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Abstract 
 

In this paper, the design of combined operation of UPQC and PV array is 
proposed. The proposed system is composition of PV array connected to DC 
link by boost converter which is able to compensate the voltage sag, swell, 
voltage interruption, harmonics and reactive power. The system is able to 
inject the active power to grid in addition to its ability in improvement of 
power quality in point of common coupling. Also, it can provide a part of 
sensitive load power during long voltage interruption. The results of 
simulation in MATLAB/SIMULINK software show that the mentioned 
system operates correctly. 
 
Keywords: Unified Power Quality Conditioner, PV array, sag, swell, voltage 
interruption, harmonics and reactive power. 

 
 
Introduction 
One of the comparative structures of the electric power is back to back converter. In 
respect to controlling structure, these converters may have various operations in 
compensation. For example, they can operate as series or shunt active filters for 
synchronous compensating the load current harmonics and voltage oscillation (Akagi 
et al., 2007). This is called Unified Power Quality Conditioner (UPQC)  
 UPQC is greatly studied by Akagi and Fujita (1995), as a basic device to control 
the power quality. The duty of UPQC is reducing perturbations which affect on the 
operation of sensitive loads. UPQC is able to compensate voltage sag and swell, 
voltage and current harmonics using shunt and series inverters. In spite of this issue, 
UPQC is not able to compensate voltage interruption and active power injection to 
grid, because in its DC link, there is no energy source. 
 The attention to Distributed Generating (DG) sources is increasing day by day. 
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whose parameters are regulated for normal condition (25°C temp. and sun radiation). 
Circuit parameters used in simulation are shown in Table 1.  

 
 

Table 1: The grid parameters used in simulation. 
 

Source phase voltage (rms) 220v 50Hz
DC link voltage 600v 
Shunt inverter rating 45kVA 
Series inverter rating 15kVA 
Shunt inverter inductance 3mH 
Shunt inverter capacitance 10µF 
Switching frequency 20kHz 
Series inverter inductance 3mH 
Series inverter capacitance 15µF 
PV array rating 40kW 

 
 
 The maximum simulation time is regulated on 600msec. Shunt inverter starts to 
operate at 100msec and series inverter starts at 200msec. nonlinear load’s current is 
shown in Fig. 8. 
 Active and reactive powers consumed by load are shown in Fig. 9. Simulated load 
consumes 17 KW active powers and 8KVAr reactive powers. 
 In this part of simulation, it is assumed that the PV array is interconnected to grid 
and outages after 0.45 sec of operation. As it is shown in Fig. 10 at the presence of 
PV, shunt branch injects a high current to grid, a part of which is consumed to feed 
the load and else is injected to grid. When PV outages the shunt branch undertakes the 
duty of compensating current harmonics and currents reactive power 
 Figure 11 shows the source current and Fig. 12 presents the source voltage. At 
0.45 sec when PV outages, source current returns to sinusoidal mode after passing he 
transient state. With respect to Fig. 12, it can understood that, before PV outages, 
voltage has 180° phase difference with its current and PV injects current to source in 
addition to providing load. After PV outages, it is seen that, voltage and current are in 
same phase and UPQC compensates current harmonics and power factor. 
 Figure 13 shows the total harmonic distortions (THD) of source and load currents. 
Shunt inverter has been able to make currents wave form sinusoidal and reduce the 
THD of load current from 22 to 3%. 
 In Fig. 14, active and reactive powers injected by shunt inverter are shown. When 
PV outages, injective reactive power doesn’t vary distinctively, while injective active 
power decreases to a negative value from 37.5 kW. In other words, shunt inverter, is 
not able to inject active power after PV outages and required active power of series 
inverter is provided through shunt inverter from the grid. 
 Incremental conduction methodMaximum power point forecasting based on the 
current method 
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Figure 11: Source current. 
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Conclusion 
In this study, the results of analyzing combined operation of UPQC and PV is 
explained. The proposed system is composed of series and shunt inverters, PV array 
and DC/DC converter which can compensate the voltage sag, swell, interruption and 
reactive power and harmonics in both islanding and interconnected modes. 
 The advantages of proposed system is reducing the expense of PV interface 
inverter connection to grid because of applying UPQC shunt inverter and also is the 
ability of compensating the voltage interruption using UPQC because of connecting 
PV to DC link. In this proposed system, P and O method is used to achieve the 
maximum power point of PV array. This proposed systems operation is analyzed 
using MATLAB/SIMULINK software and simulation results confirm that the 
proposed system operates correctly. 
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