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Abstract — The objective of this study is to investigate the 

application of a Unified Power Quality Conditioner (UPQC) 

in mitigating energy efficiency issues and harmonics 

resulting from non-linear loads in power networks. In this 

analysis, the UPQC is augmented by fuzzy-controlled 

Photovoltaic (PV) and Battery Energy Storage Systems 

(BESS). Typically, the photovoltaic (PV) device is 

responsible for producing active power that is utilised in 

various applications. In the event of insufficient electricity 

generation by the photovoltaic system, the Battery Energy 

Storage System (BESS) is activated to supply energy, 

particularly during prolonged voltage disruptions. The hybrid 

PVBESS system is considered to be more reliable than the 

single PV-UPQC system due to the latter's inherent instability 

and substantial dependence on environmental factors. 

Consequently, the Battery Energy Storage System (BESS) 

will exhibit enhanced voltage support capabilities as it 

progresses, diminish the power consumption associated with 

the DC-link voltage control algorithm, and sustain the 

provision of renewable energy. The Fuzzy STF-UVG 

employs a series of sequence synchronisation stages and use 

an Active Power Filter (APF) rectifier instead of a Phase-

Locked Loop (PLL) to deactivate the UPQC controller. In 

conclusion, the suggested method of utilising a fuzzy 

approach in the proposed STFUVG is evaluated against the 

conventional SRF-PLL reference frame of the UPQC-based 

classical system to showcase its effectiveness. The 

MATLAB-Simulink software is employed to verify the 

outcomes through the utilisation of many case studies. 
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I. INTRODUCTION 

Electricity is widely recognised as a crucial energy source of 

significant importance on a global scale. The utilisation of 

this energy source facilitates a heightened level of flexibility 

in one's lifestyle, leading to a corresponding rise in the 

demand for such energy. Enhancing the quality of electricity 

provision stands as a prominent objective inside 

contemporary electric power networks. In recent years, there 

has been a noticeable decline in power quality experienced by 

customers across several sectors, including industrial, 

commercial, and residential. This decline can be attributed to 

the rise in non-linear loads associated with the electric grid 

[1-2]. The decline in the quality of electric power necessary 

for essential loads has been attributed to several variables, 

including voltage sags, swells, and unbalances. Various 

solutions have been devised to address power quality 

concerns, including the development of Unified Power 

Quality Conditioners (UPQCs) systems. Previous studies 

have demonstrated the effectiveness of active power filters 

(APFs), such as shunt, series, and hybrid APFs, together with 

dynamic voltage restorers, in enhancing power quality (PQ) 

[3-5]. The utilisation of Active Power Filters (APFs) as a non-

sinusoidal current source in both single-phase and three-

phase topologies is closely associated with the application of 

nonlinear loads. This form of compensation is applicable 

exclusively in three-phase systems, with the purpose of 

mitigating harmonic currents, load imbalances, and reactive 

power generated by the loads themselves [6-8]. By employing 

series APF filters, which are non-sinusoidal voltage or current 

sources placed between the utility grid and the load, it 

becomes feasible to mitigate harmonic currents, address load 

imbalances, and manage reactive power, all while ensuring 

load voltage control [9-12]. The researchers provide a 

description of a Unified Power Quality Conditioner (UPQC) 

system that incorporates a reduced DC-link voltage in 

comparison to the commonly employed values. In the context 

of employing a shunt active filter, the interface inductor is 

interconnected in a series configuration with a capacitor, as 

visually depicted in the accompanying diagram. The 

implementation of a series capacitor in the shunt active filter 

serves two purposes: firstly, it decreases the necessary DC-

link voltage need, and secondly, it compensates for the 

reactive power of the load. This compensation is crucial in 

order to maintain a unity power factor without compromising 

the overall performance of the filter [13-14]. The P.I. 

Controller computes the error signal by subtracting the 

system output from the inverter from the system output of the 

error signal. The utilisation of a fuzzy logic controller is 

crucial for enhancing the operational efficiency of the 

inverter. The synchronisation phase technique, as described 

in references [15-18], incorporates many UPQC controls 

utilising the standard SRF-PLL. However, it fails to 

adequately address the unbalanced grid situation and 

distortions. This research paper introduces a novel approach 

to integrating parallel photovoltaic (PV) and battery energy 

storage system (BESS) interfaces with a fuzzy unified power 

quality conditioner (UPQC). The focus of this study is 

particularly on the preservation of voltage interruptions, as 

indicated by references [19-20]. Several cases are employed 

in combination with Photovoltaic (PV) systems and Battery 

Energy Storage Systems (BESS) to verify the complex output 

of the proposed Unified Power Quality Conditioner (UPQC). 

Furthermore, the use of Unified Power Quality Conditioner 

(UPQC) involves the evaluation of its output through the 

incorporation of a capacitor with a direct current (DC) 

connection. Additionally, the assessment of UPQC 

performance includes its integration with Photovoltaic (PV) 

systems and Battery Energy Storage Systems (BESS). In the 

synchronisation phase of the UPQC controller, the utilisation 

of STF is commonly employed alongside the conventional 

PLL to enhance its performance, as opposed to using UVG 

and fuzzy control techniques (referred to as STF-UVG). The 

performance of the proposed approach was superior when 

compared to the output of STF-UVG with both dynamic and 

normal SRF-PLL. The MATLAB-Simulink software is 
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employed for doing the ultimate examination of the UPQC 

discoveries put out in dynamic environments. 

II. DESIGN ASPECTS 

Figure 1 illustrates the configuration of the PV-BESS system 

integrated with UPQC. The design of the UPQC-PV-BESS 

mentioned earlier utilises a three-phase configuration. The 

Unified Power Quality Conditioner with Photovoltaic and 

Battery Energy Storage System (UPQC-PV-BESS) integrates 

shunt and series compensators, namely Active Power Filters 

(APF), which are interconnected through a DC link capacitor. 

The direct current (DC) link establishes a parallel connection 

between the photovoltaic (PV) array and the batteries. The 

photovoltaic (PV) system will be linked to the DC-Link using 

the boost converter, while the battery system will be 

connected to the DC-Link using a buck-boost converter. The 

shunt compensator serves to mitigate the existing load current 

harmonics. In contrast, a series converter functions as a 

regulated voltage source, mitigating the effects of voltage 

fluctuations, distortions, interferences, and harmonics that are 

caused by the input power source. 

 
Fig. 1: 

 Figure 1 illustrates the block diagram depicting the 

integration of a photovoltaic (PV) system with a battery 

energy storage system (BESS). Unified Power Quality 

Conditioner (UPQC) Precise measurements of PV, BESS, 

and DC connection voltages are crucial in the design process 

of UPQC-PV-BESS. The primary purpose of the shunt 

compensator is to restrict the peak output of the photovoltaic 

(PV) array, while simultaneously mitigating the presence of 

harmonics in the current used by the load. The PV array's 

maximum power point voltage can be adjusted to match the 

DC link voltage due to its direct connection to a DC bus. 

A. Design of Photovoltaic-Battery System with External 

DC-Link Support 

 
Fig. 2: 

 Figure 2 illustrates the configuration of the 

Photovoltaic-Battery Energy Storage System (PV-BESS). 

Figure 2 illustrates the components of the proposed model, 

including the suggested photovoltaic (PV) system, boost 

converter, battery energy storage system (BESS), buck boost 

converter, and controller. The improved stability of the 

Unified Power Quality Conditioner (UPQC) is attributed to 

its connection to a DC-link capacitor in conjunction with a 

buck-boost converter, as facilitated by the Battery Energy 

Storage System (BESS). This configuration enables the 

UPQC to effectively compensate for power quality issues. 

The complete power flow of the model is observable and 

conforms to equation (1). 

𝑃𝑡𝑜𝑡𝑎𝑙 = 𝑃𝐵𝐸𝑆𝑆 + 𝑃𝑃𝑉 − 𝑃𝑙𝑜𝑎𝑑𝐷𝐶𝑙𝑖𝑛𝑘  (1) 

B. PV System Modeling: 

The modelling of a photovoltaic (PV) array can be achieved 

by the utilisation of Figure 3, together with the incorporation 

of a reversed diode and a parallel current source connection. 

The grouping is distinguished by its unique parallel and series 

resistances. The presence of series resistance is necessary as 

it mitigates the challenges posed by the p-n junction to the 

electron flow. On the other hand, parallel resistance arises as 

a result of the escape current. When the incident radiation 

impinges upon the photovoltaic (PV) cell, it initiates the 

generation of an electric field within the cell. The depicted 

figure 3 illustrates the phenomenon by which the electric field 

is generated, leading to the separation of positive and 

negative charge carriers within the nearby p-n type absorbing 

material. 

 
Fig. 3: Model of Solar PV cell 

 Table 1 also shows the PV system parameters and 

battery specifications utilized in this model. 
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Table 1: PV - Bess Parameters 

III. OPERATIONAL MECHANISM OF THE PROPOSED 

CONTROL STRATEGY FOR PHOTOVOLTAIC-BATTERY 

ENERGY STORAGE SYSTEM-UNIFIED POWER QUALITY 

CONDITIONER (PV-BESS-UPQC)  

Figure 4 illustrates the control strategy employed by a 

photovoltaic (PV) boost converter to generate the necessary 

pulse for triggering the boost converter. This pulse 

determines the time interval during which the switch 

operates. On the other hand, Figure 5 depicts the control 

scheme utilised by a battery energy storage system (BESS) 

buck-boost converter to generate the required pulse for 

triggering the buck-boost converter. The pulse determines the 

time interval during which the switches operate. 

 
Fig. 4: Control strategy of PV boost converter 

 
Fig. 5: illustrates the controller architecture employed in the 

DC-DC Buck-Boost converter of the Battery Energy Storage 

System (BESS). 

A. STF UVG Technology  

In this section, we will discuss the synchronisation method 

known as the Synchronised Triangular Frequency-

Unbalanced Voltage Generator (STF-UVG). The suggested 

fuzzy-based STF UVG technology utilises a non-iterative 

approach to extract the synchronisation phases from the 

source voltage. Figure 8 illustrates the implementation of the 

Static Transfer Function (STF) technique within the Unified 

Power Quality Conditioner (UPQC) controller system. The 

matrix (3) displays the supply voltage in three distinct stages, 

while the Clarke transformation matrix is employed to 

convert the supply voltage from the abc domain to the αβ 

domain. 

 
 The separation of the distorted supply voltage into 

its fundamental component and harmonic component is 

achieved by analysing only two phases in the 𝛼𝛽-domain. The 

link is depicted in equation (3). 

 
 The term Vsα (fund) represents the fundamental 

component, whereas Vsα (har) represents the harmonic 

components in the αβ-domain. In order to establish 

synchronisation phases, it is important to have both 

fundamental components within the αβ0-domain. The 

achievement of synchronisation between the sine function 

(𝜔𝑡) and the cosine function (𝜔𝑡) can be facilitated by the 

presence of 𝑉𝑠,𝛼(𝑓𝑢𝑛𝑑) and 𝑉𝑠,𝛽 (𝑓𝑢𝑛𝑑), as exemplified in 

the fourth instance. 

 

B. Control of Shunt Compensator  

The calculation of the load current harmonic component is 

performed by utilising the suitable spectral transfer function 

(STF) in the zero-frequency domain. The Clarke matrix is 

employed for the purpose of transforming the load current IL 

abc from the abc domain to the 0-domain. The current 

flowing through the load, IL, can be decomposed into two 

distinct components: the fundamental component and the 

harmonic component. In this analysis, particular attention is 

given to the 0-domain. The hysteresis current controller 

operates by comparing the measured currents and injected 

reference currents in order to generate switching pulses for a 

shunt power electronic converter. 

C. Control of a Series Compensator 

The three-phase source voltage, denoted as Vs abc, is 

compared with the reference voltage signal, denoted as 

Vrefabc. The load voltage VL abc and reference voltage 

signal Vrefabc are subjected to a similar comparison process. 

The reference voltage of the series compensator, denoted as 

VSEabc, is utilised for enabling the desired functionality. The 

voltage indication of the PCC should be included in the 



Power Quality Assessment of UPQC with Grid Tied Solarpv-Bess 

 (IJSRD/Vol. 11/Issue 8/2023/009) 

 

 All rights reserved by www.ijsrd.com 42 

voltage resources loop under the condition that the d-frames 

are equal to the load voltage and the q-frames are equal to 

zero. Subsequently, the VSEd and VSEq variables undergo a 

conversion process from the dq-domain to the abc-domain. 

The reference voltage, VSEabc, of the injected series 

compensator was sent via a hysteresis voltage control block 

in order to generate the switching pulses for the series power 

electronic converter. 

 
Fig. 6: 

 Figure 6 illustrates the control block diagram of the 

self-tuning filter (STF) approach in the unified power quality 

conditioner (UPQC) controller scheme. The diagram 

showcases three distinct control schemes: (A) STF-UVG, (B) 

Shunt active power filter (APF) control scheme, and (C) 

Series APF control scheme.  

IV. RESULTS OF THE SIMULATION  

The simulation of the UPQC-PV-BESS system with the 

ANFIS-based STF-UVG control approach is performed using 

the MATLAB-Simulink platform, incorporating the STF-dq0 

filters (often referred to as the STF approach) in version 

R2019b. The simulation analysis include the integration of 

the projected UPQC-PV-BESS circuit, the establishment of 

the UPQC-PV-BESS control system configuration, and the 

assessment of system performance. 

 
Fig. 7: Simulation Diagram for PV based SG System 

 

 

 
Fig. 8: illustrates the simulation results for Case 1, including 

the source voltage, load voltage, and injected voltage of the 

Series Active Power Filter (APF) in (a), as well as the 

source current, load current, and shunt injected current in 

(b). 

 Case 1: Photovoltaic-Battery Energy Storage 

System Assisted Unified Power Quality Conditioner for 

Mitigation of Source Voltage Interruptions, Sags, and Swells. 

Figure 8 illustrates the performance of the Unified Power 

Quality Conditioner (UPQC) integrated with Photovoltaic 

(PV) and Battery Energy Storage System (BESS) in the 

presence of voltage disturbances originating from the Point 

of Common Coupling (PCC). These disturbances include sag, 

swell, interruption, and the addition of harmonics, as well as 

sag. The climate of India is characterised by an irradiation of 

1000 W/m2 and a temperature of 40o C. The waveforms 

observed include source voltages, load voltages, series 

injected voltages, load currents, source currents, and shunt 

currents. The graphical representation in Figure 8 illustrates 

a decrease in voltage of 0.7 per unit (pu) from 0.25 seconds 

to 0.35 seconds, followed by an increase in voltage of 1.3pu 

from 0.4 seconds to 0.5 seconds. Additionally, there is a 

concurrent occurrence of voltage increase and harmonic 

distortion, with a magnitude of 1.1pu and 0.05pu 

respectively, observed during the time interval from 0.7 

seconds to 0.8 seconds. In order to address this issue, the 

series compensating converter introduces the necessary 

voltage VSE into the system.  

 Case 2 involves the utilisation of Unified Power 

Quality Conditioner (UPQC) without Photovoltaic-Battery 

Energy Storage System (PV-BESS) support to address 
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interruptions in source voltage, as well as sag and swell 

disturbances. 

 
Fig. 9: 

 Figure 9 displays the simulation results for Case 2, 

including the source voltage, load voltage, and injected 

voltage of the Series Active Power Filter (APF) in (a), as well 

as the source current, load current, and shunt injected current 

in (b). In the second scenario, the shunt converter is required 

to maintain the source current under a nonlinear load 

condition by injecting the necessary currents, denoted as iSH 

in Figure 9, in order to elevate the source current iS to a state 

of pure sinusoidal waveform. Nevertheless, it is observed that 

the voltage across the capacitor experiences a prolonged time 

period before it attains the predetermined voltage level. 

Furthermore, a significant portion of the capacitor's voltage 

is consumed by the series Active Power Filter (APF) 

compensator. Consequently, the shunt APF compensator 

lacks sufficient support from the capacitor to inject the 

necessary compensation current for the purpose of 

compensating the source currents. Upon examination of the 

findings, it has been determined that the shunt active power 

filter (APF) compensator exhibits limited efficacy, since its 

primary function entails the maintenance of capacitor voltage 

within the shunt compensator. 

V. CONCLUSION 

The utilisation of the three-phase Unified Power Quality 

Conditioner (UPQC) control, in conjunction with Adaptive 

Neuro-Fuzzy Inference System (ANFIS), has been developed 

to enhance the understanding of various power quality issues. 

These issues include harmonics, voltage sags and swells, 

notches, and disturbances that affect the voltage grid. The 

focus is particularly on unbalanced and distorted operating 

conditions. The network experiences an increase in active 

strength through the interconnection of Battery Energy 

Storage Systems (BESS) and Photovoltaic (PV) systems with 

the Unified Power Quality Conditioner (UPQC). The main 

advantage of integrating Battery Energy Storage Systems 

(BESS) and Unified Power Quality Conditioners (UPQC) is 

in their ability to incentivize the device to both provide and 

consume photovoltaic (PV) energy. The efficiency of 

renewable energy is inherently limited by its dependence on 

environmental factors. However, Battery Energy Storage 

Systems (BESS) can help mitigate the issue of limited 

availability of renewable power sources. The integration of 

photovoltaic (PV) systems and battery energy storage 

systems (BESS) into a Unified Power Quality Conditioner 

(UPQC) might be seen as a feasible decentralised power 

generation solution to enhance the efficiency of the existing 

distribution system. The proposed control mechanism 

implementation successfully complied with the IEEE 519 

standard for harmonics. The proposed methodology exhibits 

the potential to enhance the average output voltage of the grid 

through the implementation of ANFIS regulation. 
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