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Abstract — As the grid-connected photovoltaic power 
conditioning systems (PVPCS) are installed in many residential 
areas, this has raised potential problems of network protection on 
electrical power system. One of the numerous problems is an 
Island phenomenon. There has been an argument that because 
the probability of islanding is extremely low it may be a non-issue 
in practice. However, there are three counter-arguments: First, 
the low probability of islanding is based on the assumption of 
100% power matching between the PVPCS and the islanded local 
loads. In fact, an island can be easily formed even without 100% 
power matching (the power mismatch could be up to 30% if only 
traditional protections are used, e.g. under/over 
voltage/frequency). The 30% power-mismatch condition will 
drastically increase the islanding probability. Second, even with a 
larger power mismatch, the time for voltage or frequency to 
deviate sufficient to cause a trip, plus the time required to execute 
the trip (particularly if conventional switchgear is required to 
operate), can easily be greater than the typical re-close time on 
the distribution circuit. And, third, the low-probability argument 
is based on the study of PVPCS. Especially, if the output power 
of PVPCS equals to power consumption of local loads, it is very 
difficult for the PVPCS to sustain the voltage and frequency in an 
island. Unintentional islanding of PVPCS may result in power-
quality issues, interference to grid-protection devices, equipment 
damage, and even personnel safety hazards. So the verification of 
anti-islanding performance is strongly needed. 

In this paper, the authors propose the improved RPV method 
through  considering power quality and anti-islanding capacity of 
grid-connected three-phase PVPCS in IEEE Std 1547 (“Standard 
for Interconnecting Distributed Resources to Electric Power 
Systems”). And the simulation and experimental results are 
verified. 

I. INSTRODUCTION 

As the grid-connected photovoltaic power conditioning 
systems (PVPCS) are installed in many residential areas, this 
has raised potential problems of network protection on 
electrical power system. One of the numerous problems is an 
Island phenomenon. There has been an argument that because 
the probability of islanding is extremely low it may be a non-
issue in practice. However, there are three counter-arguments: 
First, the low probability of islanding is based on the 
assumption of 100% power matching between the PVPCS and 
the islanded local loads. In fact, an island can be easily formed 
even without 100% power matching (the power mismatch 
could be up to 30% if only traditional protections are used, e.g. 
under/over voltage/frequency). The 30% power-mismatch 
condition will drastically increase the islanding probability. 

Second, even with a larger power mismatch, the time for 
voltage or frequency to deviate sufficient to cause a trip, plus 
the time required to execute the trip (particularly if 
conventional switchgear is required to operate), can easily be 
greater than the typical re-close time on the distribution circuit. 
And, third, the low-probability argument is based on the study 
of PVPCS. Especially, if the output power of PVPCS equals to 
power consumption of local loads, it is very difficult for the 
PVPCS to sustain the voltage and frequency in an island. 
Unintentional islanding of PVPCS may result in power-quality 
issues, interference to grid-protection devices, equipment 
damage, and even personnel safety hazards. So the verification 
of anti-islanding performance is strongly needed. 

They are classified as passive islanding detection 
techniques. Their ability of islanding detection is not 
guaranteed for all load conditions, especially for source-load 
balanced conditions. As a result, active islanding detection 
techniques are invented for enhancement. One simple active 
technique is the active frequency drift positive feedback 
(AFDPF) method. When the utility is disconnected, phase 
difference between the terminal voltage and the output current 
of a PV PCS depends on the load. It is detected by the internal 
phase-locked-loop (PLL) circuitry. To eliminate the phase 
difference, the frequency of PCS output current is forced to 
drift up or down. The intension is to make the frequency of the 
terminal voltage deviate from its nominal value until OFR or 
UFR is triggered [1]. Another is output power variation 
technique. There are two classified techniques at variation of 
active power and reactive power. The PVPCS deliberately 
introduces periodic variations in its power output and monitors 
the response of the parameters voltage, current and frequency. 
If the grid is stable the parameters will hardly change at all 
while in an islanding situation the effects of power variation 
can be clearly detected. This method works very well for a 
single inverter as the number of independent power producers 
in the grid increases, the reliability of islanding detection 
decreases. This is because the independent generators usually 
do not communicate. While one inverter is in its power 
variation phase all the others might stabilize voltage and 
frequency so that no change can be detected. A coordinated 
timing (i.e. all inverters vary their power output at the same 
time in the same manner) might eliminate this problem [5]. So, 
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of grid-connected three-phase PVPCS in IEEE Std 1547 
(“Standard for Interconnecting Distributed Resources to 
Electric Power Systems”). And the simulation results are 
verified. 
 

II. PVPCS SWITCHING MODEL WITH ANTI-ISLANDING 
CONTROL 

The specifications of the three-phase PVPCS being modeled 
are listed in Table 1. The inverter is based on a grid-connected 
Inverter. There are two reasons for using a three-phase 
inverter to demonstrate the concept proposed by this work. 
First, it is close to a commercial product offering, so it is 
easier for technology transfer. Second, although previously the 
majority of grid-connected inverters were single-phase, mainly 
for PV applications, more and more new PV system tend to 
use three-phase PVPCS as grid interface. Therefore, the 
technology for three-phase inverter is gaining more and more 
practical value. 

Generally, the overall power-conditioning system includes 
front-end conversion and regulation, for example, DC/DC 
conversion for prime movers with DC output (e.g., fuel cell, 
PV), or AC/DC conversion for prime movers with AC output 
(e.g. micro-turbines, sterling engines). They may have an 
energy-management system, such as a battery charger, at the 
DC bus. In either case, the input to the inverter is a regulated 
DC source. To simplify the discussion, the front end DC/DC 
or AC/DC converters are not modeled in the simulation. In the 
models, the input to the inverter is simplified as a DC voltage 
source. 

 
TABLE I 

DATA FOR THE PVPCS, RLC LOAD, GRID. 
 

PVPCS    
fs 10,000 Hz Switching frequency 

Vdc 450 V Input DC bus voltage 
Lf 3E-03 H Output inductance 
Cf 20E-06 F Output capacitance 
Vac 220 Vrms Line-to-line voltage 
P 10000 W Rated power 

    
RLC load    

R 14.1376 Ω Resistance 

L 37.49E-3 H Inductance 
C 187.62E-6 F Capacitance 

   IEEE Std. 1547 
Qf 1  Load quality factor 

f_load 60 Hz Load resonant frequency 
Grid    

f 60 Hz Grid frequency 
Vac 220 V Line-to-line voltage 

 
 
Fig. 1 shows the PVPCS, RLC load, and grid system 

diagram with the inverter being modeled as a switching model. 

And fig. 2 shows PSIM Scheme of PVPCS, RLC load, and 
grid. The switching devices used for the inverter are insulated 
gate bipolar transistors (IGBTs). In PSIM, IGBTs can be 
modeled as ideal on/off switches that represent the inverter 
discrete switching behaviors. The controller used in the PSIM 
model (DLL: dynamic link library) is based on actual 
production code in C language. The code includes all the 
sensing functions, scaling and quantization. This way, once 
the new algorithms are coded and simulated, the same code 
can be readily compiled and loaded to the hardware for testing. 

 
 

 
Fig. 1. PVPCS switching model with RLC load and Grid. 

 
 

 
Fig. 2. PSIM Scheme of PVPCS, RLC load, Grid. 

 
 

 
Fig 3. Without anti-islanding control 



 

 
In this paper, the authors research the improved anti-

islanding method for RPV (reactive power variation). Fig. 1 
shows one of the frequency feedback schemes, from Δf to 
Idref (output current value of the reactive power). The scheme 
is implemented with the highlighted (red) path — f (frequency 
of grid voltage by 10 kHz sampling frequency) is passed by a 
FC (frequency comparator), a gain and becomes a current 
variation Δi adding to the Idref. Idref value measured 3% of 
Iqref (output current value of the active power) for anti-
islanding. 
 
 

 
Fig. 4. With anti-islanding control 

 

III. SIMULATION RESULT 
The inverter switching model is used for the time-domain 

simulations. The switching model not only demonstrates the 
system behaviors, it also provides waveform-quality 
information, e.g. total harmonic distortion (THD). Besides, the 
code used in the switching model is based on the code for the 
actual hardware. Therefore, the simulations can help optimize 
the parameter settings for experiments and guide the 
experimental testing. For all simulation, the inverter AI 
function is enabled at 1.2 s and the grid is disconnected at 0.7 
s. Before testing the effectiveness of the proposed anti-
islanding schemes, a case without AI is simulated, as shown in 
Fig. 3. The PVPCS is operating at 10 kW. The load quality 
factor is 1. With close generation/load matching, the inverter 
can easily run on with voltage and frequency at nominal 
ranges. Fig. 4 shows the AI case the same power level and 
load quality-factor conditions. It can be seen that the 
frequency (Fig. 4, middle trace) becomes unstable after 
islanding. The feedback output, Δi (Fig. 1) is dynamically 
driving the change in inverter output current that leads to 
frequency change. This detection of the islanding can be over 
frequency.  

 

IV. CONCLUSION 
This paper showed digital PLL applied to RPV feedback 

method, which is one of the active methods to detect islanding 
phenomenon, and implemented simulation under IEEE Std 
929-2000 islanding prevention test. As a result, Improved 
RPV AI method has effectiveness in PVPCS for Output power 
quality such as THD and power factor. 

For further work will be necessary. As islanding is still a 
very controversial topic there are many open questions. To 
reach an international consensus the following aspects have to 
be clarified: Definition of voltage and frequency limits for the 
operation of PV PCS, Definition of the allowable duration of 
islanding, Definition of a standard test method for islanding-
prevention devices. 

A valuable basis for further work and guidelines would be a 
probability analysis. Starting from real load patterns at low 
voltage distribution lines an investigation could determine the 
theoretical probability of islanding and the possible duration 
of such a condition. Such a study could act as a sound basis 
from which anti-islanding guidelines reflecting the real 
dangers could be derived. As the technical problem is 
absolutely identical everywhere in the world there should be 
no obstacle to a common approach. However, some 
pragmatism will be necessary to overcome the different safety 
philosophy which dictates widely different solutions at this 
moment. 

 

REFERENCES 
[1] G.J. Yu, K.O. Lee, J.Y. Choi, “Market Trend for PV System”, Journal of 

the KARSE, vol. 23, Issue 1, pp.83~90, January, 2006. 
[2]  IEEE Standard for Interconnecting Distributed Resources with Electric 

Power Systems, IEEE Std 1547, 28 July 2003. 
[3] M. E. Ropp, “DESIGN ISSUES FOR GRID-CONNECTED 

PHOTOVOLTAIC SYSTEMS,” Doctoral Thesis, Georgia Institute of 
Technology, Atlanta, GA, October 12, 1998. 

[4] Zhihong Ye, Amol Kolwlker, Yu Zhang, Pengwei Du, Reigh Walling, 
"Evaluation of Anti-Islanding Schemes Based on Nondetection Zone 
Concept," IEEE Trans. on Power Electronics, Vol. 19, No. 5, Sep. 2004. 

[5] IEA Task V, Report IEA PVPS T5-01:1998, December, 1998. 
 


	I. Instroduction 
	II. PVPCS Switching Model with Anti-Islanding Control 
	III. Simulation result 
	IV. Conclusion 

