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Abstract: Today it is very important to provide clean, 
reliable and continue power to the consumer from supply 
authority. due to the increasing customers and use of 
modern power electronic devices, there is no. of 
disturbances in quality of power such as voltage 
sag.swell,harmonics.hence In order to maintain quality of 
power, different power electronic devices has been used. 
In this project, we used unified power flow conditioner 
with solar PV array to maintain good power quality.  UPQC 
is the combination of series and shunt compensator which 
performs multi task to improve the quality of power. 
Series converter  compensate the grid side power quality 
problems such as voltage sag and swell as well as maintain 
load voltage preferably consant.it also regulate the PCC 
voltage. Shunt compensator compensate the problem of 
current harmonics due to nonlinear load. It takes power 
from PV array. Reference signal is generated by using 
synchronous reference frame control based on moving 
average filter. The model of upqc is developed and 
simulated in MATLAB software by using matlab simulink 
result with and without UPQC is compared. 
 
Index Terms—Power Quality, shunt compensator, series 
compensator, UPQC, Solar PV, MPPT 
  
I. Introduction 
In recent, new trend of power electronics instruments are 
developed. Due to the use of these power electronic 
devices, nonlinear current flowing through the instrument 
causes generation of harmonics as shown in fig 1. The 
increasing demand of customers at load side may cause 
voltage sag which may affect on quality of power. It is 
essential that utility will supply power with best quality 
and permissible range. Utility should provide supply 
reliably and continuously. Hence in order to maintain 
stable voltage at grid as well as load side, multipurpose 
device is required. Hence this project deals with use of 

UPQC device with solar PV.The UPQC consists of series and 
shunt compensator connected back to back via common dc 
link. 
 
Solae PV is used instead of using inverter which gives the 
dual benefits of clean energy generation. It gives 
protection against grid side disturbances which protects 
the critical load during transients. Compared to shunt and 
series active power filters, a unified power quality 
conditioner (UPQC), which has both series and shunt 
compensators can perform both load voltage regulation 
and maintain grid current sinusoidal at unity power factor 
at same time. The combination of UPQC with solar 
photovoltaic gives dual benefits as clean energy generation 
along with improved power quality. In this project, 
synchronous component theory is with moving active filter 
is used to generate reference signal. The model of active 
filter with non linear load is using matlab Simulink 
software. 
 

 
Fig1. Harmonic distortions of waveforms due to non-

linear load 
 

II. System Configuration 
 
UPQC is the combination of series and shunt 
converter.Basic structure of UPQC is as shown in fig 2.The 
role of series inverter inject compensated voltage in series 
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with load voltage whwn source voltage become 
unbalanced and non sinusoidal.Series compensator inject 
or absorb voltage at the required magnitude and phase 
angle which can solve the problrm of voltage sag,swell and 
flicker.series inverter absorb or inject real power in 
addition to reactive power.The shunt converter has the 
ability to regulate the dc link voltage and compensate the 
current related PQ issues such as 
harmonics,interharmonics and reactive power 
requirement. The structure of the PV-UPQC is shown in 
Fig3. The PV-UPQC is designed for a three-phase system. 
The PV-UPQC consists of shunt and series compensator 
connected with a common DC-bus. At load side, shunt 
compensator is connected. The solar PV array is directly 
integrated to the DC-link of UPQC through a reverse 
blocking diode. The series compensator used to 
compensate the voltage which can reduce the voltage sag 
and swell. The shunt and series compensators are 
connected to the grid through interfacing inductors. A 
series compensator injects the voltage into the grid by 
using series injection transformer. Harmonics are 
generated by converters are eliminated by using filters. 
The load used is a nonlinear load consisting of a bridge 
rectifier with a voltage-fed load 
 

 
 

Fig 2.Basic structure of  UPQC 
 

 
 

Fig 3.System configuration of  UPQC 

III. Control strategy 
 
A. Control Strategy for shunt converter 
 
The measured load current is transformed into the 

synchronous dqo reference frame. By this transform, the 

fundamental positive- sequence component, which is 

transformed into dc quantities in the d and q axes, can be 

easily extracted by low-pass filters (LPFs). Also, all 

harmonic components are transformed into ac quantities 

with a fundamental frequency shift. 

 

The shunt compensator extracts the maximum power from 
the solar PV array by operating at its maximum power 
point .The maximum power point tracking(MPPT) 
algorithm generates the reference voltage for the DC link 
of UPQC. Current from dc link is converted to the reference 
grid currents. The reference grid currents are compared 
with the sensed grid currents is given to hysteresis 
controller. Hysteresis controller generate the gating pulses 
for shunt converter 
 

. 
 

Fig.4.Control Structure of shunt Compensator 
 
B. Control of Series Compensator 
 
The bus voltage  is detected and then transformed into the 

synchronous dq0 reference frame The control strategy for 

the series compensator are pre-sag compensation, in-

phase compensation and energy optimal compensation. In 

this work, the series compensator injects voltage in same 

phase as that of grid voltage, which results in minimum 

injection voltage by the series compensator. The control 
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structure of the series compensator is shown in Fig.5. The 

fundamental component of PCC voltage is extracted using 

a PLL which is used for generating the reference axis in d-

q-0 domain. The reference load voltage is generated using 

the phase and frequency information of PCC voltage 

obtained using PLL. The PCC voltages and load voltages are 

converted into d-q-0 domain. As the reference load voltage 

is to be in phase with the PCC voltage, the peak load 

reference voltage is the d-axis component value of load 

reference voltage. The q-axis component is kept at zero. 

The difference between the load reference voltage and PCC 

voltage gives the reference voltage for the series 

compensator. The difference between load voltage and 

PCC voltage gives the actual series compensator voltages. 

The difference between reference and actual series 

compensator voltages is passed to PI controllers to 

generate appropriate reference signals. These signals are 

converted to abc domain and passed through pulse width 

modulation (PWM) voltage controller to generate 

appropriate gating signals for the series compensator. 

 

 
Fig 5. Control Structure of Series Compensator 

 
IV. Simulation model 
 
A Unified power Quality Conditioner (UPQC) is used to 
regulate voltage on an 11-kv distribution network. A 
feeder (100 km) transmits power to loads connected at 
bus. The performance of UPQC is evaluated by using the 
MATLAB/SIMULINK 2016 as a simulation tool The load of 
15KVA & 25KVA load is connected between and also at the 
same time, nonlinear load is connected. We compensate 
for source side voltage and current. Test parameter of the 
system as shown below. The first set of simulation was 

done with no UPQC. The waveform of voltage, current and 
power without load and without UPQC is as shown in fig 9. 
and then the nonlinear load connected with UPQC. The 
result of swell and sag is observed as shown in fig 
10,11,12,13 Below figures shows the RMS voltage at load 
point when the system operates with and without UPQC. 
When the UPQC is in operation the voltage interruption is 
compensated almost completely and the RMS voltage at 
the sensitive load point is maintained at normal condition. 
The voltage sag value is about 0.5 per unit. The D-
STATCOM can compensate the source voltage sag and 
swell effectively.  
 

 
 

Fig 8.Simulation model of UPQC 
 
V. Simulation result  
 

 
 

Fig 9.Load voltage, current and power without load, 
without UPQC 
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Fig10.Load voltage, current and power with load without 
UPQC(generation of swell) 

 

 
 

Fig11.Load voltage, current and power with load with 
UPQC 

 

 
 

Fig 12.Load voltage, current and power with load without 
UPQC(generation of sag) 

 

 
 

Fig 13.Load voltage, current and power with load with 
UPQC 

 
Conclusion: 
 
 In this work modeling and simulation of UPQC with 
necessary control strategy is implemented. The simulation 
results showed clearly the performance of the UPQC in 
mitigating the voltage sag and swell. The UPQC is modeled 
in conjunction with solar photovoltaic for multicontrol 
function. The source voltage and source current harmonic 
re eliminated by shunt controller and Voltage sag and 
swell are eliminated by series controller. The use of solar 
photovoltaic gives dual function as it gives clean energy 
with improvement of power quality. In this paper. The 
nonlinear load is connected to the system and result of 
voltage, current and power is observed with and without 
UPQC. 
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