
Copyright (c) 2013 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

IEEE TRANSACTIONS ON POWER ELECTRONICS, TPEL-Reg-2013-03-0373 

 

1 

 

Abstract—For the inverter-based distributed generation (DG) 

under constant power control, this paper analyzes the relationship 

between the active/reactive power mismatch and frequency 

deviation respectively during islanding and finds that the 

frequency variation trends caused by active and reactive power 

mismatches may be opposite. In order to eliminate the 

nondetection zone (NDZ) and detect islanding rapidly, an 

innovative islanding detection algorithm is presented based on a 

reactive power control strategy. The strategy provides the 

reactive power reference for the DG to guarantee the consistency 

of the frequency variation trends caused by both active and 

reactive power mismatches, thus accelerating the islanding 

detection speed. In addition, the introduction of the voltage 

variation into the proposed reactive power control strategy can 

regulate voltage dynamically in grid-connected mode and further 

shorten the islanding detection time as well. According to the 

anti-islanding test system in the IEEE Std.929-2000 and IEEE 

Std.1547-2003, several case studies are carried out in the power 

systems computer-aided design (PSCAD) /EMTDC environment. 

The simulation results show that the proposed algorithm has the 

zero NDZ property and can detect islanding rapidly. Moreover, 

the algorithm also performs effectively for load imbalance 

conditions as well as for the system with multiple DGs. 

 
Index Terms—Inverter-based distributed generation, islanding 

detection, reactive power control strategy, power factor 

improvement, voltage regulation. 

 

I. INTRODUCTION 

HE application of distributed generation (DG) in the 

distribution system to supply electric power for the 

network and local load is growing rapidly. Using renewable 

energy sources such as photovoltaic (PV) generation, wind 

power, fuel cell and microturbine to produce power, the DG 

brings technical, environmental and economic benefits for 

utilities and customers [1], [2]. However, there are also 

challenges associated with the DG [2], among which islanding 

detection is an important and difficult one. 
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According to the IEEE Std.929-2000, islanding is a 

condition in which a portion of the utility system that contains 

both the DG and load continues operating while this portion is 

electrically separated from the main utility [3]. There are two 

types of islanding: intentional islanding and inadvertent 

islanding. According to the control strategy in advance, 

intentional islanding forms in a controlled manner to make 

good use of the DG and improve the power supply reliability 

[4], [5]. This operation mode is not studied in this paper. On the 

contrary, inadvertent islanding can lead to power quality 

problems, serious equipment damage, and even safety hazards 

to utility operation personnel [6]. Therefore, the DG has to 

detect islanding rapidly and effectively in this case and 

disconnect itself from the network as soon as possible to 

prevent the damages mentioned above. A generic system for 

islanding detection study is recommended in the IEEE Std. 

929-2000 and IEEE Std. 1547-2003, where the distributed 

network, a RLC load and an inverter-based DG are connected at 

the point of common coupling (PCC). 

Generally, there are mainly three types of islanding detection 

methods including communication-based, passive and active 

methods. Though communication-based methods do no harm 

to the power quality of the power system with the negligible 

nondetection zone (NDZ), the cost is much higher than the 

other two types of methods and the operations are more 

complex as well [7]. Therefore, passive and active methods 

have been well developed so far. Over/under frequency 

protection (OFP/UFP), over/under voltage protection 

(OVP/UVP) and phase jump detection (PJD) are the most 

widely used passive islanding detection methods, which 

determine the islanding condition by measuring the PCC 

voltage and the current from the DG [8]. These passive methods 

have cost and technology neutral merits, but they may fail to 

detect the islanding operation when the local load consumption 

closely matches the DG output [9]. On the other hand, active 

methods rely on injecting intentional disturbances or harmonics 

into some DG parameters to identify whether islanding has 

occurred [10]-[12]. The active frequency drift (AFD) [13], 

Slip-mode frequency shift (SMS) [14] and Sandia frequency 

shift (SFS) [15] methods are three classical active methods by 

creating a continuous trend to change the frequency during 

islanding. Though active methods suffer smaller NDZs, the 

presence of disturbances during normal operation will sacrifice 
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power quality and reliability of the power system. Moreover, 

when applied in multiple-DG operation, some active methods 

have difficulty in maintaining synchronization and may not 

work owing to the averaging effect [16]-[18]. 

It is common in conventional distribution systems that bus 

voltage drops below the limit especially at the remote end of the 

feeders or for heavy load, whereas the feeder node voltage may 

also suffer overvoltage due to the reverse power flow with the 

increasing DG penetration level. For the grid with high Xg/ Rg 

lines (The grid is represented by an infinite voltage source with 

an equivalent line impedance Rg + jXg), reactive power 

injection is most effective to improve voltage profile [19]. On 

the other hand, the reactive power mismatch can drive the 

frequency of the PCC voltage to change during islanding. 

Therefore, several studies have utilized the reactive power 

output capability of the DG to detect islanding as well as 

regulate the PCC voltage.  

The DG operating at a unity power factor under constant 

power control means that it generates active power with all its 

capacity during the normal operation. The islanding detection 

methods proposed in [20]-[23] were designed for this kind of 

DG. Reference [20] presented an islanding detection method 

relying on equipping the DG interface with a Q-f characteristic. 

The DG Q-f characteristic was represented by a linear function 

where the slope was adjusted to be steeper than that of the load 

curve. Thus, the reactive power mismatch would force the 

frequency of the PCC voltage to deviate outside the thresholds 

during islanding. However, the slope of the load Q-f curve was 

dependent on the load active power consumption, the load’s 

resonant frequency and quality factor. The load's resonant 

frequency and quality factor were unknown in advance and the 

load active power consumption might change during islanding 

because of the active power mismatch. Therefore, it was hard to 

guarantee that the slope of the DG Q-f curve, which was a 

preset and fixed value, would be steeper than that of the load 

curve. In addition, the meeting point of the two curves might 

exist within the frequency limits and the method would fail to 

detect islanding when the islanding occurred at the meeting 

point. An autonomous controller was proposed in [21] with 

integrated voltage regulation and islanding detection for high 

penetration PV applications. Though fast voltage regulation 

and coordination of multiple-PV systems to detect islanding 

could be realized, the islanding detection still suffered the NDZ 

with the complex controller. An islanding detection method 

based on intermittent bilateral reactive power variation was 

proposed in [22]. The frequency was forced to deviate outside 

the normal range during islanding through controlling the DG 

output reactive power to vary. The variation amplitude 

depended on the DG output active power and the load quality 

factor. Compared with the method in [22], the proposed method 

in [23] was improved by only outputting unilateral reactive 

power variation in each variation period and reducing the 

injected reactive power based on the load's resonance 

frequency detection. However, the load quality factor was 

unknown in advance. If the islanding occurred when the 

reactive power variation was equal to zero, it would not be 

detected rapidly with the detection time probably up to a whole 

variation period. Moreover, when the methods were applied to 

multiple DGs, the synchronization of the reactive power 

variation could not be guaranteed and the effectiveness of the 

methods might be reduced. 

When the local load has high consumption of reactive power, 

additional conductor and transformer capacity is required to 

maintain the load power factor and the utility company suffers 

large energy lost. To solve these problems with its potential 

advantages, the DG integrated in the distribution feeder was 

also explored to compensate reactive power simultaneously for 

power factor improvement [24], [25], as well as the voltage 

regulation [19], [26]. Nevertheless, this could also enlarge the 

NDZ of the OFP/UFP method and make the islanding detection 

more difficult compared with the condition that the DG 

operated at a unity factor [27]. An islanding detection method 

was designed in [27] for this kind of DG by continuously and 

partly compensating the load reactive power consumption. 

Thus, the reactive power mismatch would force the frequency 

to rise for the inductive load and drop for the capacitive load 

until the frequency deviated outside the OFP/UFP limits. 

However, the reactive power mismatch was dependent on the 

load reactive power consumption. The detection speed varied 

and it was too slow for the load that consumed little reactive 

power. The impact of the active power mismatch on the 

frequency deviation was not considered as well, which also 

might make the islanding detection slow. In addition, according 

to the method, the grid always injected reactive power for the 

inductive load or absorbed reactive power for the capacitive 

load in grid-connected mode, which could not regulate the PCC 

voltage dynamically. Therefore, an innovative islanding 

detection algorithm is proposed in this paper for this kind of the 

DG. 

The frequency of the PCC voltage eventually deviates to the 

resonant frequency during islanding when the DG operates at a 

unity power factor. Thus, the active power mismatch only 

forces the PCC voltage to change. However, the impact of the 

active power mismatch on frequency deviation has to be 

considered for the DG generating reactive power. This paper 

investigates the relationship between the active/reactive power 

mismatch and the frequency variation respectively during 

islanding and finds that the frequency variation trends caused 

by active and reactive power mismatches are opposite in some 

cases. Therefore, the frequency variation caused by the active 

power mismatch may be offset by that caused by the reactive 

power, which makes the islanding detection hard and slow. In 

order to eliminate the NDZ and detect islanding rapidly, this 

paper presents an innovative islanding detection algorithm 

based on a reactive power control strategy. According to the 

load reactive power consumption, the PCC voltage and its 

frequency, the corresponding reactive power reference is 

provided for the DG to make the frequency variation trend 

caused by the reactive power mismatch keep the same as that 

caused by the active power mismatch. The frequency continues 

to rise or drop and eventually deviates outside the limits of the 

OFP/UFP scheme in a very short time. In addition, the voltage 

variation is also introduced into the proposed strategy for two 

purposes: 1) Enlarging the reactive power mismatch and further 
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Fig. 1.  System for islanding detection study. 

shortening the detection time during islanding; 2) Regulating 

the PCC voltage dynamically in grid-connected mode through 

controlling the DG to generate different amounts of reactive 

power. Therefore, the proposed reactive power control strategy 

can take full advantage of the DG by integrating fast islanding 

detection, load power factor improvement and voltage 

regulation. 

II. SYSTEM MODELING AND BASIC RELATIONSHIP ANALYSIS 

According to the IEEE Std.929 and IEEE Std.1547, the 

recommended generic system for islanding detection study is 

shown in Fig. 1. It consists of an inverter-based DG, a parallel 

three-phase RLC load and the distributed network represented 

by a three-phase source behind impedance. The DG is usually 

located near the local load and the length of the line connecting 

them is short. Therefore, the line loss is negligible and the RLC 

load and the DG are connected at the PCC in the generic system. 

Moreover, the DGs such as PV generation and wind power 

generation are usually configured with the maximum power 

point tracking controller. The output power can be considered 

to be constant during the detection because the detection time is 

very short. Therefore, using a constant dc source behind a 

three-phase inverter, the DG is designed as a constant power 

source to control the active and reactive power independently 

based on the dual close loop control structure in the d-q 

synchronous reference frame. According to the instantaneous 

power theory and the Park transformation, the instantaneous 

active and reactive power of the DG output can be written in 

terms of the d-q axis components as follows [28]: 

 DG d d

3

2
P u i  (1) 

 
DG d q

3

2
Q u i  (2) 

where ud and uq are the d-q components of the voltage at the 

PCC, and id and iq represent the d-q components of the DG 

current respectively. Under the balanced network conditions, 

the above mentioned d-q components are constant quantities. 

Fig. 2 presents the block diagram of the DG interface control 

for constant power operation.The phase-locked loop (PLL), the 

outer power control loop and the inner current control loop are 

the three main parts. Based on the input of three single-phase 

voltages at the PCC, the PLL can offer the voltage phase angle 

as a benchmark phase to realize synchronous Park 

transformation and calculate the frequency of the input voltage. 

In the outer power control loop, PI regulators are introduced to 

transform the errors between active and reactive power of the 

DG output and their preset values into the reference values of 

active and reactive current (idref and iqref), respectively. In the 

inner current loop, the errors between the measured and 

reference d-q values of the DG current are also passed through 

PI regulators. Meanwhile, the feed-forward compensation from 

the d-q voltages at the PCC realizes the decoupled control of the 

d-q components of the DG current as well as the DG active and 

reactive power output. According to the Park transformation, 

the output of the inner current control loop (ed and eq) is 

transformed into the voltage reference values of the converter 

output. Then, the triggering pulses on the inverter switches are 

gained by sinusoidal pulse-width modulation (SPWM). 

When the DG is connected to the utility grid, equations (3) 

and (4) describe the power flows and the active and reactive 

power consumed by the RLC load. 
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where VPCC and f are the phase voltage at the PCC and its 

frequency respectively, and RLC represent the load resistance, 

inductance and capacitance. Thus, equation (4) can also be 

written in terms of the active power consumption as follows: 
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Fig. 2.  DG interface control for constant power operation. 
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It can be inferred from (3) that if PGrid is not zero before the 

grid disconnection, the PCC voltage will fall or rise during 

islanding because of the active power mismatch ∆P (∆P = PLoad 

-PDG). Thus, the voltage variation can be utilized to detect the 

islanding based on the OVP/UVP method and the amount of 

voltage deviation depends on the value of active power 

mismatch. If the active power of the DG is set constant, the 

active power mismatch can be expressed as follows [29]: 

 DG 2

1
( 1)
(1 )

  


P P
V

 (6) 

and ∆V can be expressed as: 

 
*

PCC PCC

PCC


 

V V
V

V
 (7) 

where VPCC and 
*

PCCV  represent the PCC voltage before and 

after islanding, respectively.  

Similarly, it can be seen from (5) that the amount of 

deviation in the frequency depends on the values of both active 

and reactive power mismatches once islanding occurs.The 

frequency variation also can be used to detect islanding based 

on the OFP/UFP method. If the DG operates at a unity power 

factor and there is no active power mismatch during islanding, 

the reactive power mismatch ∆Q (∆Q = QLoad - QDG) can be 

written in terms of the frequency variation as follows [29]: 

 
2 2

PCC

2

3
(1 )

2 ( )
  

 

V f
Q

fL f f
 (8) 

and ∆f can be expressed as: 

 
*  f f f  (9) 

where f and  f * represent the PCC voltage frequency before and 

after islanding, respectively.  

However, the relationship between the reactive power 

mismatch and the frequency variation should be modified when 

the DG supplies reactive power for the local load. In addition, 

the impact of the active power mismatch on the frequency 

deviation should be explored as well for the DG of this kind. 

Assuming that the DG reactive power output is equal to the load 

reactive power consumption before islanding, the active power 

mismatch will change the load reactive power consumption due 

to the PCC voltage variation during islanding. Thus, it creates 

the reactive power mismatch between the DG and load to force 

the PCC voltage frequency to deviate. Since the DG is 

controlled as a constant power source, the relationship between 

the active/reactive power mismatch and frequency deviation 

can be derived as below: 
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where ∆f represents the frequency deviation shown in (9), and f 

is the PCC frequency before islanding. The detail derivation of 

the relationship between the active/reactive power mismatch 

and the frequency deviation can be found in the Appendix. 

According to (10) and (11), the reactive power mismatch will 

force the frequency to ascend if ∆Q is above zero during an

 

Fig. 3.  Q-f curve of the load with the power factor equal to 0.9. 

islanding condition, whereas the frequency will trend to 

descend with the positive ∆P. The frequency variation caused 

by the active power mismatch will be offset by that caused by 

the reactive power in this case. Therefore, whether the 

frequency eventually rises or drops depends on the amounts of 

both active and reactive power mismatches. The analysis is the 

same under the condition that ∆P and ∆Q are both under zero. 

For a RLC load whose power factor is 0.9 at 50 Hz with the 

rated active power 200 kW, Fig. 3 illustrates the load Q-f curve 

whose equation is expressed in (5). It can be seen from Figure.3 

that: 1) The load Q-f curve shows the approximately linear 

characteristic for the period between 49.3 Hz and 50.5 Hz; 2) 

The load Q-f curve has a negative slope.The load reactive 

power consumption is only compensated by the DG after 

islanding. Thus, the negative slope means that the frequency 

will be forced to rise if the load reactive power consumption 

becomes smaller due to the positive ∆Q after islanding, 

whereas the frequency will drop with the negative ∆Q. 

Equation (11) gives a detail description of the relationship 

between the reactive power mismatch and frequency deviation. 

Reference [20] has also described the load Q-f curve equation 

(5) in terms of the load’s resonant frequency (f0) and quality 

factor (Qf) as follows: 

 f
load load 0

0

2 ( )  
Q

Q P f f
f

 (12) 

and f0 and Qf can be expressed as: 

 0

1

2
f

LC
 (13) 

 f 02 
C

Q R f RC
L

 (14) 

III.  PROPOSED ISLANDING DETECTION ALGORITHM BASED ON 

REACTIVE POWER CONTROL 

As mentioned in Section II, the active power mismatch will 

cause voltage deviation once islanding occurs and the 

OVP/UVP method can be utilized to detect the islanding. 

Similarly, the frequency deviation depends on the values of 

both active and reactive power mismatches, and the OFP/UFP 

method can be used at the same time to detect the islanding 

effectively. However, if the power mismatches are not large 

enough, these two passive islanding detection methods will 

suffer the NDZ due to inadequate changes of the PCC voltage 

 
 

 



Copyright (c) 2013 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication.

IEEE TRANSACTIONS ON POWER ELECTRONICS, TPEL-Reg-2013-03-0373 

 

5 

and its frequency [9], [29]. According to the IEEE Std.929 and 

IEEE Std.1547, the voltage and frequency thresholds typically 

range from 0.88 - 1.1 pu and from 49.3 - 50.5 Hz (50 Hz is the 

rated frequency of the power system), respectively. For a DG 

rated at 200 kW, the active power mismatch can be created 

through changing the value of the load resistance. Therefore, if 

the active power mismatch ranges between -34.7 kW and 58.3 

kW according to (6), the islanding will not be detected 

according to the OVP/UVP method. Similarly, for a RLC load 

absorbing 200 kW active power and zero reactive power at 50 

Hz with quality factor equal to 1 and the DG operating at the 

unity power factor, the reactive power mismatch can be created 

through adjusting the value of the load inductance. If there is no 

active power mismatch during islanding, the OFP/UFP method 

will fail to detect islanding if the reactive power mismatch 

ranges between -3.56 kVar and 2.58 kVar from (8) (400 V is the 

rated line-to-line voltage of the low-voltage power system). 

Based on the interface control shown in Fig. 2, the DG can 

improve the local load power factor and voltage quality by 

supplying the reactive power. If the DG’s reactive power 

reference value (Qref) is set equal to the local load’s 

instantaneous reactive power (Qload), the load power factor will 

be improved to unity. However, the capability of supplying the 

reactive power for the local load reduces the reactive power 

mismatch during islanding and the OFP/UFP method will 

suffer a larger NDZ. The study in [27] has proved that the DG 

interface control designed for improving the load power factor 

has no effect on the NDZ active power limits, while the NDZ 

reactive power limits increase. 

There may be both active and reactive power mismatches 

between the DG and the local load when an islanding condition 

occurs. According to the study on the relationship between the 

active/reactive power mismatch and the frequency variation in 

Section II, the frequency deviations caused by the active and 

reactive mismatches will be offset by each other when ∆P and 

∆Q are either positive or negative simultaneously. Thus, the 

islanding detection turns to be hard and slow. On the contrary, 

if ∆P and ∆Q have opposite signs, the frequency will change 

significantly owing to the same change trends and the islanding 

can be detected rapidly. In addition, the inverter-based DG is 

usually configured with the dedicated controller such as the 

maximum power point tracking controller to dominate the 

active power output, so that the reactive power control becomes 

a better choice to realize rapid islanding detection. 

Therefore, the proposed reactive power control strategy 

includes two key points: 1) Creating the reactive power 

mismatch to eliminate the NDZ and force the frequency to 

deviate outside the thresholds eventually; 2) Guaranteeing the 

consistency of the frequency variation trends caused by both 

active and reactive power mismatches to accelerate the 

islanding detection speed. To control the DG’s reactive power 

output conveniently, the value of the PCC voltage rather than 

the active power mismatch can be used as the criterion because 

the active power mismatch will cause the PCC voltage 

deviation during islanding. 

If the phase voltage at the PCC is greater than or equal to the 

rated value during islanding, the reactive power reference for 

 

Fig. 4.  Q-f curves of the load and the DG when the PCC voltage is greater than 

or equal to the rated voltage. 

 

Fig. 5.  Q-f curves of the load and the DG when the PCC voltage is lower than 
the rated voltage. 

the DG can be set as follows: 

 ref 1 load( )   Q k f a Q  (15) 

where k1 is a positive value with a being set below the lower 

frequency threshold 49.3Hz to make Qref smaller than Qload, and 

f is the PCC voltage frequency in hertz. For the load shown in 

Fig. 3, the load Q-f curve and the above DG Q-f curve are 

simultaneously presented in Fig. 4 with a equal to 49.2. It can 

be seen from Fig. 4 that wherever the islanding occurs between 

49.3 Hz and 50.5 Hz, there will be the reactive power mismatch 

to force the frequency to increase. With the growing reactive 

power mismatch, the frequency will eventually deviate outside 

its upper threshold limit 50.5Hz even if there is no active power 

mismatch. Therefore, no NDZ will result according to the 

proposed reactive power control strategy once islanding occurs. 

In addition, that the PCC voltage rises above the rated value 

during islanding means the DG offers more active power than 

the load’s active power consumption. Thus, both the active and 

reactive power mismatches drive the frequency to go up 

according to (10) and (11), and the islanding can be detected 

rapidly.  

On the other hand, if the phase voltage at the PCC is smaller 

than the rated value during islanding, the DG reactive power 

output will have to supply more reactive power than what the 

local load needs to strengthen the trend of frequency decrease. 

The reactive power reference for the DG can be expressed as 

follows: 

 ref 1 load( )   Q k f b Q  (16) 

where b is set above the upper frequency threshold 50.5Hz to 

make Qref greater than Qload. For the same load condition shown 
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in Fig. 3 and Fig. 4, Fig. 5 illustrates the load Q-f curve and the 

proposed DG Q-f curve with b equal to 50.6. It can be inferred 

that the reactive power mismatch also always exists during 

islanding to force the frequency to drop until the frequency 

crosses the UFP threshold value. Similarly, both ∆P and ∆Q 

make the frequency decrease to accelerate the islanding 

detection in this situation. 

Moreover, one particularly interesting thing is that the 

proposed reactive power control strategy can also be used to 

regulate the PCC voltage by forcing the DG to generate 

different amounts of reactive power in grid-connected 

condition. The PCC voltage can be calculated approximately by 

the following equation [21], [26]: 

 
Grid g Grid g

PCC Grid

PCC PCC

  
P R Q X

V V
V V

 (17) 

where VGrid and Rg + jXg are the voltage of the grid and the 

equivalent line impedance at the grid side, respectively. 

According to the proposed reactive power control strategy, the 

grid has to supply reactive power for the load (QGrid > 0) when 

the voltage is monitored above the rated value. On the other 

hand, the DG will inject reactive power into the grid except for 

meeting the load’s need (QGrid < 0) if the voltage drops under 

the rated value. Thus, the PCC voltage can be regulated based 

on (17). However, the value of Qref mainly depends on the 

preset parameters k1, a, and b in grid-connection condition, so 

that QGrid is fixed and generally limited for voltage regulation. 

To regulate voltage effectively and dynamically, the voltage 

deviation at the PCC is introduced into the proposed strategy. 

The improved reactive power control strategy can be obtained 

as follows: 

 

PCC N
1 2 Load PCC N

N

ref

N PCC
1 2 Load PCC N

N

( )( ) ,

( )( ) ,

V V
k k f a Q V V

V
Q

V V
k k f b Q V V

V


     


 
     



(18) 

where k2 is also a positive value. 

Therefore, the reactive power reference provided by the 

strategy is a function of the instantaneous reactive power of the 

load, the PCC voltage and its frequency. All these parameters 

can be easily obtained and the proposed strategy can take full 

advantage of the DG by integrating fast islanding detection, 

load power factor improvement and voltage regulation. It can 

be inferred from (18) that if the voltage deviation is not large in 

grid-connected condition, |QGrid| will also be small for voltage 

regulation. Otherwise, the DG will generate much more or 

much less reactive power for the voltage improvement. What’s 

more, the strategy can guarantee the consistency of the 

frequency variation trends caused by both active and reactive 

power mismatches to accelerate the detection, and voltage 

deviation can further enlarge the reactive power mismatch to 

realize the islanding detection in less time. 

The flowchart of the proposed islanding detection algorithm 

is presented in Fig. 6. It starts by monitoring the phase voltage 

at the PCC and measuring the instantaneous Qload. The reactive 

power control strategy for the DG plays a pivotal role in the 

algorithm. The value of the reactive power reference for the DG 

 

Fig. 6.  Flowchart of the proposed algorithm. 

depends on the PCC voltage to force the frequency to deviate 

during islanding or to regulate the PCC voltage in 

grid-connected mode. If either the frequency exceeds the 

OFP/UFP threshold limits or the PCC voltage goes across the 

OVP/UVP threshold values, the islanding will be detected. 

Moreover, in order to ride through the grid disturbances, loose 

anti-islanding voltage/frequency trip settings are recommended 

[21]. Accordingly, the OVP/UVP and OFP/UFP methods will 

suffer much larger NDZs. However, the proposed strategy can 

realize the islanding detection effectively and rapidly with the 

zero NDZ property. 

IV. SIMULATION RESULTS 

In this section, several cases are simulated on the power 

systems computer-aided design (PSCAD) /EMTDC based on 

the system in Fig. 1. The main system parameters are given in 

Table I. Adopting the interface control presented in Fig. 2, the 

DG performs as a constant power source. The DG’s active 

power reference Pref is set to 200 kW and a wide variety of 

active power mismatch conditions can be created by changing 

the value of the load resistance. On the other hand, the DG uses 

the expression (18) as the reactive power reference to generate 

different amounts of reactive power depending on the measured 

PCC voltage value. The performance of the proposed islanding 

detection algorithm is tested under a wide variety of conditions. 

A.  Comparison of the Performance of the Proposed Reactive 

Power Control Strategy with Different Values of k1, k2, a and b 

To check the impact of parameter setting on the strategy 

performance, five sets of values of parameters k1, k2, a and b 

shown in Table II are used in (18) when islanding occurs. In 
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TABLE I 
PARAMETERS OF THE STUDY SYSTEM 

 parameter value 

Grid 

Voltage 400 V 

Frequency 50Hz 

Grid Resistance 0.1  

Grid Inductance 1.5915mH 

DG Inverter 

Controller 

Kp1/Ki1 0.025/2 

Kp2/Ki2 1.5/0.01 

Pref 200kW 

Load 

R 0.8 

L 2.0034mH 

C 3130.4F 

Qf 1 

TABLE II 

PARAMETER SETTING FOR DIFFERENT TEST CASES IN PART A 

Case k1 k2 a b 
∆P  
(kW) 

1 1000 0 49.2 50.6 0.1 

2 1000 0 49 50.8 0.1 

3 800 0 49.2 50.6 0.1 

4 1000 0 49.2 50.6 5 

5 1000 10000 49.2 50.6 5 

 

these five test cases, the values of the load resistance are 

adjusted to almost absorb the DG’s rated output with negligible 

0.1 kW mismatch in cases 1, 2, and 3, and to create 5 kW 

mismatch in cases 4 and 5. Therefore, the frequency deviation 

is only caused by the reactive power mismatch in the first three 

cases while the active power mismatch also contributes to the 

frequency deviation in the following two. The islanding is 

initiated at t = 0.3 s and the frequency is 50 Hz before islanding.  

Fig. 7 illustrates the increasing PCC frequencies due to the 

negative P during islanding, and Fig. 8 illustrates the dropping 

PCC frequencies because of the positive P during islanding. It 

can be noted from Fig. 7 that the islanding can be detected 

within 66.2 ms in case 1. Compared with case 1, the larger 

reactive power mismatch due to the smaller a in case 2 forces 

the frequency to deviate the upper threshold 50.5 Hz in less 

time, whereas the smaller k1 in case 3, which means the smaller 

reactive power mismatch, makes the islanding detection slower. 

Moreover, the active power mismatch always exists during 

islanding. With the same k1, k2 and a, the islanding detection 

time in case 4 is 35.4 ms which is shorter than that in case 1. 

The rapid islanding detection is due to the consistency of 

frequency variation trends caused by both active and reactive 

power mismatches. Though k2 is not set to zero in case 5, the 

detection time is almost the same as that in case 4. That is 

because the voltage deviation in both cases, which is caused by 

the active power mismatch, creates much larger reactive power 

 

Fig. 7.  PCC frequencies with the negative P during islanding. 

 

Fig. 8.  PCC frequencies with the positive P during islanding. 

mismatch and the impact of k2 on the reactive power mismatch 

is negligible. However, if the DG size or the active power 

mismatch is not large, k2 will accelerate the islanding detection 

obviously. The analysis of the dropping frequencies shown in 

Fig. 8 is the same. Therefore, the proposed reactive power 

control strategy can detect islanding effectively and rapidly. 

The strategy with larger k1, k2, b and smaller a can realize 

islanding detection in less time. 

B.  Comparison of the Performance of the Proposed Method 

with That of the Method in Reference [27] 

The islanding detection method in [27] was also designed for 

the DG generating active and reactive power simultaneously. 

According to the method, the load reactive power consumption 

was partly compensated by the DG. The reactive power 

reference for the DG could be expressed as follows: 

 ref load load 3 4( )  Q Q Q k k  (19) 

where k3 is in Mvar and k4 is per unit. Thus, the reactive power 

mismatch would force the frequency to rise for the inductive 

load and drop for the capacitive load until the frequency 

deviated outside the OFP/UFP limits. This part aims to 

compare the performance of the proposed method in this paper 

with that of the method mentioned above.  

The load reactive power consumption is 96.86 kVar during 

normal operation in Part A (The load's power factor is equal to 

0.9 at 50 Hz with the rated active power 200 kW). It can also be 

65.74 kVar (p.f. = 0.95) and 20 kVar (p.f. = 0.995) by adjusting 

the load inductance. All these three kinds of load conditions are 

analyzed to check the impact of the load reactive power 

consumption on the performance of the proposed method in this 

paper and the method in [27]. For each load condition, four 
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TABLE III 
PARAMETER SETTING FOR DIFFERENT TEST CASES IN PART B 

Case k1 k2 a b 
k3 

(Mvar) 
k4 

∆P  
(kW) 

I 1000 0 49.2 50.6 -- -- -0.1 

II -- -- -- -- 0.005 0.01 -0.1 

III -- -- -- -- 0.005 0.01 -5 

IV -- -- -- -- 0.005 0.01 5 

 

cases are simulated. The parameters for these test cases are 

shown in Table III. The impact of both parameter setting and 

the active power mismatch on the proposed method has been 

illustrated in Part A. Therefore, only case I is utilized to 

compare the performance of the proposed method with that of 

the method in [27]. The other three cases are all designed to 

evaluate the performance of the method in [27] with different 

active power mismatches. For the load consuming reactive 

power 96.86 kVar, the value of parameter k4 is set to 0.01 to 

guarantee that the grid injects almost the same amounts of 

reactive power during normal operation for both methods. For 

the other two load conditions, the value of the parameter k4 is 

still 0.01 to analyze the performance of the method in [27] 

under different load conditions. 

Fig. 9, Fig. 10, and Fig. 11 illustrate the PCC frequencies for 

the four test cases under three different load conditions, 

respectively. As analyzed before, the frequency variation trends 

caused by active and reactive power mismatches are opposite in 

some cases. It can be seen from the three figures that the 

negative P can accelerate the detection and the positive P 

makes the detection slow according to the method in [27]. 

However, the proposed method in this paper can make sure that 

the frequency variation trends caused by active and reactive 

power mismatches are same during islanding, thus detecting 

islanding rapidly. The performance is shown in Part A. In 

addition, it can be seen from Fig.9 that islanding can be 

detected within 82.7 ms according to the method in [27] when 

the load consumes reactive power 96.86 kVar during normal 

operation. The islanding detection time is 98.9 ms and 301.3 ms 

respectively for the other two load conditions. The reactive 

power mismatch is dependent on the load reactive power 

consumption. Therefore, the detection becomes slow when the 

load consumes little reactive power. On the other hand, the 

reactive power mismatch created by the proposed method in 

this paper is irrelevant to the load reactive power consumption. 

It can be seen from the three figures that the islanding can 

always be detected within a little more than 60 ms. If loose 

anti-islanding voltage/frequency trip thresholds are set to ride 

through the grid disturbances, the detection time according to 

the proposed method in this paper will be much shorter than 

that based on the method in [27]. 

C.  Extreme Frequency and Load Imbalance conditions 

In the extreme circumstances where the frequencies are just 

the allowable threshold values before islanding, the islanding 

detection will be slower because of the wider frequency span. 

Test cases 1 and 4 in Part A are utilized to analyze these 

 

Fig. 9.  PCC frequencies for the load normally consuming reactive power 96.86 

kVar. 

 

Fig. 10.  PCC frequencies for the load normally consuming reactive power 

65.74 kVar. 

 

Fig. 11.  PCC frequencies for the load normally consuming reactive power 20 

kVar. 

conditions. It can be seen from Fig. 12 that the islanding can be 

detected within 278.4 ms when the PCC voltage is above the 

rated value in case 1. As for case 4, the detection time is 157.8 

ms due to the effort of the active power mismatch. Fig. 13 

presents the PCC frequencies in both cases when the PCC 

voltage is below the rated value during islanding. Therefore, 

even in the extreme circumstances, the detection time is much 

less than the specified 2 s given in the IEEE Std.1547. As tested 

in Part A, the islanding detection can also be accelerated by 

adjusting the reactive power control parameters. 

As presented in [12], the load imbalance is simulated by 

varying the load phase resistances. Three cases are considered: 

1) In case A, only the resistance of phase a is set to 97% of its 

rated value; 2) In case B, only the resistance of phase c is set to 
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Fig. 12.  PCC frequencies for case 1 and case 4 with the system frequency equal 

to 49.3 Hz before islanding. 

 

Fig. 13.  PCC frequencies for case 1 and case 4 with the system frequency equal 

to 50.5 Hz before islanding. 

 

Fig. 14.  PCC frequencies for three load imbalance cases. 

103% of its rated value; 3) In case C, resistances of phase a and 

phase c are set at 97% and 103% of the rated value. The values 

of the reactive power control parameters are the same as those 

in case 1. Fig. 14 illustrates the PCC frequencies that all deviate 

outside the thresholds for the three cases. Therefore, the 

proposed strategy is capable of detecting islanding effectively 

for load imbalance conditions as well. 

D.  Performance of the Voltage Regulation in Grid-connected 

Mode 

The performance of the proposed reactive power control 

strategy to regulate the PCC voltage is tested in this part. To 

illustrate it clearly, the tests with the DG operating at a unity 

power factor, fully compensating the load and equipped with 

the reactive power reference proposed in [27] are conducted as 

well for comparison. The DG keeps operating in 

grid-connected mode during the simulation. The undervoltage 

 

Fig. 15.  Per-unit values of the PCC voltage with the proposed reactive power 

strategy and the DG operating at a unity power factor. 

 

Fig. 16.  Per-unit values of the PCC voltage with the proposed reactive power 

strategy and the DG fully compensating the load. 

 

Fig. 17.  Per-unit values of the PCC voltage with the proposed reactive power 

strategy and the method in [27]. 

or overvoltage at the PCC is simulated by changing the 

three-phase source voltage (0.88 p.u. and 1.1 p.u. respectively) 

and is initiated at t = 0.3s. According to the proposed strategy, 

the rated value of the PCC voltage is a little smaller than 230V 

(the value of the grid phase voltage) and it is set to 228.3 V. 

Parameters k1, k2 and k4 are set to 5000, 10000 and 0.04, 

respectively. According to the proposed strategy and the 

method in [27], the grid injects almost the same amounts of 

reactive power before the voltage changes. 

When the DG operates at a unity power factor, the grid has to 

supply reactive power for the load and the PCC voltage drops 

according to (17). On the other hand, the value of the PCC 

voltage will keep the same with that of the grid voltage because 

there is no energy loss on the line impedance, and the load 
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power factor will be improved to unity if the DG fully 

compensates the load power. However, the voltage regulation 

ability only relies on the limited power flow through the line 

impedance when the grid suffers undervoltage/overvoltage. In 

addition, the islanding detection suffers a large NDZ with this 

strategy. As shown in Fig. 15 and Fig. 16, the PCC voltage 

profile according to the proposed reactive power control 

strategy is much improved compared with those based on above 

two strategies. According to the method in [27], the DG 

compensates part of the load reactive power consumption. 

Therefore, the PCC voltage profile can be improved when the 

grid suffers overvoltage. However, the method has a negative 

effect on the voltage regulation when the grid suffers 

undervoltage and it may make the PCC voltage even lower 

according to (17). It can be seen from Fig.17 that: 1) When the 

grid operates normally or suffers overvoltage, the PCC voltages 

are almost the same according to the proposed strategy in this 

paper and that in [27]. It is because almost the same amounts of 

reactive power are supplied from the DG. 2) When the grid 

suffers undervoltage, the proposed strategy in this paper 

performs much better on the voltage regulation than that in [27]. 

Therefore, the proposed strategy can control the DG to generate 

different amounts of reactive power to improve the PCC 

voltage profile dynamically.  

E.  Multiple-DG Operation 

This part presents the performance of the proposed islanding 

detection algorithm, which is tested on the system with an 

additional DG. Both DGs are still under constant power control 

during the detection because whether the islanding occurs or 

not is unknown. For multiple-DG operation, there are two 

possible modes of connection between DGs and the local load 

shown in Fig. 18: 1) Both DGs connect with their own local 

load respectively and then connect together at the PCC 

(Mode1); 2) Both DGs connect together with a centralized load 

at the PCC (Mode2). As for the connection mode 2, when the 

instantaneous reactive power of the centralized load is acquired 

as Qload, the proposed reactive power control strategy for each 

DG should be modified as follows to detect islanding and 

regulate the voltage: 

 

PCC N Load
1 2 PCC N

N

ref

N PCC Load
1 2 PCC N

N

( )( ) ,

( )( ) ,

V V Q
k k f a V V

V n
Q

V V Q
k k f b V V

V n


     


 
     



(20) 

where n is the number of DGs. The active power mismatch will 

double during islanding in both connection modes, but the 

voltage deviation is still the same as that in the single-DG 

operation condition according to (6). Therefore, the NDZ of the 

OVP/UVP detection method is unchanged with a large number 

of DGs, and the key concern is to check whether the frequency 

will deviate outside the OFP/UFP limits as well with the 

proposed reactive power control strategy.  

Load resistance has to be adjusted to eliminate the impact of 

the active power mismatch: 1) In connection mode 1, each local 

load resistance is adjusted to almost consume the DG’s rated 

active power 200 kW with negligible 0.1 kW mismatch; 2) In 

 

(a) 

 

(b) 

Fig. 18.  Two possible connection modes between DGs and the local load. (a) 

Connection mode 1. (b) Connection mode 2. 

 

Fig. 19.  PCC frequencies with the proposed reactive power control strategy in 

both connection modes. 

connection mode 2, the concentrated load resistance is 

regulated to approximately absorb 400 kW with negligible 0.2 

kW mismatch. With the proposed algorithm, Fig. 19 presents 

the PCC frequencies in the both connection modes. It can be 

seen that both DGs lose stability. In addition, the islanding can 

be detected within the same detection time 66.4ms and 115.8ms 

respectively based on the PCC voltage. That is because the 

reactive power mismatches in both modes are same during 

islanding owing to the same reactive power control parameters. 

In conclusion, the proposed islanding algorithm can also 

detect islanding rapidly when applied to multiple-DG operation 

in different connection modes. Moreover, the detection time 

will be further shortened when the PCC voltage varies due to 

the active power mismatch. The connection mode 2 also 

supplies a method to provide sufficient reactive power by 

offering the needed reactive power from several DGs. Thus, the 

DGs in this connection mode will perform much better in 

islanding detection and voltage regulation with more sufficient 

reactive power generation. 

V.  CONCLUSION 

The inverter-based DG can generate both active and reactive 
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power simultaneously under constant power control. For the 

DG of this kind, this paper analyzes the relationship between 

the active/reactive power mismatch and frequency deviation 

respectively during islanding. This paper also presents an 

innovative islanding detection algorithm for the DG based on 

reactive power control. In this algorithm, the large voltage 

deviation due to the sufficient active power mismatch is utilized 

to detect islanding rapidly according to the OVP/UVP method. 

To eliminate the NDZ caused by the active power mismatch 

and detect islanding rapidly, a reactive power control strategy 

for the DG is proposed to force the frequency to deviate outside 

the OFP/UFP limits during islanding. Wherever an islanding 

condition occurs between 49.3 Hz and 50.5 Hz, there will be the 

reactive power mismatch according to the strategy. With the 

frequency changing, the mismatch becomes sufficient to drive 

the frequency to deviate outside the thresholds eventually. 

Therefore, the OFP/UFP method has the zero NDZ property for 

the DG equipped with the proposed strategy. Moreover, the 

reactive power reference for the DG depends on the PCC 

voltage value that is determined by the active power mismatch 

during islanding. The consistency of the frequency variation 

trends caused by both active and reactive power mismatches is 

guaranteed to accelerate the islanding detection speed. 

Simulation results verify that the proposed algorithm can detect 

islanding rapidly.  

By introducing the voltage deviation into the strategy, the 

DG can also dynamically improve the PCC voltage profile 

especially for the grid with high Xg/Rg lines during normal 

operation. The islanding detection time is further shortened as 

well because of the larger reactive power mismatch. 

Furthermore, the proposed islanding detection algorithm also 

performs effectively for load imbalance conditions as well as 

for the system with multiple DGs. 

APPENDIX 

A. Derivation of the Relationship between ∆P and ∆f 

Since the DG is controlled as a constant power source, ∆P 

can be created during islanding by adjusting the value of the 

load resistance. As mentioned in Section I, when the DG is 

connected to the utility grid, equation (3) describes the active 

power consumed by the RLC load. Once islanding occurs, the 

grid no longer supplies power for the load and the PCC voltage 

changes due to the active power ∆P. The load active power 

consumption after islanding can be expressed as follows: 

 
 

2

PCC

Load DG

(1 )
3


 

V V
P P

R
 (21) 

The value of ∆P is equal to that of PGrid according to the 

definition before. Therefore, the following equation can be 

obtained according to (3) and (21): 

 
 

DG DG

2 2

PCC PCC (1 )

 


 

P P P

V V V
 (22) 

This part attempts to analyze the relationship between ∆P 

and ∆f during islanding. Therefore, QLoad is assumed to be equal 

to QDG before islanding and the value of QDG can be expressed 

as follows: 

 2

DG PCC

1
3 ( 2 )

2



 Q V fC

fL
 (23) 

Since the DG is controlled as a constant power source, QDG 

will be the same value after islanding. However, when 

islanding occurs, the PCC voltage deviation, which is caused by 

∆P, makes QLoad change. Thus, the reactive power mismatch 

exists because of the active power mismatch and the frequency 

is forced to deviate to make QLoad equal to QDG. The value of 

QLoad after islanding can be expressed as follows: 

  
2

Load PCC

1
3 (1 ) ( 2 ( ) )

2 ( )



   


Q V V f f C

f f L
(24)  

Then, the following equation can be obtained from (22), (23), 

and (24): 
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Therefore, ∆P can be expressed approximately as (10) in 

terms of ∆f. 

B. Derivation of the Relationship between ∆Q and ∆f 

This part attempts to analyze the relationship between ∆Q 

and ∆f during islanding. Thus, PLoad is set to be equal to PDG 

before islanding. Since the DG is controlled as a constant power 

source, ∆Q can be created by adjusting the value of the load 

inductance or/and capacitance. As mentioned in Section II, 

when the DG is connected to the utility grid, equation (4) 

describes the reactive power consumed by the RLC load. The 

value of ∆Q is equal to that of QGrid according to the definition 

before. Therefore, the load reactive power consumption before 

islanding can be expressed in terms of ∆Q as follows: 

 
2

Load DG PCC

1
3 ( 2 )

2



   Q Q Q V fC

fL
 (26) 

Once islanding occurs, the PCC voltage remains the rated 

value because there is no active power mismatch. On the other 

hand, the load reactive power consumption is only 

compensated by the QDG. Therefore, the reactive power 

mismatch forces the frequency to deviate until QLoad is equal to 

QDG. The load reactive power consumption after islanding can 

be expressed as follows: 

 
2

Load DG PCC

1
3 ( 2 ( ) )

2 ( )



   


Q Q V f f C

f f L
 (27) 

Then, the following equation can be obtained from (26) and 

(27): 
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 (28)  

Therefore, ∆Q can be expressed approximately as (11) in 

terms of ∆f. 
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