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 To solve the energy consumption demand of the world and environmental 
problems in the future the distributed generation is considered an alternative 
approach. In this paper a new passive islanding detection technique was 
proposed for the Hybrid distributed generation (HDG) system based on 
changes in negative sequence voltage (NSV) and currents during an 
unintentional islanding. Islanding is caused in the distributed generation 
system due to failures in the power grid. As per distribution energy resources 
interconnection standards, it should be detected within 2 sec with the 
equipments connected to it. It is difficult to detect islanding during zero 

power imbalance condition. Sequence analyzer will separate the positive, 
negative and zero sequence components of voltages and currents from the 
voltages and currents obtained at the point of common coupling (PCC). 
During a wide range of power imbalance conditions the change in negative 
sequence voltage and currents are examined for islanding detection. The 
simulation shows that this method is free from Non detection zone, even at 
zero power imbalances between load and distribution generation. The 
computer simulations made in Matlab/ Simulink laboratory show the 

effectiveness of this method. 
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1. INTRODUCTION  

Nowadays, the global energy demand is supplied by the combustion of fossil fuel resources. Due to 
continuous combustion of fossil fuels the environment is affecting and fossil fuels are decreasing. So the 

alternate solution for global energy consumption demand and pollution free country is the use of renewable 

energy resources like solar, wind, etc. Distributed generation is the smallest scale power generation source 

which is connected at the consumer level of power system [1]. Most of the DG systems are using renewable 

energy resources and interfaced to the grid with suitable power converters. Depending on the nature of the 

source the energy may be generated in AC or DC forms. The main problems with such renewable power 

generation are an unintentional islanding. Due to failures in the grid, if the DG is disconnected from the main 

grid, the DG along with local load forms an islanding [2]. The islanding is unsafe to field persons and 

equipments connected because the servicing persons are not mindful that the frame up is connected and 

supplying with DG near. The main causes of such unintentional islanding are due to the failures detected by 

the grid, accidental opening of circuit breakers at the grid, intentional opening of CB for maintenance, human 

errors and an act of nature [3]. The basic grid interfacing rules such as IEEE 1547 and UL 1741 needs that, it 
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is necessary to disconnect the DG source within 2 seconds after islanding, because it leads to variations in the 

voltage, frequency, current, THD, active, reactive powers outside the standards, which may hazardous to 

customers and  loads connected to it [4-5]. Different control systems and inverters are implemented to 

connect DG sources to grid with proper synchronization and to inject high quality power into the grid [6-7]. 

The islanding detection methods are classified as local islanding detection methods and remote islanding 

detection methods. PLCC and SCADA are the remote islanding detection techniques; they detect the 

islanding by gathering information from DG side and utility side. Utility side signals are monitored by the 

PLCC [8-9]. If these signals are not appearing then islanding is detected. On the other hand, islanding was 
detected by SCADA with information from circuit breaker auxiliary contacts. The implementation of these 

methods is very difficult because the cost and implementation of other monitoring devices such as 

transmitters and receivers are more [10].  The local islanding detection methods are again classified as 

passive, active, and Hybrid islanding detection methods [11-12]. By injecting some signal at PCC for some 

cycles and observing the deviations in the output signal active methods will detect the islanding. In the grid 

connected system, the system absorbs the local disturbance and considerable deviations are not observed. 

However, more deviations are observed in the output signal if the system is islanded [13-17]. By observing 

these deviations the islanding is detected by active methods. The active methods are more efficient than 

passive methods, but they reduce the power quality [18-19]  

The low frequency current injected through the DQ controller of inverter based distributed 

generation presented will work inside the NDZ of a conventional frequency relay [20-23]. Large samples of 

data collected from non-islanding and islanding events such as voltage, current, power, P.f, etc. and 
processing it with the learning algorithms, the islanding is detected by machine learning detection techniques. 

Some popular algorithms such as Artificial Neural Networks (ANN) [24], Decision Tree Models (DT) [25], 

and Support Vector Machines (SVM) [26] are used to differentiate between islanding and non islanding 

incidents. In passive techniques, regional parameters such as voltage, frequency, current, phase jump, active 

power, reactive power and other are monitored at the PCC, if their changes are beyond a certain threshold 

level, then islanding is detected [27-32] The over/ under frequency relay works when the frequency is more 

or less than 50.5 and 49.5 as per Indian standards [28]. Hybrid methods use the combination of active and 

passive methods. If the islanding is suspected by passive method, the active method will confirm the 

islanding. These methods have less NDZ but they are affected by poor power quality [33-39]. The passive 

techniques are suffering with large NDZ, but they are simple to implement. In this paper a new passive 

islanding detection method is implemented with zero NDZ with change in NSV and currents. The 
differentiated signals of voltages and currents from sequence analyzer are compared with predefined values 

and islanding is detected if they are beyond a threshold value. This method is simple and free from NDZ. 

This method detects islanding even at the zero power imbalance condition quickly than other methods. The 

rest of the paper is organized as follows. System under the study along with control system is discussed in 

Section II, The proposed change in NSV method III, The simulated results, and comparison with the existing 

methods are presented in section IV, and conclusions are drawn in Section V. 

 

 

2. SYSTEM UNDER STUDY 

The test system shown in Figure 1 is simulated with the Sim-power systems environment to show 

the performance of the proposed method. The test system is designed with IEEE 1547 and UL 1741 [4-5] 
series standards. This hybrid distributed generation system consisting of three different sources of solar, wind 

and storage battery. The PV panel is designed with sun power modules (SPR-305). Five series connected 

parallel modules of 66 strings are connected to produce a rated power of 1kw/m2 as the temperature is 

abnormal. The thevinions voltage and Norton’s currents of each module are 64.2 volts and 5.96 amperes 

respectively. The output of the PV array is connected to DC/DC boost converter, whose duty cycle is 

controlled by maximum power point tracking (MPPT) controller to extract maximum power. A Wind farm of 

9 MW (6*1.5 MW) with doubly fed induction generator is considered. Wind turbines using a Doubly-fed 

Induction generator (DFIG) consist of a wound rotor Induction generator followed by a boost converter. The 

DFIG technology allows extracting maximum power from the wind for low wind speeds by optimizing the 

turbine speed, while minimizing mechanical stresses on the turbine during gusts of wind. The outputs of both 

boost converters and battery are connected to the DC bus. The DC voltage from DC bus is synchronized to 

the grid with synchronous rotating reference frame controller through three phase inverter, LC filter and step 
up transformer. The synchronous rotating reference frame controller shown in Figure 2 [6] will control the 

amount of active power delivered to the grid, reactive transferring between grid and Hybrid system, DC link 

voltage, and proper synchronization to grid with good power quality [6-9]. The three phase circuit breaker 

(CB) at PCC is switched to create the islanding condition. Before opening of the CB the hybrid DG system is 

in the grid connected mode. By opening the CB, the hybrid DG along the local load forms an islanding 
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condition. Now the DG itself supplies the load demanded power under worst case of islanding situation 

which means zero power imbalance between generation and load capacity. 

 

 

 
 

Figure 1. Block diagram of the Hybrid distributed generation system under study 

 

 

 
 

Figure 2. Control system used for grid integration of Hybrid energy resources 
 

 

3. PROPOSED ISLANDING DETECTION METHOD 
The hybrid energy sources are integrated with the grid with rotating reference controller shown in 

Figure 2 will gives balanced voltages and currents at PCC in the grid connected mode. The balanced voltages 

and currents at PCC are equal in magnitude and 1200 apart from each other. During islanding the voltages 

and currents are unbalanced. The sequence analyzer will separate the positive, negative and zero sequence 

components from unbalanced voltages and currents obtained at PCC. The zero sequence components present 

only when the system is associated with ground. The negative sequence components present during the 

islanding operation. The positive sequence components will present in all modes. The symmetrical 

components of voltages are at PCC are defined as (1). 
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The symmetrical components of currents are defined as 
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Where 
0av , 1av  and 

2av  are the zero sequence, positive sequence and negative sequence voltages. 
0ai , 

1ai

and 
2ai  are the zero sequence, positive sequence and negative sequence currents. va,vb,vc and ia, ib and ic are 

the three phase voltages and currents at PCC 

 

α= 01 120 or cos 1200+j sin1200       (3) 

 

and also 
2 1 0             (4) 

 
The sequence components of voltages and currents are 
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The change in negative sequence voltage and currents can be written as 

 

Change in negative sequence voltage is 2adV

dt
      (7) 

 

Change in negative sequence current is 2adi

dt
      (8) 

 

by observing the rate of change of NSV and rate of change of Negative sequence current (NSC) the islanding 

is detected. In the grid connected mode these deviations are not present, but in islanding condition these 

changes are more and an islanding is detected. 

 

 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

A passive islanding detection method for hybrid distributed generation system… (K. Suresh) 

13 

4. SIMULATION RESULTS AND DISCUSSION 

The Hybrid distribution generation system shown in Figure 1 is implemented using MATLAB 2017/ 

Simulink model. Different islanding and non islanding events studied are 1. Grid connected mode 2. 

Islanding mode with different active power mismatches, and 3. A non islanding case of load switching  

 

4.1 Grid connected mode 

The C.B is closed in the grid connected mode. The simulated results of voltages, currents, active 

power and reactive power under steady state as shown in Figure 3. The DC link voltage, frequency is shown 

in Figure 4.  

 

 
 

Figure 3. Voltages, currents, Active power and Reactive power in grid connected operation 

 

 

 
 

Figure 4. DC link voltage and frequency in grid connected operation 

 

 

The positive, negative and zero sequence voltages in the grid connected operation are shown in 

Figure 5, the negative sequence and zero sequence voltages are zero and only positive sequence component is 

present in the grid connected mode.  
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Figure 5. Positive, negative and zero sequence voltages in grid connected operation 

 

 

4.2 NSV and rate of change of NSV during grid connected, islanding, load switching and at different 

active power imbalance conditions 

During the grid connected mode only the positive sequence component of voltages is present, 

negative and zero sequence components are zero. In the islanding condition and fault conditions negative 

sequence voltages are present. The negative sequence voltages at PCC during grid connected and islanding 

modes are shown in Figure 6, at t= 0.5 the islanding is initiated by opening the C.B and shows that the 
changes in negative sequence voltages are more compared to zero in the grid connected mode. The negative 

sequence voltage at PCC with load switching and islanding modes are shown in Figure 7, shows that the 

oscillations in negative sequence voltages during load switching are nil compared to the system working in 

islanding mode. The rate of change of NSV during grid connected, islanding, and load switching are shown 

in Figure 8. 

The deviations in the rate of change of NSV during grid connected and load switching is very less 

and more in islanding condition. So by setting a threshold value of the rate of change of NSV at 5 p.u/ sec, 

the islanding is smoothly detected and tripping signal is forwarded for the protection of hybrid distributed 

generation system. The most passive islanding detection techniques cannot detect islanding if the power 

imbalance is less than 15%. The rate of change of NSV with different power imbalances is From Figure 9, 

the proposed method can detect islanding at very low and zero power imbalance situations within 80 ms and 
oscillations at different power imbalance conditions are nearly same, and it is the most effective method to 

detect islanding at zero power imbalance condition. 

 

 

 
 

Figure 6. NSV during grid connected and islanding modes 
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Figure 7. NSV during Lad switching and islanding modes 

 

 

 
 

Figure 8. Rate of change of NSV During grid connected, islanding and load switching condition 

 

 

 
 

Figure 9. Rate of change of NSV at different active power imbalances 
 

 

4.3 NSC and rate of change of NSC during grid connected, islanding, load switching and at different 

active power imbalance conditions 

In the islanding condition and fault conditions negative sequence currents are present while in the 

grid connected mode they are not available. The negative sequence currents at PCC during grid connected 
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and islanding modes are shown in Figure 10, at t= 0.5 the islanding is initiated by opening the C.B and shows 

that the changes in negative sequence currents are more compared to zero in the grid connected mode. The 

negative sequence currents at PCC during load switching and islanding modes are shown in Figure 11, shows 

that the oscillations in negative sequence currents during load switching are nil compared to the system 

working in islanding mode. The rate of change of NSC during grid connected, islanding, and load switching 

are shown in Figure 12, The deviations in the rate of change of NSC during grid connected and load 

switching is very less and more in islanding condition. So by setting a threshold value of the rate of change of 

NSC at 10 p.u/ sec, the islanding is smoothly detected and tripping signal is forwarded. The rate of change of 
NSC with different power imbalances is from Figure 13, the proposed method can detect islanding at very 

low and zero power imbalance situations also within 80 ms and oscillations at different power imbalance 

conditions are nearly same, and it is the most effective method to detect islanding at zero power imbalance 

condition. 

 

 

 
 

Figure 10. NSC during grid connected and islanding modes 

 

 

 
 

Figure 11. NSC during Load switching and islanding modes 
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Figure 12. Rate of change of NSC During grid connected, islanding and load switching condition 

 

 

 
 

Figure 13. Rate of change of NSC at different active power imbalances 

 

 

4.4 Comparison with existing passive methods 

In this part of the paper the existing passive islanding detection methods are compared with the 

proposed methods. Almost all passive islanding detection methods fail to detect islanding during zero power 

imbalance conditions and the NDZ is large some of which are shown in Table 1.  The proposed method can 

detect islanding within 80 ms even at zero power imbalance conditions and this method is completely free 

from the NDZ. 

 

 
Table 1. Comparison of existing passive islanding detection methods 

Passive Islanding detection method NDZ Detection Time 

Voltage and current harmonic detection Large with a large value of Q 200 to 300 ms 

Over under voltage/ over under frequency OUV/ OUF Large  400 ms to 2s 

Rate of change of frequency (ROCOF) Small 300ms 

Rate of change of frequency over power (ROCOP) Smaller than ROCOF 250ms 

Rate of change of power (ROCOP) Smaller than OUV/OUF 400ms 

Phase Jump Detection (PJD) Large 100-200 ms 

Voltage Unbalance (VU) Large 100 ms 

 

 

5. CONCLUSION 

To overcome the problems with unintentional islanding, a new passive islanding detection method is 

presented in this paper with rate of change of NCS and rate of change of NSV. Most of the passive islanding 

detection methods fail to detect islanding at zero power imbalance condition. This method is working 

efficiently during zero power imbalance condition which is the worst case of islanding and detecting 
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islanding within 80 ms. This method is free from NDZ. This method was clearly differentiating between 

islanding and non islanding events. 
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