inverter’s current improved with the 

SFS method used to detect the islanding.HThe THD of 

the SFS inverter’s current value is 3.26% and the time 

detection is 0.1s. As one can see also, from Fig. 14 

and Fig. 15, SMS islanding detection method has the 

best THD of about 1.3% and DDT is of about 0.28s. 

The performances of each method in comparison 

with the IEEE1574 standard are given in Table 3. The 

evaluation results of the main active methods for 

islanding detection in the grid connected photovoltaic 

system according to the criterion of their zone of non-

detection are summarized in Fig. 16. 

According to Fig. 16, the NDZ of the SMS 

islanding detection method is the narrowest than that 

of AFD and SFS IDMs. Furthermore, SMS Method 

does not degrade the power quality compared to the 

other active methods. Thus, the SMS method has 

been selected to detect any islanding situation for the 

new PV installation connected to OCP Group grid. 

 

 
Figure. 10 Duration of detecting islanding with the 

AFD method 
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Figure. 11 THD of the inverter current with the AFD method 

 

 

 
Figure. 12 Duration of detecting islanding with the SFS 

method 

 

 

 
Figure. 13 THD of the inverter current with the SFS 

method 

 
Figure. 14 Duration of detecting islanding with the 

SMS method 

 

 

Table 3: Summary of simulated methods performances 
 

Performance 

criteria 

IEEE1574 

standard 

[3] 

AFD 

method 

[25] 

SFS 

method 

[26] 

SMS 

method 

[27] 

Duration of 

the  

detection 

2s 0.15s 0.1s 0.28s 

Total 

Harmonic 

distortion 

5% 5.22% 3.26% 1.3% 

Non 

Detection 

Zone 

No 

specification 
Acceptable Good Best 
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Figure. 15 THD of the inverter current with the SMS method 

 
Figure. 16 NDZ area of AFD, SFS and SMS IDMs 

7. Conclusion 

This paper is a contribution to comprehensive study of the 

islanding situation of the new photovoltaic generators to be 

connected to LVs grid of OCP Group and presents the 

solution adopted among the main unintentional islanding 

detection methods that can be classified into passive, 

active and communication based methods. The definition 

of the way in which the PV generators will beintegrated 

to the network of OCP group allows establishing the 

cases in which the new PV installation is 

unintentionally isolated from the electrical network, 

which are: load shedding of the switchboard 

MV23EM15 (Mode 3), blackout  (Mode 4) and 

Disturbances in the internal network of the thermal 

power plant. The study concludes that the passive 

methods have no effect on the power quality but they 

have a large non detection zone for larger values of 

Load quality factor. The communication based 

methods do not have a non detection zone; however, 

they are quite costly. The active techniques offer a 

compromise between the two; they have a relatively 

low non-detection zone and acceptable energy 

quality with an affordable cost. 

The comparison on the main active methods 

(AFD, SFS and SMS) for islanding detection in the 

grid connected photovoltaic system (PV) is based on 

three parameters: the Non-Detection Zone (NDZ), 

the Detection Duration Time (DDT) and Total 

Harmonic Distortion (THD) of each method. These 

performance criteria are compared with the limit 

thresholds authorized by the IEEE 1574 standard, 

which are 5% for THD and 2 seconds for DDT. The 

simulation results show that the Slip Mode Frequency 

Shift (SMS) method appears to have a small Non-

Detection Zone with a better current THD and DDT 

of 1.3% and 0.28s, respectively. Thus, it is considered 

as a better implementation option for our application 

(small PV installation connected to OCP Group grid). 

The results of this study are part of a continuing 

thesis work. Further research with the aim of 

developing new islanding detection structures is 

underway. These new structures will also be an asset 

for university research programs and industrial 

utilizations. 
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