
International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJAREEIE)  

                 | e-ISSN: 2278 – 8875, p-ISSN: 2320 – 3765| www.ijareeie.com | Impact Factor: 7.122| 

|| Volume 9, Issue 7, June 2020 || 

 

IJAREEIE © 2020                                                    |    An ISO 9001:2008 Certified Journal |                                                     1970 

 

Performance Analysis of 3 Phase Solar   

IntegratedPV-UPQC System using MATLAB 
 

Rucha H.   Belsare
1
, Prasad D. Kulkarni

2 

PG   Student   [EPS], Dept.   of   EE,   KCES's   College of   Engineering   and   IT,  Jalgaon,  Maharashtra, India
1 

Assistant   Professor, Dept.   of   EE,   KCES's   College of  Engineering   and   IT,  Jalgaon,  Maharashtra,   India
2 

 
ABSTRACT: Unified Power Quality Conditioner system used on the distribution side of power system can be 

improvised by integrating with renewable energy resources like the photovoltaic system. The proposed system 

combines both the benefits of distributed generation and active power filtering.  Solar integrated PV-UPQC system 

consists of back to back series and shunt compensators interlinked by a common DC link capacitor powered by the 

photovoltaic system. The reactive power compensation is achieved by shunt compensator of PV-UPQC system. The 

shunt compensator is also extracting maximum power from solar PV array by operating it at its maximum power point 

(MPP).The voltage fluctuations like voltage sag/swell are compensated by the series compensator. The performance of 

the proposed system is simulated in Matlab-Simulink under a nonlinear load consisting of a bridge of diode rectifier 

with voltage-fed load. 
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I.INTRODUCTION 

The major issue in the power system is power quality maintenance due to the implementation of various power 

electronic circuits. Most of the developed and developing countries rely on renewable energy resources due to the 

depletion of fossil fuel. In the last ten years, the usage of renewable energy has been increased drastically and to 

integrate this distributed renewable energy resource usage of power electronic devices becomes necessary. The usage 

of power electronic devices leads to pollution of the power system by injection of harmonics by these power electronic 

devices. These harmonics are responsible for the voltage fluctuations in the power system. The voltage fluctuations can 

affect the sensitive loads and it leads to an increase in operation and maintenance cost in industries [1],[2]. The power 

quality can be improved by designing appropriate converters. The Power Electronic based Flexible AC Transmission 

Systems (FACTS) devices improve the quality of power flow in the power system. The main functionality of the 

FACTS (custom)devices is to provide active and reactive power compensation.  

Custom power devices such as distribution static compensator (DSTATCOM), dynamic voltage restorer 

(DVR) and unified power quality conditioner (UPQC) are used to mitigate power quality problems caused by loads as 

well as to protect the sensitive loads from grid side voltage quality problems. DSTATCOM [5] is a shunt connected 

power electronic system which compensates for the power quality issues caused by loads such as reactive current, 

harmonics and load imbalance in the system. DVR is a series connected power electronic system which compensates 

for the grid voltage sag/swells [6]. UPQC [7]consists of back to back connected shunt and series compensator which 

combines functionality of both DSTATCOM and DVR.  Compared to conventional grid connected inverters, the solar 

PV integrated UPQC has numerous benefits such as improving power quality of the grid, protecting critical loads from 

grid side disturbances apart from increasing the fault ride through capability of converter during transients. In this 

paper, model is developed in the environment of MATLAB Simulink model & the performance analysis of a three-

phase PV-UPQC is presented.  

II.SYSTEM CONFIGURATION 

Basic   Structure   of   UPQC: UPQC   is   the   combination   of   series   and   shunt   converter.   Basic   structure   of   UPQC   is   

as   shown   in   fig.  1.  

The various components used in UPQC are as follows:  

 

1. Series inverter - The inverters connected in series to the supply known as the series active filter. This inverter 

behaves as a voltage source line which eliminates a voltage interruption.  

2. Shunt inverter - The inverter connected in shunt to the supply line is known as shunt active filter. It eliminates the 

current related harmonics also minimize the reactive current in the load circuit.  
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3. DC link - The capacitor or inductor can be used as common DC link. As shown in fig. 4 the capacitor is used as DC 

link, which supplies the DC voltage.  

4. LC filter - The output of the series active filter produces high switching ripples. The LC filter minimizes the ripples 

in a system. The LC filter acts as the low-pass filter.  

5. Lsh Filter - The Lsh filter act as a high-pass filter. The ripples during switching mode are minimized by Lsh filter.  

6. Injection transformer - The series injection transformer connected to series convertor.  

 
Fig.   1.   Basic   structure   of   UPQC 

System   Configuration 

The   structure   of   the   PV-UPQC   is   shown   in   Fig...2.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[8].   The   magnitude   of      DC   link   voltage   Vdc   depends   on   the   depth   of   

modulation   used   and   per-phase   voltage   of   the   system.   The   DC-link   voltage   magnitude   should   more   than   double   

the   peak   of   per-phase   voltage   of   the   three   phase   system.   The   load   used   is   a   nonlinear   load   consisting   of   a   bridge   

rectifier   with   a   voltage-fed   load.   The   DC-link   capacitor   is   sized   based   upon   power   requirement   as   well   as   DC-bus   

voltage   level.   The   interfacing   inductor   rating   of   the   shunt   compensator   depends   upon   the   ripple   current,   the   

switching   frequency   and   DC-link   voltage. 

 

Fig.   2.   System   configuration   of   UPQC 

 

III. CONTROL   STRATEGY 

Control   Strategy   for   shunt   compensator:   The   measured   load   current   is   transformed   into   the   synchronous   d-q-o   

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.   To   extract   DC   

component   without   deteriorating   the   dynamic   performance,   a   moving   average   filter   (MAF)   is   used   to   extract   the   

DC   component.    
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Fig.   3   .Control   Structure   of   Shunt   Compensator 

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   structure   of   the   

series   compensator   is   shown   in   Fig.4   The   fundamental   component   of   PCC   voltage   is   extracted   using   a   PLL   which   

is   used   for   generating   the   reference   axis   in   dq-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[7].      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   a-b-c   domain   and   passed   through   pulse   width   

modulation   (PWM)   voltage   controller   to   generate   appropriate   gating   signals   for   the   series   compensator. 

 

Fig.4   .Control   Structure   of   Series   Compensator 

IV. SIMULATION AND RESULTS 

 

The dynamic performances of PV-UPQC are analyzed by simulating the system in Matlab-Simulink software 

fig.5. The load used is a nonlinear load consisting of three phase diode bridge rectifier with R-L load.  The system is 

subjected to various dynamic conditions such as sag and swell in PCC voltage and PV irradiation variation. The 

detailed system parameters are given in Appendix. 

 

A. Performance of PV-UPQC at PCC Voltage Fluctuations 

The dynamic performance of PV-UPQC under conditions of PCC voltage sags/swells is shown in Fig.6. The 

irradiation(G) is kept at 1000W/m2. The various sensed signals are PCC voltages (Vs), load voltages(VL), series 

compensator voltages (VSE), DC-link voltage (Vdc), solar PV array current (Ipv), solar PV array power (Ppv), grid 

currents (iS), load currents (iLa, iLb, iLc ), shunt compensator currents (iSHa, iSHb, iSHc). Between 0.7s and 0.75s, there is 

voltage sag of 0.3pu and from 0.8s to 0.85s there is voltage swell of 0.3pu. The series compensator compensates for the 

grid voltage under these conditions by injecting a suitable voltage VSE in opposite phase with the grid voltage 

disturbance to maintain the load voltage at rated voltage condition.  
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Fig. 5 MATLAB SIMULINK model of Solar integrated PV-UPQC 

 

 

 
Waveforms of Grid voltages (Vsabc ), load voltages (VLabc )and series compensator voltages (VSE) with  respect to 

time (t) 

 
DC- link voltage(Vdc), solar PV array current(Ipv) and PV array power (Ppv)in KW with time in sec. 

 

 
Grid currents( isabc  ), Load currents( iLabc ) ,Shunt compensator currents (iSHabc  )with time (t )in sec 

 

Fig.6 Performance of PV-UPQC under Voltage Sag and Swell Condition 
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B. Performance of PV-UPQC at Load Unbalancing Condition 

The dynamic performance of PV-UPQC under load unbalance condition is shown in Fig.7. At t=0.8s, phase 

‘b’ of the load is disconnected. It can be observed that the grid current is sinusoidal and at unity power factor. The 

current fed into the grid rises leading due to the reduction in the total effective load. The DC-link voltage is also stable 

and it is maintained near its desired regulated value of 700 V. 

 

 
  Waveforms of Grid voltages (Vsabc )and load voltages (VLabc )with respect to time (t) 

 

 
DC- link voltage(Vdc), solar PV array current(Ipv) and PV array power (Ppv)in KW with time in sec. 

 

 
Grid currents( isabc  ), Load currents( iLabc ) ,Shunt compensator currents (iSHabc  )with time (t )in sec. 

Fig.7 Performance of PV-UPQC during Load Unbalance Condition 

 

C. Performance of PV-UPQC under Varying Irradiation 

The dynamic performance of PV-UPQC under varying solar irradiation is shown in Fig.8. The solar irradiation is 

varied from 500W/m
2
 at 0.8s to 1000W/m

2
 at 0.85s. It is observed that as irradiation increases, the PV array output 

increases and hence grid current rises as the PV array is feeding power into the grid. The shunt compensator tracks 

MPPT along with compensating for the harmonics due to load current. The harmonic spectrum and THD load current 

and grid current are shown in Fig. 9 and Fig.10. It is observed that the load current THD is 24.81% and the grid current 

THD is 01.86% thus meeting the requirement of IEEE-519 standard[12].  
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Waveforms of Grid voltages (Vsabc )and load voltages (VLabc )with respect to time (t) 

 

DC- link voltage(Vdc), solar PV array current(Ipv) ,PV array power (Ppv)in KW and Solar irradiation (G) in W/m
2
 with 

time in sec. 

 

Grid currents( isabc  ), Load currents( iLabc ) ,Shunt compensator currents (iSHabc  )with time (t )in sec. 

Fig. 8 Performance of PV-UPQC at Varying Irradiation Condition 

 

Fig.9 Load current Harmonic Spectrum and THD 

Fig.9 shows the THD of load current of UPQC during swell. The load current THD is 24.81% due to presence of non-

linear loads. Because of that harmonics contents in load current increases. 
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Fig.10 Grid current Harmonic Spectrum and THD 

Fig.10 shows the THD of source current during swell. After use of UPQC the THD of source current reduces 1.86%. 

As UPQC eliminates all kind of problems due to current harmonics. 

 

V.   CONCLUSION 

 

The dynamic performance of three-phase PV-UPQC has been analyzed under conditions of variable irradiation and 

grid voltage sags/swells. It is observed that PV-UPQC mitigates the harmonics caused by nonlinear and maintains the 

THD of grid voltage, load voltage and grid current under limits of IEEE-519 standard. The system is found to be stable 

under variation of irradiation from 1000W/m
2
 to 500W/m

2
. It  can be seen that PV-UPQC is a good solution for modern 

distribution system by integrating distributed generation with power quality improvement. Also ,the THD of grid 

current is within the limit that is lees than 5%.  
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APPENDIX 

System parameters 

AC Line Voltage 415 V 

Line Frequency 50 Hz 

Bridge Rectifier Load with R-C 10Ω,1mF 

DC-link Voltage 700V 

DC-link Capacitor 9.3 mF 

Shunt compensator interfacing inductor 1 mH 

series compensator interfacing inductor  3.6 mH 

Series Injection Transformer  5.35kVA,239.6V/69V 

Rating of series compensator 5.35kVA 

Rating of shunt compensator  24.8kVA 

Ripple Filter   10μF, 10Ω 

DC link PI controller gains   =1.5,  =0.1 

MPPT controller voltage step size 2V 

MPPT Sampling time 0.03sec 

Series VSC PI gains for d and q axis    =-1,  =0 

Shunt VSC hysteresis controller band 0.01A 
Series VSC voltage hysteresis controller band 0.1V 
PWM Switching frequency of VSC 10 kHz 
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