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ABSTRACT 
A new face of research is witnessed in recent decade to incorporate the dual functionality in designing the PV 

inverter which are merged with the benefits of customized power conditioner. The benefits of reactive power 

control strategies with PV inverters are provided. These inverters do the dual function of Grid interconnection as 

well as PV inverter behaves as a source for DC supply of CPD. In literature a special class of theses inverters are 

sited frequently which can perform both function of integrating solar with the grid as well as mitigating power 

quality issues. In the view of present scenario this paper presents the performance analysis of such customized 

converters with PV integration namely; PV-DSTATCOM, PV-DVR, PV-UPQC. The combination of solar PV 

systems and CPDs offers multiple solutions of power quality enhancement and clean energy generation. This 

thesis presents most popularly used three types of compensating devices namely STATCOM, DVR and UPQC. 

These devices in conjunction with solar energy presents an energy efficient compensation system which can 

supply active as well as reactive power as per the requirement. These devices are discussed in detail in the 

coming section with simulation results to presents their utility in enhancing power quality of distribution system. 

Keywords - Custom Power Devices (CPDs), Dynamic Voltage Restorer (DVR), Unified Power Quality 

Conditioner (UPQC), Solar Power Generation, DC-DC boost converter, Maximum Power Point Tracking 

(MPPT). 
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I. INTRODUCTION 

India is heading towards increased 

Distributed generation (DG) based on sustainable 

has appeared as a demanding part of research 

between investigators to conflict the issue of 

maximizing the penetration of solar [1]. In PV based 

Distributed Generation Systems (PVDGS), 

electronic interfacing originates critical Power 

Quality (PQ) issues [2-4] of harmonics in generation 

and compensation of reactive power which make the 

distribution of power system inferior. To boost 

PVDGS penetration, reactive power adjustment is 

required to maintain a sufficient level of power 

standard. A wide range of converter topologies are 

being investigated in order to lower these agitated 

barriers in the expanding microgrid system [5]. 

Current trends center on obtaining gadgets that serve 

several purposes in order to address different 

standardization issues related to electricity 

simultaneously. PQ issues include voltage spikes 

and dips brought on by network outages, lightning 

strikes, and switching capacitor banks. Reactive 

power disturbances and harmonics in the power 

distribution system are caused by the overuse of 

non-linear loads (computers, lasers, printers, 

rectifiers, etc.) [6]. It is very essential to overcome 

this type of problems as its effects adversely to the 

other connected loads and power system devices.  

Modern day power grid has a number of 

DG sources integrated into the grid [7, 8]. This 

involves the use of Power Electronic Controllers for 

controlling the power flow that has led the idea of 

Custom Power [9]. Custom power is relevant to the 

use of power electronic controllers for distribution 

systems. This enables the end consumer to receive a 

pre-specified quality power. It not only meets the 

rising demand, but improves the quality and fidelity 

of power supply.  
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These are Custom Power Devices, which 

led a new face of research in recent decade to 

improve the power quality of the system as well as it 

can incorporate the functionality of PV inverter. The 

benefits of reactive power control strategies with PV 

inverters are provided. These inverters do the dual 

function of Grid interconnection as well as PV 

inverter behaves as a source for DC supply of CPD 

[10]. In literature a special class of theses inverters 

are sited frequently which can perform both function 

of integrating solar with the grid as well as 

mitigating power quality issues. In the view of 

present scenario this paper presents the performance 

analysis of such customized converters with PV 

integration namely; PV-DSTATCOM, PV-DVR, 

PV-UPQC. Their comparative analysis is also 

presented on the basis of their performance 

efficiency.  

II. POWER QUALITY IMPROVEMENT 

(PQI) TECHNIQUES 

In India, Numerous PQI studies that focus 

on reducing PQ difficulties are documented and 

encourage the seamless integration of renewable 

energy sources into the grid; however, each 

mitigating techniques have significant shortcomings, 

there will be ongoing study conducted in this field in 

the future. As shown in Figure 1, PQI techniques 

that emphasize the integration of renewable energy 

can be roughly divided into two categories: voltage 

quality improvement (VQI) and current quality 

improvement (CQI) [11]. 

In particular, VQI approaches address the 

reduction of voltage and frequency fluctuations in 

distributed generators (DGs), while CQI techniques 

address the correction of current harmonics resulting 

from the DG systems or load bus and grid bus, 

respectively.  

While current harmonic correction is the 

focus of CQI techniques, voltage and frequency 

variation in DGs is primarily mitigated by VQI 

approaches. Because of the DG systems themselves, 

or the grid bus and load bus, in turn. Custom power 

devices (CPDs), energy storage (ES) techniques, 

energy conversion optimization, [12], spinning 

reserve (SR), and a few other specialized techniques 

based on variable frequency transformer (VFT) [13] 

and virtual synchronous machine (VSM) concept are 

further subclassifications of VQI techniques. Passive 

filters (PFs), shunt and series active power filters 

(APFs), hybrid filters, smart impedance, [14], and 

multifunctional differential generators (DGs) are 

among the further subcategories of the [15] CQI 

approaches. This work presents the PQI using PV-

connected CPDs. 

 

Fig. 1 Power quality improvement (PQI) techniques 

The combination of renewable energy and 

conventional distribution networks has changed 

power companies' policies about management, 

control, and dependability. PQ as well as distribution 

network security. An essential component of a 

dependable electric power supply to the loads is 

good power quality (PQ). In both modern (using 

renewable energy) and traditional (not using 

renewable energy) distribution networks, CPDs are 

crucial in offering a cost-effective improvement of 
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PQ. When Hingorani initially proposed the concept 

of custom power (CP) in 1995, it was defined as 

value-added electricity that other service providers, 

such as electric utilities, may deliver to their clients 

in the future. Custom Power Devices (CPD) are a 

group of power electronic devices or a collection of 

instruments designed to address power quality 

problems that have been seen in low voltage (LV) 

distribution networks. The increasing accessibility of 

semiconductor switches and state-of-the-art 

advancements in power electronics technology help 

the advancement of CPD technology. Since, CPDs 

can significantly reduce the PQ problems related to 

renewable DG systems, their use and all forms of 

research development are widely documented in the 

literature. 

III. PROPOSED WORK 

For supplying reactive power, converters of 

the renewable can be improvised to response as a 

compensating device. This is the concept used in this 

work for designing power quality conditioner based 

on solar power conversion system. This paper 

presents most popularly used three types of 

compensating devices of distribution system, namely 

STATCOM, DVR and UPQC. These devices in 

conjunction with solar energy presents an energy 

efficient compensation system which can supply 

active as well as reactive power as per the 

requirement. These devices are discussed in detail in 

the coming section with simulation results to 

presents their utility in enhancing PQ. This research 

work is divided into two parts; firstly, to integrate 

large solar farms with the existing utility system and 

secondly to improve the power quality of the grid 

under various contingency conditions. All the three 

CPDs under study is modelled in MATLAB. 

        For providing shunt compensation, 

DSTATCOM is proposed to design in matlab 

simulation software and performance analysis will 

be carried for linear loading which is the stable 

operating condition, non-linear loading which 

introduces harmonic in the voltage and current 

profile and under the condition of voltage 

fluctuations which may be the results of voltage sag 

or swell. Another part of DSTATCOM is to propose 

a control architecture which can simultaneously 

integrate solar with the grid in addition of providing 

power conditioning. The MATLAB simulation 

model of the PV-DSTATCOM is shown in figure 2.   

DVR is a series compensation preferred to 

compensate for voltage fluctuations whether sag or 

swell [16]. It injects the voltage required for 

balancing imbalanced voltages. The active power 

required for this is obtained by DC-source, 

conventionally a battery is connected which charges 

the DC-Link Capacitor (DCLC). In this research PV 

charges the capacitor or battery and supplies both 

active power as required by the load or reactive 

power as required to regulate the load bus voltage. In 

the early phase of evolution of DVR various modes 

of operations were identified namely; stand-by, 

where it is isolated through circuit breaker when 

compensation is not-required. Another is injection-

mode, where DVR injects the required voltages 

under the condition of voltage fluctuations at load 

bus. One more mode in which DVR operates is 

protection mode, when high fault current flows in 

the system DVR activate its protection mode to 

protect itself from damage due to high currents 

flowing in the system. The transition among these 

stages has changed drastically as the technology 

evolved in power conversion. The Matlab simulation 

model of PV-DVR is shown in figure 3. 

In this work, UPQC is designed with VSI 

based converter topology and integrated with solar 

energy. The proposed topology of the PV-UPQC is 

presented in figure 4, the UPQC is designed as 

UPQC-L topology with VSI based converter. The 

controller is designed so as to generated the 

reference signal as per the grid parity and comparing 

it with VPV, to generate the gating signal in 

synchronous references. Left side convert acting as a 

current source is shunted directly at load side and 

compensates the harmonics as well as maintains PF. 

Right side converter acts as controlled voltage 

source to regulate the load voltage and is coupled 

using coupling transformer. The choice of shunting 

the converter at load side or source side depends 

upon the type of compensation required in the 

system and same is applicable to the series 

converter. The PV-UPQC proposed in this work will 

simultaneously mitigate load current harmonics 

injection as well as will regulate the VSS. The 

design parameters for the work are shown in table 1. 



Nidhi Kurmeti, et. al. International Journal of Engineering Research and Applications 

www.ijera.com 

ISSN: 2248-9622, Vol. 14, Issue 6, June, 2024, pp: 16-23 

 

 
www.ijera.com                                 DOI: 10.9790/9622-14061623                                        19 | Page 

 

 

 

Fig. 2 Simulation Model of the proposed PV-DSTATCOM 

 

 
Fig. 3 Simulation model of PV-DVR 

 

 
Fig. 4 Simulation model of PV-UPQC 

 

Table- 4.1 Design Parameter 
 

S. No. Parameter Values 

1 Nominal Voltage  415 V 

2 PV-voltage 600V 

3 Supply Freq. 50Hz 

4 Coupling Tran. VA rating 100 KVA 

5 Coupling trans. Resistance and 

reactance 

200 Ω, 0.05 

H 

Filter parameter for DSTATCOM 

6 RL series branch 1 Ω, 25mH 

7 RC shunt branch 1 Ω, 450μF 

Filter parameter for DVR 

8 RL series branch 0.1 Ω, 25mH 

9 RC shunt branch 280μF 

Filter parameter for UPQC 

10 RL series branch 1 Ω, 15mH 

11 RC shunt branch 1 Ω, 160μF 

 

IV. SIMULATION RESULTS 

MPDS has wild case of voltage fluctuations 

sometimes sags due to faults which can be either 

open circuit or short circuit or sometimes swell due 

to sudden load curtailment or impulsive generations 

etc. both cases are sensitive for retaining system 

stability. Hence, results are presented for PV-

DSTATCOM for SVSS at source side. Through 

programmable source block swell in source voltage 

is created upto 1000 peak volt for the duration of 

0.1-0.2 sec and simultaneously Three Phase-Fault 

(TPF) occurs for 0.3-0.4 sec as shown in figure 5 

This causes the source voltage to fluctuate and also 

affects the load bus profile as shown in figure 6 The 

results shows that PV-DSTATCOM is unable to 

regulate the load bus voltages and harmonics  both at 

source side as well as load is side is too high of the 

order of 30% and 12% ass shown in figure 7 and 

figure 8 respectively. Hence thorough analysis of 

results shows that DSTATCOM has capability to 

mitigate harmonics and can maintain power factor 

but voltage regulation cannot be taken care by it. 
 

 

Fig. 5 Source voltage and current for voltage sag and swell 

with non-linear load with PV-DSTATCOM 
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Fig. 6 Load voltage and current for voltage sag and swell 

with non-linear load with PV-DSTATCOM 

 
Fig. 7 THD of source side voltage 

 

 
Fig. 8 THD of load side voltage 

 

The foremost choice of DVR is in 

mitigation of voltage unbalance and deviation with 

respect to nominal rated voltage. Hence the proposed 

topology is also analysed for SVSS with non-linear 

load connected at load bus. The source undergo 

voltage swell and a TPF also occurs due to which 

source profile undergoes sever fluctuations as shown 

in figure 9. DVR successfully maintains the load 

voltage rated value as shown in figure 10. But high 

harmonics are injected due to non-linear load as 

shown in figure 11 and figure 12 respectively are 

very high. 

 

Fig. 9 Source voltage and current under the condition of voltage 

sag/swell 

 
Fig. 10 Load voltage and current under the condition of voltage 

sag/swell 

 
Fig. 11 THD of source side voltage 

 

Fig. 12 THD of load side voltage 

Under the non-linear load, PV-UPQC 

maintains the source current profile within limit of 
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harmonics of 2.5% and load voltage harmonics are 

also low having 2.5% THD. For SVSS the source 

profile is shown in figure 13. A high fault current of 

the order of 160 KA flows in the system and the 

source voltages also fluctuates violently as shown in 

figure 14. The PV-UPQC eliminates the THD at 

source side successfully as shown in figure 15 and 

figure 16, also load voltages are regulated as per the 

grid code requirement.  

 

Fig. 13 Test case with PV-UPQC (source voltage and current) 

 

Fig. 14 Test case with PV-UPQC (load voltage and current) 

 

Fig. 15 THD of source side voltage 

 

Fig. 16 THD of load voltage 

V. RESULT DISCUSSION 

For providing compensation, DSTATCOM, 

DVR and UPQC is proposed to design in matlab 

simulation software whose design parameter is 

shown in Table-1. The performance analysis is 

carried for linear loading which is the stable 

operating condition, non-linear loading which 

introduces harmonic in the voltage and current 

profile and under the condition of voltage 

fluctuations which may be the results of voltage sag 

or swell. For the result analysis of all the PQI 

techniques discussed in this work, it can be observed 

that PV-UPQC has better performance efficiency in 

terms of simultaneous voltage regulation at source 

side as well as load side. Also, it mitigates the 

harmonic content in source and load profile. The 

comparison for all the presented converters is given 

in Table 2. 

 

Table-2 Comparative analysis of THD 

percentages 

Compensati

ng Device 

Source 

voltage 

THD % 

Load 

Voltage 

THD % 

Source 

Current 

THD% 

Load 

current 

THD % 

PV-

DSTATCO

M 

30 12.3 43 30.8 

PV-DVR 12.3 2.24 43 28 

PV-UPQC 0.2 1.2 0.1 28 

VI. CONCLUSION 

A solar photovoltaic system integrated 

along with power conditioning capabilities has been 

proposed in this work which can mitigate power 

quality issues. Comparative analysis of UPQC, 

DSTATCOM and DVR can assist to decide the use 

of best suitable device in addressing the numerous 

power quality issues. Integrating PV array along 

with DSTATCOM, DVR and UPQC, gives the dual 

benefits of clean energy generation along with active 
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filtering which is major scope of this work. 

Compared to conventional grid connected inverters, 

the solar PV integrated power conditioners may have 

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. 

These converters can also be used as PV integrating 

devices in addition of mitigating PQ issues. 

Simulation results for all the designed converters are 

presented for simultaneous mitigation of sag and 

swell. The result comparison shows that. 

DSTATCOM efficiently improves harmonic profile 

of the load voltages, but it cannot successfully 

eliminate load voltage fluctuations and the DVR can 

regulate the voltage fluctuations but harmonic 

content is still high. On the other hand, UPQC can 

mitigate voltage fluctuations completely as well as, 

it can eliminate source and load voltage harmonics 

simultaneously. 
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