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Abstract- Renewable energy sources (RES) are constantly evolving nowadays due to the ever-increasing energy needs and the 

depletion of fossil fuel reserves. This, together with power quality problems, has led to the development of photovoltaic-based 

shunt active power filter (PV-SAPF) systems. However, the performance of these systems is linked to the control strategy 

used. Hence, to enable the PV system to perform the functions of power quality improvement, load supply, low THD current 

injection into the grid, and to avoid damage to connected loads during islanding operation, this paper proposes a control 

strategy for PV-SAPF in islanding operation. This control strategy is based on the optimal operating point tracking of the PV 

system. Multi-variable filter harmonic identification method is used for the determination of the harmonic and fundamental 

components of the reference currents of the grid-connected inverter. The islanding algorithm is used to detect a voluntary or 

involuntary disconnection from the grid. The performances of the proposed control strategy are evaluated for different 

operating scenarios by numerical simulations performed in MATLAB/Simulink software. The simulation results obtained 

show the good adaptation of the system in the different operating scenarios with harmonic distortion rates lower than the 5% 

recommended by the IEEE Std. 519-2014 standard, even during islanding. The responsiveness of the proposed control strategy 

is observed with the adaptation of the modulation coefficients of the fundamental components of the reference currents in the 

different operating modes. 
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1. Introduction 

The demand for electrical energy from both household 

and industrial users is increasing, especially in developing 

countries [1]. This situation increases the already huge deficit 

between supply and demand, which is increasingly subject to 

environmental protection constraints [2]. The depletion of 

greenhouse gas emitting fossil fuels has forced governments 

to look at the energy potential of RES such as solar 

photovoltaic, wind turbine, fuel cells or biomass [3-4]. 

Among these RES, the development of the photovoltaic 

energy sector with 145 GWdc installed in 2020 [5], is a 

reason of the particular interest of researchers in this RES. 

Indeed, solar photovoltaic energy has great potential as an 

alternative energy resource to fossil fuels and is one of most 

promising due to energy free, clean, inexhaustible, easy 

conversion process, free-noise, sustainable and global 

availability [6-7]. Thus, for several decades, many works 

have been published on photovoltaic power generation [8-9], 

on low-THD current injection in grid-connected PV systems 

[10], parameters estimation of PV systems [11], optimal grid 

integration of PV systems [12], multi-source PV systems 

[13], maximum power point tracking [14] and power quality 

improvement [15]. 

Over the last decade, among these different applications 

of the PV system, power quality improvement is one of the 

most popular and promising concern. Indeed, the 

interconnection of the PV system via the power electronics 

converters to the grid must meet the requirements of the 

standard in terms of voltage magnitude, frequency and 

current harmonics. However, the dependence of the energy 

produced on weather conditions leads to the appearance of 

current and voltage harmonics in the grid [16]. In addition to 

the problem of harmonic currents injected by the PV system, 

the proliferation of power electronics-based equipment and 

non-linear loads connected to the grid that absorb no 

sinusoidal currents make harmonic currents a major power 

quality problem [17]. These harmonics are the cause of 

problems encountered by loads connected to the grid, such as 

disturbances in electronic equipment or motor malfunctions 

[18-20]. In order to eliminate harmonics and maintain power 

quality in the IEEE Std. 519-2014 [21], several solutions are 

recommended [22]. Traditional solutions mainly include 

shunt passive filters that are sized for a specific frequency 

[23]. Furthermore, the dynamic character of the harmonics 

constitutes a limit to the performances of the passive 

solutions. To avoid this limitation and eliminate random 

harmonic currents, modern solutions including mainly shunt 

active filters have been proposed [24-26]. In order to perform 

its power quality function, the PV system is combined with 

an active power filter. In this topology called photovoltaic-

based shunt active power filter (PV-SAPF), the PV system 

performs with the load supply and low-THD current 

injection into the grid functions in addition to the power 

quality function [27-28]. 

In last decade, several control strategies have been 

proposed in literature for PV-SAPF system such as direct 

power control [29-30], instantaneous active and reactive 

powers theory [31-32], synchronous reference frame theory 

[33], artificial neural network [34-35], fuzzy logic [36-37] or 

model predictive control [38]. These control strategies use 

harmonic identification methods that depend on the grid 

voltage. This consideration is not a problem in the case 

where the grid is present and the results obtained in this work 

show this sufficiently. This study hypothesis takes us away 

from the reality of developing countries where a voluntary or 

accidental disconnection of the grid can occur, resulting in 

islanding operation. In such a scenario, the implementation 

of a control strategy that ensures the continuity of the load 

supply from the PV system is mandatory. Many researchers 

have studied this problem and have proposed several control 

strategies for this purpose. In [39], a robust control strategy 

providing seamless transition from islanded to grid-

connected mode and vice versa of a grid-connected PV 

system is proposed. In grid-connected mode, the Advanced 

Robust Normalized Sign Shrinkage based control algorithm 

provides load reactive power compensation and harmonic 

elimination with unity power factor operation. In standalone 

mode, the resonant proportional controller and fast Fourier 

transform phase-locked loop ensure that the non-linear load 

is supplied with good quality voltage without interruption. In 

[40], a controller is proposed to provide both grid-connected 

and islanded mode. In this work in addition to the PV 

system, a battery and a diesel generator are used to minimize 

the fluctuation, help the microgrid ride-through the fault and 

controls the frequency and voltage in isochronous mode. In 

addition to the complexity of the system proposed by the 

authors, the study does not consider the elimination of 

harmonics on the grid side that could be caused by non-linear 

loads. An optimal coordinated performance strategy for 

power electronic converters under grid and island operating 

conditions for hybrid microgrid power management is 

proposed in [41]. Input-output feedback linearization and 

sliding mode controller (SMC) are implemented and 

proposed by the authors for this purpose. In this work, the 

PV system is considered as an independent power source that 

requires a grid synchronization strategy in connected mode 

and another control strategy in isolated mode to ensure the 

continuity of power supply to loads. The power quality 

aspect, including harmonic elimination, reactive power 

compensation and power factor improvement on the grid side 

in connected mode, is not considered in some cases and in 

others requires an additional active filter. All this makes the 

system complex.  

In In this paper, a control strategy taking into account the 

islanded mode is proposed for the configuration where the 

PV system is connected to the grid through an active shunt 

power filter. A robust control of a PV-SAPF in islanding 

operation based on a new reference currents determination 

strategy is proposed. This control strategy will allow the PV 

system to perform the functions of partial or full load supply, 

harmonic elimination, low-THD current injection into the 

grid and to avoid damage to connected loads during islanding 

operation. The proposed strategy control is based on MVF 

harmonic identification method, which is independent of 

voltage grid, on the islanding detection algorithm, and on 

load shedding algorithm proposed of Kenfack et al. [42].  

Based on the principle of optimal operating point tracking of 

PV system, it allows to remove the maximum power 
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extraction DC/DC converter. In summary, the two 

contributions of this work, are: 

➢ The simplification of the PV-SAPF system structure 

achieved by removing the maximum power extraction 

DC/DC converter; 

➢ The proposal of a control strategy to ensure the 

functioning of the system in case of islanding. 

The remaining part of this paper is organized as follows: 

In section 2, the description of PV-SAPF system is done. 

Then, the control strategy proposed is described in section 3. 

The performance of control strategy proposed illustrated by 

numerical simulations in MATLAB/Simulink software are 

presented in section 4. Finally, section 5 concludes the paper. 

2. Systems Modelling and Description 

The system studied in this work is a PV-based SAPF, 

where the PV system is connected to the grid through a 

SAPF. In this configuration, the grid-connected inverter is 

controlled to allow the PV system to perform the functions of 

power quality, load supply and grid injection of low-THD 

current. In Fig. 1, the functional components are presented. 

The system consists of the PV system interfaced to the grid 

via a DC/AC converter, the control block, and the non-linear 

and linear loads. The reference currents of the grid-connected 

inverter are provided by the control strategy and the power 

switches control pulses by the sliding mode controller. The 

islanding block detects the disconnection from the grid and 

load shedding is used for load regulation in islanding 

operation in case of underproduction of the PV system. The 

adaptive algorithm is used to shift the operating point of the 

PV system. 

 

Fig. 1. Block diagram of PV-SAPF studied. 

 

2.1. Modelling of the PV System 

The PV system consists of several solar panels 

connected in series and/or parallel. Each panel consists of 

several cells connected in the same way. Fig. 2 shows the 

equivalent electrical circuit of a solar cell. Its consist of a 

perfect current source phI , in parallel with a diode D  and a 

shunt resistor ShR  crossed respectively by currents DI  et pI , 

the whole in series with a resistor SR . The cell supplies the 

load with a current pvI  at a voltage pvV . 

 

Fig. 2. Solar cell equivalent model [43]. 

The output current of solar cell is given by the following 

expression [43]: 

 
( )

exp 1
pv s pv pv s pv

pv ph s

b sh
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Where 

➢ sI , rsI  and scrI  are respectively diode saturation 

current, diode saturation current at reference temperature and 

short-circuit current of PV module at standard test condition; 

➢ 
pvV  and ocV  are respectively output voltage of PV 

cell and open-circuit voltage; 

➢ 
gE  is silicon gap energy of semiconductor; 

➢ T  and rT  are respectively cell and reference 

temperature; 

➢ G  and rG  are respectively solar and reference 

irradiation; 

➢ q , n , bK  and ik  are respectively electron’s charge, 

diode ideality coefficient, Boltzmann’s constant and 

temperature coefficient of short-circuit. 

For SN  cells in series, and PN  branches in parallel, the 

characteristic equation of a PV module is delivered as below 

[44]: 

 
( )

exp 1
pv s pv pv s pv

pv p ph p s

s b sh

q V R I V R I
I N I N I

N nK T R

  + +
  = − − −

  
  

(2) 

2.2. Modelling of a SAPF 

The structure of two-level three-phase three-wire SAPF 

used in this paper is shown in Fig. 3. This structure consists 

of a three-phase, two-level inverter with 6 bi-directional 

power switches in current, a DC voltage source and a 

coupling filter serving as an interface between the DC/AC 

converter and the rest of the system. 

The non-linear mathematical model can be described in the 

three-phase reference frame as follows [26]: 

 

Fa

F F Fa Fa Grida

Fb

F F Fb Fb Gridb

Fc

F F Fc Fc Gridc

di
L R i v v

dt

di
L R i v v

dt

di
L R i v v

dt


= − + −




= − + −



= − + −


 (3) 

 

Fig. 3. SAPF structure [26]. 

In PV-SAPF configuration, the DC supplying is ensured by 

the PV system connected through a capacitor. 

2.3. Control Block 

The control block consists of the following elements: 

➢ The harmonic identification method for reference 

currents components extraction; 

➢ Sliding mode controller for the generation of 

switches control pulses of grid-connected inverter; 

➢ The islanding block for detection of grid 

disconnection; 

➢ Load shedding for load regulation in islanding 

operation in case of underproduction of the PV system; 

➢ Adaptive algorithm for shifting the operating point 

of the PV system. 

2.3.1. Islanding Detection Method 

The islanding detection method is based on the THD of 

the voltage at the PCC and the amplitude of grid current. 

Assuming that the grid is perfect and that only current 

harmonics are generated by the load, in normal operation the 

voltage at the PCC is perfectly sinusoidal with a THD close 

to 0%. In case of islanding this voltage is distorted and its 

THD increases considerably. The amplitude of the grid 

current is associated with the THD of the voltage at the PCC 

to make the algorithm robust. This amplitude is compared to 

an experimentally determined threshold value. Fig. 4 shows 

the proposed islanding algorithm. 
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Fig. 4. Islanding detection method proposed. 

2.1.1. Loads Shedding Method 

The method of load shedding used in this paper is the 

one proposed in [42]. The loads shedding is used in case of 

underproduction of PV system in islanding operation. This 

method is based on the matches of apparent powers of loads 

with the one available in the PV system to determine the 

loads to be disconnected. The Fig. 5 shows the flow chart of 

loads shedding method for three loads. 

 

Fig. 5. Load shedding method [42]. 

In the flow chart of tmethod: 

➢ I1, I2 and I3 are the currents drawn by Loads 1, 2 and 

3. 

➢ VPCC is the voltage at the PCC.  

➢ S1, S2, and S3 are the apparent powers of loads 1, 2, 

and 3. 

➢ SD is the apparent power produced by PV system.  

3. Control Strategy Proposed 

This section presents the principle of the proposed 

control strategy, its application with the MVF harmonic 

identification method and the proposed adaptive algorithm 

for shifting the PV system operating point. As the control of 

the SAPF is indirect, the sliding mode controller used is also 

presented. 

3.1. Principle of the Strategy for Determining Reference 

Currents 

The proposed control strategy is based on shifting the 

operational operating point of the PV system. The operating 

point of the PV system is chosen to find the best compromise 

between the production and the functions provided. For this 

purpose, reference currents of with two components, one, the 

harmonic component linked to the harmonics contained in 

the load current and the other, the fundamental component 

linked to the fundamental of the load current are generated. 

These reference currents are deduced from their harmonic 

and fundamental components according to the following 

equation: 

 * * *

harm f fundi i k i= +  (4) 

Where 

*i is the reference current, 
*

harmi is the harmonic component 

of reference current, 
*

fundi is the fundamental component of 

reference current, 
fk is the modulation coefficient of 

fundamental component. 

The harmonic component of the reference current is the 

sum of the harmonic components of the load current. It is 

extracted from the load current using a harmonic 

identification method. This component is re-injected in phase 

opposition to the load current at the PCC to eliminate the 

harmonics generated by the load and thus, enable the PV 

system to perform with power quality function.  

The fundamental component of the reference currents is 

the fundamental component of the load current. This 

component is re-injected in phase to the load current at the 

PCC to perform with load supply, low-THD current injection 

into the grid functions or both function. The modulation 

coefficient of the fundamental component can vary from 0 to 

infinity depending on the weather conditions.  

The sum of the two components is used to impose an 

operating point on the PV system. This sum represents the 

reference signal for controlling the grid-connected inverter. 

The modulation coefficient of the fundamental component of 

the reference currents is done by an adaptive algorithm to 

minimize the THD of the currents injected into the grid or 

drawn from the grid by the load. Fig. 6 shows the block 

diagram of the proposed control strategy. 
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Fig. 6. Block diagram of the proposed control strategy for PV-SAPF system.

3.2. Harmonic Identification Method 

The harmonic and fundamental components of the 

reference currents are determined using a harmonic 

identification method. Since island operation has to be taken 

into account, the MVF is used. This choice is justified by the 

fact that the identification of the components of the reference 

currents are independent of the network parameters. The 

MVF introduced by [45], is a new filter for extracting the 

fundamental component or other harmonic rank of electrical 

signals directly in Concordia reference frame. The transfer 

function of this filter is given by [46]: 

 ( )
( )

( )

( )

( )
2 2

ˆ
c c

c c

x s s K j
H s K

x s s K









+ +
= =

+ +
 (5) 

where  

( )x̂ s  is the electrical output signal of MVF, ( )x s  is the 

electrical input signal of MVF, cK  is a positive constant and 

c  is the cut-off pulsation of MVF. 

The cut-off pulsation of the filter is chosen to extract the 

fundamental component of the load current. The harmonic 

components are deduced by the difference between the load 

current and its fundamental component. The inputs to the 

MVF are the ( ),   components of the load current obtained 

by applying the Clarke transform to the three-phase load 

currents according to the following equation.  
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The outputs to the MVF are the DC components Li   and Li   

linked to the fundamental and the AC components Li   and 

Li   linked to the sum of harmonics. These DC and AC 

components represent respectively the fundamental and 

harmonic components of the reference currents. By inverse 

Clarke transformation, the three-phase components of the 

harmonic and fundamental components of the reference 

currents are given by the following equations: 
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The reference currents are deduced from their harmonic and 

fundamental components according to the Eq. (4). The Fig. 8 

illustrates the control strategy proposed for calculation of 

reference currents. 

3.3. Synthesis of Robust Controller 

The grid-inverter is controlled by sliding mode 

controller. This control strategy is based on the non-linear 

model of the filter. As one variable corresponds to one 

controller, the stationary filter model given in Eq. (9) is used 

for controller. 

 

F

F F F F Grid

F

F F F F Grid

di
L R i v v

dt

di
L R i v v

dt


  



  


= − + −


 = − + −


 (9) 
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The sliding planes used are those proposed in [47] and given 

in Eq. (10). 

 
( ) ( ) ( )

( ) ( ) ( )

1 2

3 4

F F F

F F F

P i k e i k e i

P i k e i k e i
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 (10) 

where  

➢ ( )F Comp Fe i i i  = −  is the error of the variable Fi   

➢ ( )F Comp Fe i i i  = −  is the error of the variable 
Fi 

 

➢ 1k  , 2k , 3k  and 4k  positive constants.  

The control laws are determined so that they verify the 

relations of Eq. (11) during the slip mode. 
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( )

,

,

0
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P i
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By applying the conditions of Eq. (11) to the sliding planes 

of Eq. (10), the control laws are given by: 

 

( )

( )

2
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3
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F ref F F Grid F F F

Comp

F ref F F Grid F F F
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v L e i v R i L
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k dt



   



   


= + + +



 = + + +



 (12) 

 

 

Fig. 7. Block diagram of determination of reference currents with MVF 

 

3.4. Adaptive Algorithm 

The adaptive algorithm used in the proposed control 

strategy, allows to shift the operating point of the PV system 

by modulating the value of the fundamental components of 

the reference currents. The modulation coefficients obtained 

at the output of the algorithm provide the following three 

functions: 

➢ The injecting a low-THD current into the grid; 

➢ Partially or fully supply the load; 

➢ Ensure system operation in case of islanding. 

The input parameters of the algorithm taken into account to 

calculate the modulation coefficients are the solar irradiation, 

the cell temperature, the maximum current of the load 

current, the THD of the grid current, and the islanding 

operation. The solar irradiation and cell temperature are used 

to estimate the maximum value of the PV system current. 

Fig. 9 shows the flow chart of the adaptive algorithm of the 

proposed control strategy. 
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Fig. 8. Flow chart of adaptive algorithm 

 

4. Results and Discussions 

The effectiveness of the proposed control strategy is 

evaluated in this section by numerical simulations in 

Matlab/Simulink software, using the fixed-step time ODE3 

(Bogacki-Shampine) solver and the Simpower system 

toolbox. The simulation parameters of the grid, the grid-

connected inverter, the MVF, the SMC, the adaptive 

algorithm and the PV system are given in Table 1 at 6 

respectively. 

Table 1. Grid parameters 

Name Symbols Values unity 

Voltage RMSV  230 V 

Frequency 
Sf   50 Hz 

Resistance 
SR   3.5 mΩ 

Inductance 
SL   0.023 mH 

 

Table 2. Grid-connected inverter parameters 

Name Symbols Values unity 

Capacitance 
pvC   100 µF 

Resistance 
fR   23 mΩ 

Inductance 
fL

 
 3 mH 

Table 3. MVF parameters 

Name Symbols Values unity 

Positive constant 
CK  50  

Cut-off pulsation 
S   100   Rad/s 

 

Table 4. Adaptive algorithm parameters 

Name Symbols Values unity 

measurement interval t   0.025 s 

Increment value k   0.1  
 

Table 5. SMC parameters 

Symbols Values 

1k   1e-5 

2k  5e5 

3k  1e-5 

4k   5e5 
 

Table 6. PV system parameters 

Name Symbols Values unity 

Cells per module CellN   128  

Maximum power mP   414.801 W 

Voltage at PPM MPPV   72.9 V 

Current at PPM MPPI   5.69 A 

Open circuit voltage OCV   85.3 V 

Short-circuit current SCI   6.09 A 

Diode ideality factor n   0.87223  

Shunt resistance ShR   419.7813 Ω 

Series resistance SR   0.5371 Ω 

Temperature coefficient 

of 
ocV   vk   

-0.229 %/deg.C 

Temperature coefficient 

of 
scI   ik   

0.030706 %/deg.C 

Panel in series SN   10  

Panel in parallel PN   20  
 

To illustrate the performances of the proposed control 

strategy, the following operating scenarios are simulated. 

➢ Renewable overproduction scenario with islanding; 

➢ Renewable underproduction scenario with islanding. 

4.1. Renewable Overproduction Scenario with Islanding 

In this section, the power produced by the PV system is 

higher than that required by all loads. Two loads are used in 

this scenario, one linear and one non-linear. Non-linear load 

is a three-phase bridge rectifier supplying a resistor 10R =   

in series with an inductor 2.6L mH=  and the linear load is a 

three-phase resistor 22R =  . The linear load is connected 
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during the simulation from 0.5s. The solar irradiation and 

temperature are fixed respectively at 21000 /W m  and 25 C . 

 

   

  

  
(a) (b) 

  
(c) (d) 

Fig. 9. Non-linear load current (a), linear load current (b), total load current (c) and its THD (d) 
 

  

 

 
(a) (b) 

Fig. 10. Filter current injected by PV system (a) and its THD (b) 

 
 

  

 

 
(a) (b) 

Fig. 11. Grid current (a) and its THD (b) 
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(a) (b) 

Fig.12. Voltage at the PCC (a) and its THD (b) 

 
Fig. 13. Modulation coefficient 

 

Before islanding, i.e. between 0s and 0.4s, the PV 

system alone provides the power required by the load and 

injects a sinusoidal waveform current into the grid with a low 

THD of less than 1%. This can be seen in Figures 10(a) and 

10(b), which show the waveform and THD of the grid 

current respectively. In this phase, the PV system performs 

its functions of load supply and low THD current injection 

into the grid. Indeed, in this phase, the modulation 

coefficients of the fundamental components of the reference 

currents are equal to 2.3, which means that 1.3 times the 

fundamental value of the load current is injected into the grid 

(see Fig 11).  

During islanding, which occurs between 0.4s and 0.8s, the 

deterioration of the voltage waveform at the PCC leads to an 

increase in its THD from a value close to 0% to a value 

above the set threshold value of 5%. In addition, the 

amplitude of the grid current becomes lower than the set 

threshold value. These two observations, which can be seen 

in Fig. 12 and 13, are analyzed by the islanding algorithm, 

which sends back to the adaptive algorithm the information 

that the grid has disconnected. The absence of the grid leads 

the adaptive algorithm to impose the value of the modulation 

coefficient to 1, which is interpreted by the cancellation of 

the low THD current injection function in the grid, to satisfy 

only the load supply function. During this islanding phase, 

the current supplied by the filter is identical to that required 

by the load with the same waveform and THD value (see Fig. 

9(c), 9(d), 10(a) and 10(b)). Connecting an additional linear 

load during islanding does not change the performance of the 

control strategy, which simply updates the operating point 

position of the PV system corresponding to the new required 

load current. Figures 9(a) and 9(b) show the current 

waveforms of the non-linear load and the additional linear 

load.  

After islanding, i.e. between 0.8s and 1.0s, with the grid 

connected again, the PV system performs its function of 

injecting low THD current into the grid again. The operating 

point of the PV system is changed again by the adaptive 

algorithm, which increases the modulation coefficient from 1 

to 1.8. The PV system alone provides the power required by 

the load and injects a current with a THD of less than 1% 

into the grid (see Fig. 11). 

4.2. Renewable Underproduction Scenario with 

Islanding 

In this section, the power produced by the PV system is 

lower than that required by all loads. Four loads are used in 

this scenario, one non-linear and three linears. Non-linear 

load is a three-phase bridge rectifier supplying a resistor 
10R =   in series with an inductor 2.6L mH= and the 

linear loads are of three-phase resistors of values 47R =  , 

33R =   and 10R =   respectively. The solar irradiation 

and temperature are fixed respectively at 2600 /W m  and 

25 C . 

Before islanding, i.e. between 0s and 0.4s, the modulation 

coefficient stabilizes at a value of 0.7. This value being 

between 0 and 1, it means that the PV system supplies the 

load partially, and eliminates the harmonics produced by the 

load on the grid side. As the grid provides part of the power 

required by the load, the load draws a distorted current from 

the grid which is made sinusoidal by the action of the filter. 

The THD of the grid current therefore falls from a value of 

15% (in the absence of the 0s - 0.1s filter) to a value of less 

than 0.5%. In this phase, the PV system performs its 

functions of partial load supply and harmonic elimination. 

During islanding, which occurs between 0.4s and 0.8s, 

the deterioration of the voltage waveform at the PCC leads to 

an increase in its THD from a value close to 0% to a value 

above the set threshold value of 5%. In addition, the 

amplitude of the grid current becomes lower than the set 

threshold value. These two observations, which can be seen 

in Fig. 16 and 17, are analyzed by the islanding algorithm, 

which sends back to the adaptive algorithm the information 
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that the grid has disconnected. The absence of the grid leads 

the adaptive algorithm to impose the value of the modulation 

coefficient to 1. As the PV system is underproduction, the 

load shedding algorithm comes into play in order to have an 

overproduction scenario of the renewable source. With the 

load 4 disconnected, the current supplied by the filter become 

  

  
(a) (b) 

Fig. 14. Total load current (a) and its THD (b) 

  

 

 
(a) (b) 

Fig. 15. Filter current injected by PV system (a) and its THD (b) 

  

 

 
(a) (b) 

Fig. 16. Grid current (a) and its THD (b) 

  
(a) (b) 

Fig. 17. Voltage at the PCC (a) and its THD (b) 
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Fig. 18. Modulation coefficient 

 

identical to the one required by the load with the same 

waveform and the same value of THD (see Fig. 14(a), 14(b), 

15(a) and 15(b)). 

After islanding, i.e. between 0.8s and 1.0s, with the grid 

connected again, the PV system performs its function of 

harmonics elimination again. The operating point of the PV 

system is changed again by the adaptive algorithm, which 

decreases the modulation coefficient from 1 to 0.7. The PV 

system provides partially the power required by the load and 

eliminates the harmonics produced by the load on the grid 

side (see Fig. 16). 

Table 7 and Table 8 below summarize the performance 

obtained in the two scenarios in terms of the function 

performed by the PV system, the THD of the grid and the 

response time following grid disconnection and 

reconnection: Table 7 for renewable overproduction scenario 

with islanding and Table 8 for renewable underproduction 

scenario with islanding. 

Table 7. Performance indicators for scenario 1 

 Before islanding During islanding After islanding 

PV function (s) 

➢ Total loads supply 

➢ Low-THD current injection 

into the grid 

Loads supply 

➢ Total loads supply 

➢ Low-THD current injection 

into the grid 

THD 
Load 27% 27% 27% 

Grid 0.8% / 0.75% 

Control response time 0.04s / 0.06s 

Table 8. Performance indicators for scenario 2 

 Before islanding During islanding After islanding 

PV function (s) 

➢ Partially loads supply  

➢ Harmonics elimination 
Loads supply 

➢ Partially loads supply  

➢ Harmonics elimination 

THD 
Load 13.75% 20.45% 13.75% 

Grid 0.47% / 0.47% 

Control response time 0.05s / 0.12s 

 

From these two performance summary tables, it can be seen 

that before and after islanding, the control strategy allows the 

PV system to perform its functions of load supply (partially 

or fully), and power quality by injecting a low THD current 

into the grid or by eliminating harmonics created by the load 

on the grid side. During islanding, the PV system supplies 

the load.  In the overproduction scenario, the problem caused 

by the lack of the grid into which the excess production was 

being injected is solved by shifting the operating point of the 

PV system to that of the load. In the underproduction 

scenario, the problem caused by the lack of the grid that was 

partially supplying the load is solved by shifting the 

operating point of the PV system followed by load shedding. 

5. Conclusion 

In this paper, the robust control of a PV-SAPF system 

with islanding operation is proposed. This control is based on 

a new strategy to determine the reference currents of the 

grid-connected inverter. The principle of this strategy is to 

provide reference currents of with two components, one, the 

harmonic component linked to the harmonics contained in 

the load current and the other, the fundamental component 

linked to the fundamental of the load current. The harmonic 

component enables the PV system to perform the power 

quality function, and the fundamental component enables the 

PV system to perform the load supply and low-THD current 
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injection into the grid. The combination of these two 

components allows the RES to perform the functions of 

partial or full load supply, power quality, low-THD current 

injection into the grid and to avoid damage to connected 

loads during islanding operation. In order to perform these 

different weather-dependent functions, an adaptive algorithm 

based on the energy produced by the PV system, the current 

consumed by the load and the THD of the grid current is 

used to modulate the fundamental components of the 

reference currents. This modulation of the value of the 

fundamental component makes it possible to impose an 

optimal operating point on the PV system, ensuring that it 

injects a low THD current into the grid, supplies the load 

partially or totally and ensures the operation of the system in 

case of islanding. 

Different operating scenarios were simulated using 

MATLAB/Simulink software, and from the results obtained, 

the following contributions can be noted: 

➢ In terms of structure, the proposed control strategy 

allows the removal of the maximum power extraction 

converter; 

➢ In terms of effectiveness, the control strategy 

proposed allows: 

o In case of overproduction of the photovoltaic 

system, that it supplies the load alone and injects 

into the grid a current with THD values lower 

than 1%; 

o In case of underproduction of the photovoltaic 

system, that it contributes partially to the supply 

of the load and eliminates the harmonics on the 

grid side with THD values of the grid current 

lower than 0.5%; 

o Ensure system operation in case of islanding. 

A study for an unbalanced three-phase load and an 

experimental study to validate the theoretical results are the 

interesting perspectives to test the performance of the 

proposed control strategy. 
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