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Anti-Islanding Method for Houses Equipped with 

Electric Vehicles and Photovoltaic System 

Abstract—Integration of electric vehicles (EVs) are 

exponentially increasing in the global market and by enabling 

vehicle-to-grid (V2G) EVs can inject power back into the grid. 

However, in an event of unintentional islanding, injecting power 

into the grid may causes potential safety threats to people, 

equipment, and power system. This paper proposes an adaptive 

reactive power mismatch method to detect islanding events. 

When islanding occurs, the proposed method drifts the system 

frequency away from the nominal value. Then the islanding 

event is detected based on frequency variations. Results show 

that the proposed method effectively detects islanding event in 

all conditions and negligible non detection zone. Moreover, it 

can detect islanding within 0.801 milliseconds 

Keywords— Electric vehicle, Islanding detection method, 

Photovoltaic system. 

I. INTRODUCTION  

 

Due to environmental concerns, the adoption of electric 

vehicles (EVs) is beginning to increase in many countries. By 

enabling vehicle to grid (V2G) EVs can supply power to the 

grid or local load. For example, Tesla EV can supply power 

a house up to 5 days. The renewable energy resources (like 

photovoltaic (PV) system) are installed near to the local 

loads. Even, the rooftop photovoltaic system combined with 

EV can easily support the household load and inject 

additional power back into the grid (Fig. 1). In the event of a 

fault, the utility grid disconnects itself from the system and 

send line workers to fix the issue. But it might be possible 

that some house equipped with PV and EV are supplying 

power without knowing that the utility grid is disconnected. 

So, this active part (island) in the power system is dangerous 

to the line worker. Therefore, the house must detect the 

islanding event and disconnect the itself from the utility grid. 

The islanding detection techniques can be classified as 

central (remote) and local methods. The central methods are 

communication-based. Power quality is not affected by 

central methods. However, the implementation of central 

methods is very costly at the consumer/household level.  

Local methods include passive, active methods. Among them 

over/under frequency protection (OFP/UFP) [1]–[3], 

over/under voltage protection (OVP/UVP) [4]–[8] and phase 

jump detection [5], [9] are extensively used passive methods. 

Passive methods determine islanding by sensing voltage and 

frequency at the point of common coupling (PCC). However, 

the passive method fails to detect islanding when DG is 

capable of meeting the local load demand. The active 

frequency drift (AFD) [10]–[13], slip mode frequency shift 

[14]–[18] and Sandia frequency shift (SFS) [19] are the 

commonly used active techniques for islanding detection. 

However, active methods fail when the penetration of DGs 

increases and power mismatch between load and DG is 

negligible. In [20], [21], phase-locked loop is used for 

islanding detection. However, it can only detect the islanding 

event when the load is reactive. To conclude, most method 

proposed in the literature have a large non-detection zone, 

Nomenclature 

 

𝑖𝑑𝑟𝑒𝑓  Reference signal for 𝑖𝑑 

𝑖𝑞𝑟𝑒𝑓  Reference signal for 𝑖𝑞  

L Inductance of 𝐿𝑓𝑖𝑙𝑡𝑒𝑟  

𝑉𝑡𝑑 Terminal voltage 

𝑉𝑠𝑑 d component of line voltage 

𝜔𝑂 Angular frequency of the system 

𝑖𝑞  q component of line current 

𝑃𝑠𝑟𝑒𝑓  Reference signal for active power 

𝑄𝑠𝑟𝑒𝑓  Reference signal for reactive power 

R Resistance 

𝑟𝑜𝑛 Filter resistance  

𝑄𝑟𝑒𝑓  New reference set for reactive power 

𝑉𝑠𝑞  Q component of line voltage 

𝑖𝑑 d component of line current 

𝑢𝑑 Active power PI controller signal  

𝑓𝑂 Rated frequency of the system 

𝐾𝑝 Proportional gain of PI controller 

𝐾𝑖 Integral gain of PI controller 

𝜏𝑖 Time constant 

𝑃𝐿  Active power consumed by Load 

𝑃𝐷𝐺  Active power available in DG. 

𝑃𝑔𝑟𝑖𝑑  Active power from grid. 

𝑄𝐿  Reactive power consumed by Load 

𝑄𝐷𝐺  Reactive power available in DG. 

𝑄𝑔𝑟𝑖𝑑 Reactive power from grid. 

𝑉𝑃𝐶𝐶  Instantaneous value of voltage at PCC 

∆𝑃 Active power from grid 

𝑉𝐿 Line-to-line voltage 

 

∆𝑓𝑜 Change in frequency 

𝑉𝑁 Nominal voltage of the system 

𝑓𝑚𝑖𝑛 Minimum allowable frequency  

∆𝑄 Change in reactive power 

𝑓𝑚𝑎𝑥 Maximum allowable frequency 
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long detection time, power quality issues and degrade the 

performance of the system. Therefore, an efficient islanding 

detection technique with ideally zero non-detection zone 

(NDZ) is needed. 

Adaptive reactive power mismatch based on voltage 

variation is proposed to detect islanding. When islanding 

occurs, the proposed algorithm drifts the frequency away 

from its nominal value and disconnect the system. 

II. SYSTEM DISCRIPTION 

Fig. 1 shows the house equipped with PV system, EV and 
battery energy storage system (BESS). The PV, EV, BESS 
and utility grid are exchanging power between each other. The 
grid connected voltage source converter (VCS) is controlling 
the AC and DC power. 

The schematic diagram of grid-connected voltage source 

converter (VSC) is shown in Fig. 2. The resistance 𝑍𝑇 at AC 

side of VSC represents the conductance power loss. The DC 

side of VSC is considered as a constant DC voltage source. 

VSC is connected with AC system through series impedance 

𝑅 + 𝑟𝑜𝑛 and L filter. The L filter is tuned to reduce harmonics 

in the system. 𝑍𝑔  is the grid input impedance. Active and 

reactive powers are controlled by phase angle and line current 

amplitude of VSC with respect to point of common coupling 

(PCC) voltage.  

A. DQ-frame current controller  

 Fig. 3 illustrates the current controller in DQ-frame[22]. 

Real and reactive powers are controlled by 𝑖𝑑  and 𝑖𝑞 . 

Whereas the error signals are represented by 𝑒𝑑 and 𝑒𝑞, Here, 

𝑢𝑑 and 𝑢𝑞  denote the output of the PI controller. 𝑉𝐷𝐶  is dc 

voltage across the DC link capacitor. 𝑖𝑑𝑟𝑒𝑓  and 𝑖𝑞𝑟𝑒𝑓  are the 

active and reactive power reference and can be computed 

using (1)-(2). 

𝑖𝑑𝑟𝑒𝑓(𝑡) =
2

3𝑉𝑠𝑑
𝑃𝑠𝑟𝑒𝑓(𝑡)   (1) 

       𝑖𝑞𝑟𝑒𝑓(𝑡) = −
2

3∗𝑉𝑠𝑑
𝑄𝑠𝑟𝑒𝑓(𝑡)      (2) 

  

Equations (3)-(4) describe the dynamic model of the AC 

system. Here  𝑟𝑜𝑛=0.88 mΩ, R=0.75 mΩ, inductive reactance 

L is 80 mH and 𝜔𝑂 is the nominal frequency of 60 Hz. 

 

L
𝑑𝑖𝑑

𝑑𝑡
= 𝑉𝑡𝑑 − 𝑉𝑠𝑑 + 𝐿 𝜔𝑂𝑖𝑞 − (𝑅 + 𝑟𝑜𝑛)𝑖𝑑       (3) 

𝐿
𝑑𝑖𝑞

𝑑𝑡
= 𝑉𝑡𝑞 − 𝑉𝑠𝑞 − 𝐿𝜔𝑂𝑖𝑑 − (𝑅 + 𝑟𝑜𝑛)𝑖𝑞          (4) 

 

 Here state variables are 𝑖𝑑 and 𝑖𝑞 , control inputs are 𝑉𝑡𝑑 

and 𝑉𝑡𝑞. The disturbances in the system is represented by 𝑉𝑠𝑑 

and 𝑉𝑠𝑞 . 𝑉𝑡𝑑 and 𝑉𝑡𝑞 are described as  

 

𝑉𝑡𝑑(𝑡) = 𝑢𝑑 − 𝐿𝑓𝑂𝑖𝑞 + 𝑉𝑠𝑑            (5) 

𝑉𝑡𝑞(𝑡) = 𝑢𝑞 + 𝐿𝑓𝑂𝑖𝑑 + 𝑉𝑠𝑞                          (6) 

 

 The gain of the proportional-integral (PI) controller can 

be determined by using (7). Here 𝜏𝑖 is the time constant and 

its value depends on the system requirement. Value of 𝜏𝑖  can 

range from 0.5 to 5 milliseconds. In this work, the value of 

𝜏𝑖  is 3 ms. 

𝐾𝑝 = 𝐿
𝜏𝑖

⁄      and     𝐾𝑖 =
(𝑅 + 𝑟𝑜𝑛)

𝜏𝑖
⁄      (7) 

 

B. Adaptive reactive power reference 

      Both grid and DG are delivering power to RLC load. 

Active and reactive powers consumed by the load can be 

computed as 

 

𝑃𝐿 = 𝑃𝐷𝐺 + 𝑃𝑔𝑟𝑖𝑑 =  3𝑉𝑃𝐶𝐶
2 1

𝑅
     (8) 

𝑄𝐿 = 𝑄𝐷𝐺 + 𝑄𝑔𝑟𝑖𝑑 =  3𝑉𝑃𝐶𝐶
2 (

1

2𝜋𝑓𝑜𝐿
− 2𝜋𝑓𝑜𝐶)              (9) 

 

      Here 𝑓𝑜 and 𝑉𝑝𝑐𝑐 are the nominal frequency and voltage at 

PCC and L, R, C are inductive, resistive, and the capacitive 

component of the load. Active and reactive powers from the 

grid are denoted as 𝑃𝑔𝑟𝑖𝑑  and 𝑄𝑔𝑟𝑖𝑑  respectively. After 

islanding, active power mismatch ∆𝑃 causes the voltage to 

deviate from its nominal value and reactive power mismatch 

Fig. 1. Household equipped with EV, PV and BESS  

Fig. 3. Dq-frame current controller 

Fig. 2. System description  



∆𝑄 variates the frequency of the system. ∆𝑃 𝑎𝑛𝑑 ∆𝑄 can be 

computed by using (10)-(11) [23]. 

 

∆𝑃 =  𝑃𝐷𝐺 (
1

(1+∆𝑉
𝑉𝑝𝑐𝑐

⁄ )2 − 1)                      (10) 

∆𝑄 =  
3𝑉𝑃𝐶𝐶

2

2𝜋𝑓𝑜𝐿
(1 −

𝑓𝑜
2

(𝑓𝑜+∆𝑓𝑜)2)                          (11) 

 

      It is observed that variation in frequency due to reactive 

power mismatch is more significant as compared to active 

power mismatch. Therefore, based on voltage variation, this 

work introduces adaptive reactive power mismatch. 

Equations (12) and (13) are used to update the reactive power 

references based on the change in voltage at PCC. If the 

voltage at PCC is greater than 1.01*𝑉𝑁 , it means DG is 

suppling more active power than load consumption, so the 

reactive power reference is set by using (12). 

 

𝑄𝑟𝑒𝑓1 = −|𝑉𝐿|2 ∗ (
𝑓𝑜−𝑓𝑚𝑖𝑛

𝑓0
) + 𝑄𝐿                 (12) 

 

      Here 𝑉𝐿 is the line to line voltage at PCC and 𝑓𝑚𝑖𝑛 is the 

minimum allowable threshold value of frequency. Here its 

value is 59.4 Hz. If the voltage at PCC is less than 0.98 𝑉𝑁, 

the 𝑄𝑟𝑒𝑓  is change by using (13). 

 

𝑄𝑟𝑒𝑓2 = −|𝑉𝐿|2 ∗ (
𝑓𝑜−𝑓𝑚𝑎𝑥

𝑓0
) + 𝑄𝐿                (13) 

 

The maximum allowable frequency is shown by 𝑓𝑚𝑎𝑥  . 

Here 𝑓𝑚𝑎𝑥  is 60.5 Hz. Equations (12) and (13) update the 

reactive power reference and ensuring that the frequency will 

deviate when islanding occurs. It will help in detecting the 

islanding for a resistive load having a resonance frequency of 

𝑓𝑜 (i.e. 60 Hz)  

 

𝑄𝑟𝑒𝑓 = {

𝑄𝑟𝑒𝑓1

𝑄𝑟𝑒𝑓2

𝑄𝐿

𝑉𝑃𝐶𝐶 >  1.01𝑉𝑁

𝑉𝑃𝐶𝐶 < 0.98 𝑉𝑁

0.98𝑉𝑁  < 𝑉𝑃𝐶𝐶 < 1.02𝑉𝑁

           (14) 

 

 Reference signal generator (RSG) is shown in Fig. 

2. RSG generates reactive power reference by using (14). 

III. RESULTS 

 This section presents the efficacy of the proposed 

islanding detection method. The parameters used in 

simulation are tabulated in Table 1. The controller is tested 

based on a simultaneous change in both active and reactive 

power reference. Fig. 4 (a) represents the three-phase voltage 

of the system. The controller tracks the reference point of 

active and reactive power by regulating the line current. Fig. 

4 (b), shows the variations in current due to change in active 

and reactive power reference. Fig. 4 (c) shows the 

simultaneous change in reference of active power. Active 

power reference changes from zero to 200 W at the beginning 

and at 0.3 seconds, reference power changes from 200 to 400 

W. Fig. 4 (d) shows that at the beginning reactive power varies 

from zero to 50 VAR and at 0.1 seconds it varies from 50 to -

100 VAR. In Fig. 4 (c) and Fig. 4 (d), active and reactive 

(a) 

(b) 

(c) 

(d) 

Fig.4 Active and reactive power tracking by PI controller Table 1. MATLAB Simulation Parameters 

Parameters Values 

  

𝑍𝐿1 (RC) 5 Ω // 50 µF 

𝑍𝐿2  (RL) 5 Ω // 70 mH 

𝑍𝐿3 (RLC) 5 // 300 µF // 23.3 mH 

𝑍𝑔 100 Ω 

𝑉𝑔 230 V 

𝑓𝑛𝑜𝑚𝑖𝑛𝑎𝑙  60 Hz 

𝑓𝑠 20 KHz 

 



power reference are shown in the solid line and the dark thick 

line shows the tracking power generated from distributed 

generation. The results show that the active power and 

reactive power are tracked efficiently.  

The reactive power reference is changed based on voltage 

variation. The purpose of changing the reactive power 

reference is to create a reactive power mismatch between 

inverter and the load. So, the reactive power mismatch shifts 

the frequency from its nominal value when islanding occurs. 

The new reactive power reference is set by using (14). The 

variation in frequency when Vpcc is less than 0.98*𝑉𝑁  is 

shown in Fig. 5 (a). Fig. 5 (b) represents the variation in 

frequency when Vpcc is greater than 1.01*𝑉𝑁 

The proposed algorithm detects islanding condition in all 

kind of loads and has negligible non-detection zone. The 

results show that the variations in frequency due to islanding 

is very high as compared to the variation due to switching of 

capacitors or load. So, the proposed method can easily 

differentiate the islanding event with other disturbances in the 

system. Frequency variation is the key parameter in this 

technique to detect islanding. Simulation results show the 

efficiency of islanding detection method. 

 

IV. CONCLUSION  

      In this paper, an islanding detection method is proposed 

based on frequency deviation. Adaptive reactive power 

mismatch is proposed to detect islanding event in weak grid 

and worst load conditions. By relaxing the frequency limits, 

the proposed method can differentiate the islanding event 

with other disturbances in the system (like sudden increase in 

load or capacitor switching). The result shows that the 

proposed adaptive reactive power mismatch helps in 

detecting islanding events. Moreover, the proposed method 

cannot affect the power quality of the electrical network. 

Implementing the proposed islanding detection method on 

multiple houses is yet to explore. We will include it in future 

work. 
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