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Abstract-The current grid standards for the single-phase 

residential PV system expect it to operate at Maximum Power 

Point Tracking (MPPT) mode under normal operating conditions 

and to maintain the voltage profile whenever a grid fault occurs. 

The proposed system supplies power to the load under stable 

conditions and the PV system works in MPPT mode. When the 
fault occurs at the Point of Common Coupling (PCC) and the 

voltage is reduced, the proposed controller maintains the voltage 

profile by injecting the current fed by the current controller at 

the PCC. The controller shifts from MPPT to the faulty mode 

and maintains voltage as per grid requirements. During islanding 

conditions, the PV system successfully caters to the requirements 

of the load by shifting the control from MPPT to islanding mode. 

When the PV system is in operation the power quality is 
enhanced. 
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I. INTRODUCTION  

Due to the incessant reduction of the photovoltaic (PV) 
module price and to the increase of the pursuit for eco-friendly 
energy systems, there is a spurt in the demand for solar PVs. 
The future PV systems would have to fulfill the requirements 
for the generation closer to the consumption points [1, 2]. The 
PV modeling technique and implementation of fuzzy based 
MPPT systems to track maximum power efficiently is 
explained in [3-4]. The precise control of the duty cycle with 
respect to various atmospheric conditions is obtained in [5]. A 
peak current controller strategy is used to generate the gate 
pulses of semiconductor switches which control both active 
and reactive powers [6-8]. PV systems in the future should 
perform a number of functions like reactive power control, 
Maximum Power Point Tracking (MPPT), islanding detection, 
power quality improvement and Fault Ride-Through (FRT) 
capability [9-11]. Phase, amplitude, and frequency of the grid 
voltage are key information for the operation of inverter 
systems connected to the grid. In grid-connected inverters, the 
correct and accurate detection of the phase angle, amplitude 
and frequency of the grid voltage are essential in ensuring the 
correct generation of reference signals and to meet future 
standards, which can be estimated using a Phase-Locked Loop 
(PLL) [12-13]. 

Power electronic devices draw large amounts of reactive 
power and inject harmonics in the network [14]. A multilevel 
single phase inverter using PI controller is used to improve 
power quality in [15]. Voltage sag occurrence is a common 
issue which may cause unnecessary tripping in the case of a 
single phase system that is working in grid connected or 
islanded mode [16-17]. To address the reactive power control 
issue caused by the use of loads which affects the current being 
drawn from the source, a PV system is used in [18]. In 
islanding mode, the amplitudes and waveforms of load voltages 
are maintained sinusoidal by the voltage controller. The 
transfer of modes (islanded to grid connected and vice-versa) is 
implemented using the synchronization controller as per the 
accessibility of the grid [19-21]. 

The objective of the proposed research is to design a single 
phase grid connected PV system. The key contributions of this 
paper are: 

• The design of a PV system depending upon the load 
requirements using Perturb and Observe (P and O) for 
MPPT. 

• A DC-DC boost controller is proposed to maintain the 
output voltage constant. 

• The implementation of a PV system controller capable to 
supply active and reactive power during normal operating 
conditions. 

• The proposed controller injects reactive current when fault 
occurs at the Point of Common Coupling (PCC) during 
voltage sag conditions. 

• The PV system needs to operate in islanded mode.  

II. SYSTEM CONFIGURAtION 

Figure 1 shows the block diagram of the system under 
consideration. The PV system is configured as dual stage with 
PV system connected to the PCC through DC-DC boost 
controller and inverter with the grid. This system operates in 
two modes, grid connected and islanded mode. The block 
diagram includes the PV array, the boost converter, an inverter, 
and the power control system [10]. 
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Fig. 1.  Block diagram of the system. 

III. REACTIVE POWER CONTROL 

Under normal conditions, the PV system is operating in 
MPPT mode in order to supply as much energy as possible to 
the grid. As per the grid requirements, when fault occurs at 
PCC, the PV inverter should inject reactive current to bolster 
up the grid voltage. The control system consists of the MPPT, 
an Orthogonal Signal Generator (OSG) unit, controllers to 
generate current reference generation, and a PWM generation 
block. As the inverter output voltage is nonsinusoidal, a 
lowpass filter is connected between the inverter and the grid. 
Igα and Igβ represent the grid currents in the ‘αβ’ frame and Vgα 
and Vgβ represents grid voltage in the same frame. Equations 
(1) and (2) represent active power (P) and reactive power (Q) 
[11]. The current references are generated using PI controllers 

P = �
� �	V�	 ∗ I�	 + I� ∗ V��				(1)	

Q = �
� �	V�	 ∗ I�	 − I� ∗ V��				(2)	

A. PV System 

A PV system consists of PV modules connected in series 
and in parallel depending upon DC system voltage and power. 
The peak value of product of voltage and current represents the 
Maximum Power Point (MPP) Pmax. To extract maximum 
power from the given irradiance conditions the solar module 
should always be operated within that region. The implemented 
technique to extract that point is P and O. A 2kW PV system is 
considered. The system parameters are indicated in Table I. 

TABLE I.  SYSTEM PARAMETERS  

Sr No Device Components 

1 DC link capacitor 
C=2500µF, 

reference voltage=350V. 

2 Boost converter 
L=2.9mH, C=70µF, 

switching frequency =5kHz 

3 LC filter L=0.1mH, C=100µF 

4 
Linear load 

Non linear load 

1kW and 500 VAR 

1kW and 500 VAR 

5 Source 230V (rms), 50Hz 

 

B. Boost Converter 

It is used to step up the input voltage and MPP. The main 
equations used for analysis are (3)-(5) [2] and the nomenclature 
is given in Table II. 

M = ���� = �
(���)	    (3) 

L = 	 ���∗���∆! 	    (4) 

																	C	�# = $%&(�∗(ɷ	∗�%&	∗∆�%&)    (5) 
where M is the modulation index, Vin is the input voltage, L is 
the boost inductance and C is the capacitance of the boost 
converter. 

C. Synchronisation 

To assist the computation of active power (P) and reactive 
power (Q) and for proper grid synchronization, the OSG is 
used. P and Q are calculated by using the OSG system whereas 
T/4 delay PLL is considered in this research. The OSG for 
single phase system is indicated in Figure 2 and the Simulink 
model is shown in Figure 3. 

 

 
Fig. 2.  Orthogonal signal generation for a single phase system. 

The reactive power injection depends upon: 

I(	� + I)	� =	 I*		� ≤ Imax	    (6) 
The minimum reactive current (Iq) to be injected to the grid 

is given by (7). Active power is restored to maintain the 
frequency limits, based on the peak value of (8).  

Iq =
012
13 Deadband	, 0.9 ≤ ��

�= ≤ 1	
2x ���� 	x	I*,				0.5 ≤ ��

�= ≤ 0.9			
																I* 	, 0.1 ≤ 	 ���= 	 ≤ 0.5		

    (7) 

Ip =
01
2
13 																					Im	, 0.9 ≤ ��

�= ≤ 1	
@I* − (2	X ��

�= X	I*)�,				0.5 ≤ ��
�= ≤ 0.9	

																			0,					0.1 ≤ ��
�= ≤ 0.5

	    (8) 

The quality of power to be injected to the grid depends on 
the current controller. The exquisite design of filters and 
selection of harmonics compensators is prerequisite of power 
quality. The gain of the Proportional Resonant (PR) and 
Harmonic Compensator (HC) control in the BC reference frame 
is shown in (9) and (10): 

�	G$E(s)� = 	K$		 + 	HIJJKL	(ɷM	)K 		    (9) 
�	GN#(s)� = 	HIOJJKL	(PɷM	)K     (10) 
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Fig. 3.  OSG transformation and GPR+HC controller. 
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Fig. 4.  Control diagram of single phase grid connected PV system based on PQ theory. 

 
Fig. 5.  Simulink model of the PV system connected to load and grid. 

TABLE II.  NOMENCLATURE 

Symbol Description Symbol Description 

 Proportional gain V� Voltage of the grid 

L Inductance of the DC-DC boost converter Ton Time during which the semiconductor switch of the boost converter is ON  

PPV Power output of the PV system during faulty conditions V Grid instantaneous voltage 

Imax Maximum power point current from PV Iq Reactive current requirements of the grid 

Ip Active current requirements of the grid PMPP Maximum power output of the PV system 

I�  Current of the grid IN Nominal inverter current 

VN Nominal grid voltage 						K�P Harmonic compensator gain 

C�#  DC link capacitance D Duty cycle of the DC-DC boost converter 

∆I Allowed current ripple (10%) P* Reference active power 

PDC Average power of DC Link Q* Reference reactive power 

VDC Average voltage of DC Link ɷ Frequency of grid (r/s) 

∆VDC Amplitude of voltage ripple C Capacitance of the filter 

					G$�s� PI controller for active power 				G)�s� PI controller for reactive power 
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GPR(s) is the transfer function of PR controller while GHC(s) 
is the transfer function of the harmonic compensator. The 
combination of PR and HC is involved to obtain a better 
control during dynamic conditions when operating mode 
switches from MPPT to low voltage ride through. The current 
controller is shown in Figure 4 and the Simulink model is 
shown in Figure 5. 

IV. SIMULATION RESULTS 

System parameters are given in Table II. Figure 6 shows the 
P-V curves for the given system. It is observed that MPP 
changes with change in irradiance. It is shown that the grid is 
supplying power to the load until t=1s. At this instant, a fault 
occurs and the PV system completely starts supplying power to 
the load. Various conditions were considered for the 
simulations in Simulink. 

 

 
Fig. 6.  PV curves for varying irradiance 

A. Load Supplied by Source  

The simulation was run for 1.5s. Figure 7 shows the DC 
link voltage across a capacitor which is maintained constant at 
350V. Initially up to 1s only the grid was acting as a source, 
supplying power to the linear load as shown in Figure 8. Power 
supplied to the linear and nonlinear load is shown in Figure 9. 

 

 
Fig. 7.  DC Link Voltage 

 
Fig. 8.  Active and reactive power of linear load. 

 
Fig. 9.  Active and reactive power of linear and nonlinear load. 

B. Load Supplied by the Source and the PV System 

A combination of linear and nonlinear load is supplied up 
to 1s to the source. Due to the occurrence of fault at PCC at 
t=1s, when the source fails to fulfill the requirements of the 
load, the PV system starts supplying power after t=1s. The 
simulation is run for 1.5s as shown in Figure 10. 

 

 
Fig. 10.  Load supplied by the source and the PV system. 
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Fig. 11.  Flowchart for reference power generation. 

C. Islanding 

A single phase double stage PV system is subjected to fault 
at t=1s. When the fault occurs at PCC and the grid is 
disconnected, fulfilling the load demand by PV will be a 
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priority. The power requirement of the load is supplied by the 
PV system in islanded mode. The generated PV power is 
sufficient to supply the load. The prime concern is to 
disconnect the grid and use the photovoltaic system power as it 
is available. During islanding, the MPPT mode is switched to 
fault operating mode as shown in the flowchart of Figure 11. 
The source voltage during the fault is shown in Figure 12 and 
active and reactive power supplied to the linear and nonlinear 
load are given in Figure 13 respectively. 

 

 
Fig. 12.  Source voltage when fault occurs to t=1s. 

 
Fig. 13.  Active and reactive power supplied during islanding. 

D. Voltage Sag 

Due to the occurrence of fault, a voltage sag appears at 
t=0.3s and continues until t=0.7s. During this period, the 
system is shifted to fault mode and although the source voltage 
sags as shown in Figure 14, the current controller injects 
reactive current for compensation as per grid requirements.  

 

 
Fig. 14.  Source voltage during sag from t=0.3s to t=0.7s.  

 
Fig. 15.  Current supplied by the current controller. 

When the sag occurs the load voltage remains unaltered due 
to the compensating current supplied by the inverter given by 
Figure 15. It is clear that during voltage sag conditions, the 
load voltage and hence the supply to the load is maintained by 
the PV system. Figure 16 shows the active and reactive powers 
during this period. 

 

 
Fig. 16.  Active and reactive power during the voltage sag. 

E. FFT Analysis 

Figure 17 shows the load current. The FFT analysis shows 
that THD is 17.74% (Figure 18) when the source is supplying 
the load, i.e before t=1s, but when the PV system supplies the 
load after the occurrence of fault at t=1s, the THD is reduced to 
4.07% as shown in Figure 19. 

 

 
Fig. 17.  Load current 

 
Fig. 18.  THD when the source is supplying the load. 

 
Fig. 19.  THD when the PV system is operating. 
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V. CONCLUSION 

From the simulation results presented above, the following 
conclusions can be drawn: 

• A single phase connected grid was designed under stable 
conditions. Depending upon variations in irradiations, 
MPPT operates to deliver power to the grid. 

• The designed PV system is able to supply power in the 
occurrence of grid failure. 

• The inverter supports the utility by injecting reactive 
current in order to avoid grid collapse. 

• A PV system can be used as an independent source of 
power during supply outing conditions and to feed the load 
through the existing inverter by effectively maintaining the 
DC link voltage constant. 

• The proposed controller handles loading conditions such as 
linear and nonlinear loads successfully. 
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