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Abstract 

Voltage stability in integrated photovoltaic (PV) distribution systems is crucial for enabling the efficient 

operation of all linked equipment in the distribution network. Maintaining voltage profiles is one of the 

difficult issues in PV integration. The major goal is to sustain a load with a constant voltage profile of 22 

kVA. It is decided to use a single-phase PV integrated distribution system. The usage of differential inverters 

in the unified power quality conditioner's dynamic voltage restorer (DVR) and distribution static synchronous 

compensator (D-STATCOM) is new (UPQC). Syncing a 10 kW solar PV system with the distribution grid is 

the goal. system employing this brand-new UPQC with a fuzzy controller. It derives the best control method 

for the UPQC with battery energy storage system. For the PV integration and to improve the voltage stability 

of the distribution system, a 20 kVA UPQC is created. The total harmonic dispersion of the system is 

decreased by assuming constant values for the distribution system's frequency, voltage, and 

reactance/resistance ratio. 

 

INDEX TERMS: DVR, PV, D-STATCOM, UPQC. 

 

1. Introduction 
The utility should supply power at the rated voltage and frequency meeting the power quality (PQ) standards. 

The present-day PQ issues include high reactive power consumption due to low power factor loads, the low 

harmonic current burden due to non-linear 

loads such as converters, battery chargers, mercury vapour lamps, computers, welding sets, arc furnace, etc. 

Moreover, the loads in distribution supply may not be in a balance due to single-phase loads. photovoltaic (PV) 

system is a renewable energy source and is pollution free. Integration of PV will reduce the general energy 

requirement and losses in the distribution system. Although there are studies that explore the possibility of PVs 

providing reactive 

power [1, 2], the most common equipment on the market is deficient in its ability to supply reactive power to 

the system. Measures to mitigate these PQ issues is the need of the hour in the power sector. Unified PQ 

conditioner (UPQC) is a compensating device widely used for PQ improvement of the system. It has two 

Voltage Source Inverter (VSIs), namely distribution static synchronous compensator (D-STATCOM) and 

dynamic voltage restorer (DVR). Dynamic compensation of reactive power is essential in the system and D-

STATCOM is an excellent choice for the above compensation, as it will work with extra active filtering 

functionality. The DVR is mainly used to eliminate voltage-sag and swell, the two VSIs connected in 

differential mode (DM) and the differential inverter is explained in one of the sections separately. 

This paper presents the integration of solar PV to the grid using UPQC. The PQ indicates voltage quality and 

frequency stability. The frequency of the Indian grid is stable but the voltage profile requires improvement in 

certain areas. If the voltage changes by 1%, the power will vary by 2% for impedance type loads. Similarly, if 

the demand/generation changes by 5%, the frequency changes by 1 Hz for the integrated national (India) Grid. 

The 

output power of lights and induction motor will be affected with frequency deficiency. 

IEEE standard 1159(1995) governs the PQ of low tension (LT) voltage and currents of the power supply. The 

allowable dip limits are from 10 to 90%, which last for 0.01 to 0.06 s. The classifications in dip are temporary, 

instantaneous and momentary. When earth fault occurs in one of the lines, there will be a rise in voltage (swell) 

in other phases [3]. It is possible to realise active power compensation with the energy storage device at the 
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input of the inverter [4, 5]. 

The conventional methods of reactive power compensation are using fixed capacitors or reactors, controlled 

capacitors or reactors, static volt-ampere reactive (VAR) compensators, tap-changing transformers, excitation 

control of generators etc. These methods suffer from the dynamic adjustment of reactive power. The shunt 

reactors are in use for reducing line over-voltage and shunt connected capacitors are connected to improve 

voltage when the system load is high. Shunt capacitors and reactors are not useful in maintaining voltage under 

dynamic load variations and will not support or provide real power requirement. Usually, D-STATCOM injects 

reactive power to the grid with proper scheduling of load compensation. Also, active power can be injected into 

the line if the DC link of D-STATCOM makes use of battery energy storage system (BESS). 

To maintain the voltage at any node or bus in a power system, balancing of the reactive power generation and 

demand at that node or bus is essential. If any mismatch occurs, there will be a change in voltage. Unlike 

frequency, the voltage is a local parameter to be analysed. Each node or bus plays a role in balancing reactive 

power. Moreover, the voltage in a bus is inversely proportional to the fault level of that bus. The voltage profile 

of a power system depends on the V–Q sensitivity. It should be positive in all buses and nodes to maintain 

voltage stability. If it is found negative in any one node or bus, then the system enters in voltage instability 

mode [6]. The issue of voltage sag and swells would be taken care of by DVR with good design and control 

strategy. 

Analysis of the literature review that follows in a separate section shows that the design parameters of LCL 

filter, BESS, DVR, D-STATCOM and UPQC are missing in most of the proposals. Conventionally, grid-tied 

inverters for PV integration is in place. In this research work, the author aims to mitigate the gap by developing 

a new UPQC using differential inverters for both DVR and D-STATCOM for PV integration with the design of 

all the necessary parameters. 

 

II. LITERATURE SURVEY 

FLC-based integration of UPQC-enabled solar PV systems into the grid is a rapidly growing research area. 

Here are some recent research papers on this topic: 

[1] "Fuzzy logic controller based UPQC for harmonic suppression and reactive power compensation in grid-

connected photovoltaic system" by N. P. Kumari et al. This paper proposes a fuzzy logic controller-based 

UPQC for harmonic suppression and reactive power compensation in a grid-connected photovoltaic 

system. 

[2] "A Fuzzy Logic Controller Based UPQC for Power Quality Improvement in Grid-Connected Solar PV 

Systems" by S. K. Singh et al. This paper proposes a fuzzy logic controller-based UPQC for power quality 

improvement in grid-connected solar PV systems. The proposed system is tested using 

MATLAB/Simulink. 

[3] "Design and Implementation of Fuzzy Logic Controller based Unified Power Quality Conditioner for Solar 

Photovoltaic System" by M. G. Mehar and S. S. Rathore. This paper presents the design and 

implementation of a fuzzy logic controller-based UPQC for a solar photovoltaic system. The proposed 

system is tested using a hardware setup. 

[4] "Design of Fuzzy Logic Controller for Unified Power Quality Conditioner for Solar PV System Integration 

with Grid" by P. V. Ramakrishna and M. K. Sai. This paper proposes a fuzzy logic controller for a UPQC 

for solar PV system integration with the grid. The proposed system is tested using MATLAB/Simulink. 

[5] "Fuzzy logic controller-based UPQC for grid-connected photovoltaic systems with voltage and frequency 

control" by M. Mohammadi et al. This paper proposes a fuzzy logic controller-based UPQC for grid-

connected photovoltaic systems with voltage and frequency control. The proposed system is tested using 

MATLAB/Simulink. 

Overall, these studies demonstrate the potential of FLC-based control for integrating UPQC-enabled solar PV 

systems into the grid. However, more research is needed to optimize the design and implementation of these 

systems for practical applications. 

 

II. METHODOLOGY 
PV-integrated distribution system and UPQC 
The UPQC is one of the custom power devices which consists of D-STATCOM and DVR. D-STATCOM is 

in shunt connection with the distribution line. The primary function lies in injecting or absorbing the reactive 

power set by the controller. It is possible to achieve unity power factor in source current if the D-STATCOM 

pumps entire reactive power and losses. Using the best control algorithms, we obtain proper tracking (injected 
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current is the same as that of the reference current) and total harmonic distortion (THD) reduction of source 

current. So, the current reference generation is significant in the control strategy. D-STATCOM injects or 

absorbs active power with the BESS in the DC link. 

DVR is connected in series with the line and used for sag and swell mitigation. The load voltage remains 

constant irrespective of disturbances in current or voltage. UPQC, a combination of DSTATCOM and DVR, 

is used for PQ improvement of the system. Patel et al. [7] presented a novel control, namely synchronous 

reference frame theory-based power angle (PAC) for UPQCDG to integrate solar PV system to the grid 

effectively. Reactive power sharing of load between series and active power filters with a better kVA 

utilisation and good PQ is a major advantage.  

“In this method fuzzy is added to series controller. The total harmonic distribution values will be reduced, and 

reactive power is increased, and load voltage is stable.”  

 

Differential inverter 

The DM buck inverter consists of two dc–dc buck converters, as shown in Fig. 1, with two operating modes, 

namely the DM and the common mode (CM). DM transfers active power while the CM compensates the 

second-order ripple power arising from the differential mode. Fig. 2 shows the CM circuit diagram, which is 

self-explanatory. The design of components of the inverter is 

 
Figure.1: Control Structure of Differential inverter 

 
Figure.2: 1-phase UPQC using differential inverters 

discussed separately in the following section [25]. The control strategy is also discussed in a separate section. 

Fig. 2 shows the control circuit of the differential inverter. This circuit has an additional DC compensation 

that achieves power decoupling. The battery current will be free from double frequency ripples and the life of 

the battery will be more if decoupling is employed. Moreover, the value of the ripple capacitor can be 

reduced. 

Control strategy of UPQC 

The schematic representation for the control strategy of UPQC is given in Fig. 3 using the circuit topology as 

per Fig. 2 

Control of D-STATCOM 

First of all, it is required to calculate the active power and reactive power of the load using a positive sequence 

power measurement tool available in the Simulink library. Adding the losses of the inverter to the active 
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power and subtracting the PV power is required. The power so obtained is the power to be delivered by the 

source. 

This is given to a PWM for pulse generation of pulse for leg A of the D-STATCOM. UREF is inverted and is 

provided as the second PWM generation pulse for leg B of the D-STATCOM. The generated voltage is 

filtered using the LCL filter, as shown in the circuit diagram. The D-STATCOM injects the active power of 

the PV source and the entire load reactive power demand (the DM connection takes care). The CM connection 

is used to circulate the ripple power through switches and capacitors. The filter capacitance generates the 

second-order frequency component of active power and is connected between the alternating current (AC) 

terminal and the negative side of the battery. 

 
Figure.3: Control strategy for UPQC 

Limitations: 

FLC (Fuzzy Logic Control) can be a powerful tool for integrating UPQC (Unified Power Quality 

Conditioner)-enabled solar PV (Photovoltaic) systems into the grid, but there are several limitations that need 

to be considered: 

a) Complexity: The integration of UPQC-enabled solar PV systems into the grid is a complex process 

that involves several components, including solar panels, inverters, UPQC, and control systems. FLC-

based control can add another layer of complexity to the system, making it difficult to design and 

implement. 

b) Computational Requirements: FLC-based control requires significant computational power, which 

can be challenging to implement in real-time systems. This can result in delays in response time, 

which can impact the overall performance of the system. 

c) Tuning Parameters: FLC-based control requires the selection of appropriate control parameters, 

which can be challenging to tune. The selection of these parameters can impact the stability of the 

system, which can be a significant concern in grid-connected systems. 

d) Model Complexity: FLC-based control requires a detailed model of the system, which can be 

challenging to develop. In addition, the accuracy of the model can impact the performance of the 

control system. 

e) Cost: FLC-based control can be expensive to implement, which can be a significant barrier to 

widespread adoption. 

f) Maintenance: FLC-based control requires ongoing maintenance to ensure that the system remains in 

optimal working condition. This can be challenging and expensive, particularly for large-scale grid-

connected systems. 

Overall, FLC-based integration of UPQC-enabled solar PV systems into the grid is a promising approach, but 

it requires careful consideration of the above limitations to ensure that the system is designed, implemented, 

and maintained correctly. 
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IV. SIMULATION Results 

Simulink 

 
Figure.4: Proposed Simulink 

 

 
Figure.5: O/P response for Power of D-STATCOM & TIME 
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Figure.6: O/P response for Power of DVR & Time 

 

 
Figure.7: O/P response for PV current 

 

 
Figure.8: O/P response for Source of active power and reactive power 
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Figure.9: O/P response for Source voltage & current 

 

 
Figure.10: O/P response for Source voltage & time 

 

 
Figure.11: O/P response for Source voltage & load 
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Figure.12: O/P response for FFT analysis 

 

V. Conclusion 

The study simulates a 20 kVA, single-phase UPQC (using a PV-integrated distribution system with fuzzy for 

design) with a reduced DC link voltage of 360V.Fuzzy controller is added to series controller. To reduce 

THD, reactive load compensation of 10 kVAR and taking away the unwanted harmonics from the source. The 

source draws only active power, and the simulation results validated the input power factor as unity. The 

model achieved a load voltage of 200 V irrespective of sag and swell, with an economic model. This new 

design would find application in PV-integrated distribution systems and PV generating companies which need 

to integrate the PV generation to the utility grid for maintaining PQ standards. 

 

REFERENCES 

[1] Donadel, C.B., Fardin, J.F., Encarnação, L.F.: ‘Optimal placement of distributed generation units in a 

distribution system with uncertain topologies using monte carlo simulation’, Int. J. Emerging Electr. Power 

Syst., 2015, 16, (5), pp. 431–441 

[2] Donadel, C.B., Fardin, J.F., Encarnacao, L.F.: ‘The influence of distributed generation units penetration in 

the technical planning process of electrical 

distribution networks’, IEEE Latin America Trans., 2017, 15, (11), pp. 2144– 2151  

[3] I.P.W. Group, , et al.: ‘Recommended practice for monitoring electric power quality’. Tech. Rep., 

Technical report, Draft 5, 1994 

[4] Padiyar, K.: ‘Facts controllers in power transmission and distribution’, 2007 

[5] Hingorani, N.G., Gyugyi, L., El-Hawary, M.: ‘Understanding FACTS: concepts and technology of flexible 

AC transmission systems’, vol. 1 (Wiley Online Library, New York, NY, USA, 2000) 

[6] Kundur, P., Balu, N.J., Lauby, M.G.: ‘Power system stability and control’, vol. 7 (McGraw-hill, New 

York, 1994) 

[7] Patel, A., Mathur, H.D., Bhanot, S.: ‘A new srf-based power angle control method for upqc-dg to integrate 

solar pv into grid’, Int. Trans. Electr. Energy 

Syst., 2019, 29, (1), p. e2667 

[8] Chaudhary, P., Rizwan, M.: ‘Voltage regulation mitigation techniques in distribution system with high pv 

penetration: a review’, Renew. Sustain. Energy Rev., 2018, 82, pp. 3279–3287 

[9] Luo, L., Gu, W., Zhang, X.-P., et al.: ‘Optimal siting and sizing of distributed generation in distribution 

systems with pv solar farm utilized as statcom (pvstatcom)’, 

Appl. Energy, 2018, 210, pp. 1092–1100 

[10] Sakar, S., Balci, M.E., Aleem, S.H.A., et al.: ‘Integration of large-scale pv plants in non-sinusoidal 



Dogo Rangsang Research Journal                                                        UGC Care Group I Journal 

ISSN : 2347-7180                                                                     Vol-13, Issue-2, No. 1, February 2023 

Page | 505                                                                                            Copyright @ 2023 Authors 

 

environments: considerations on hosting capacity and harmonic distortion limits’, Renew. Sustain. Energy 

Rev., 2018, 82, pp. 176– 186 

[11] Nieto, A., Vita, V., Maris, T.I.: ‘Power quality improvement in power grids with the integration of energy 

storage systems’, Int. J. Eng. Res. Technol., 2016, 5, (7), pp. 438–443 

[12] Fujita, H., Akagi, H.: ‘The unified power quality conditioner: the integration of series-and shunt-active 

filters’, IEEE Trans. Power Electron., 1998, 13, (2), pp. 315–322 

[13] Aredes, M., Heumann, K., Watanabe, E.H.: ‘An universal active power line conditioner’, IEEE Trans. 

Power Deliv., 1998, 13, (2), pp. 545–551 

[14] Tolbert, L.M., Peng, F.Z., Habetler, T.G.: ‘A multilevel converter-based universal power conditioner’, 

IEEE Trans. Ind. Appl., 2000, 36, (2), pp. 596– 603 

[15] D Y Kiran Kumar, “DVR Transient Analysis with Saturated Iron-Core Superconducting Fault Current 

Limiter”. ISSN: 2321-9653 | Volume 9 Issue XI Nov 2021 | DOI: https://doi.org/10.22214/ijraset.2021.38833.  

[16] Kiran Kumar D Y, “Performance enhancement of large-scale industrial processes using IMC-PI 

controller design”. ISSN: 0011-9342 | Year 2021, DOI: https://doi.org/10.17762/de.vi.3031, 

http://thedesignengineering.com/index.php/DE/article/view/3031  

[17] Han, B., Bae, B., Baek, S., et al.: ‘New configuration of upqc for mediumvoltage 

application’, IEEE Trans. Power Deliv., 2006, 21, (3), pp. 1438–1444 

[18] Kolhatkar, Y.Y., Das, S.P.: ‘Experimental investigation of a single-phase upqc with minimum va 

loading’, IEEE Trans. Power Deliv., 2006, 22, (1), pp. 373– 380 

[19] Central Electricity Regulatory Commission Commission,, et al.: ‘Indian electricity grid code’, Effective 

from 1st April, 2006 

[20] Pawar, S.S., Deshpande, A., Murali, M.: ‘Modelling and simulation of dstatcom for power quality 

improvement in distribution system using matlab simulink tool’. 2015 Int. Conf. on Energy Systems and 

Applications, Pune, India, 2015, pp. 224–227 

[21] Saradva, P.M., Kadivar, K.T., Pandya, M.H., et al.: ‘Reactive and real power 

compensation in distribution line using d statcom with energy storage’. 2016 Int. Conf. on Computation of 

Power, Energy Information and Commuincation 

(ICCPEIC), Chennai, India, 2016, pp. 726–732 

[22] Singh, B., Jayaprakash, P., Kothari, D.P., et al.: ‘Comprehensive study of dstatcom configurations’, IEEE 

Trans. Ind. Inf., 2014, 10, (2), pp. 854–870 

[23] Bina, M.T., Eskandari, M., Panahlou, M.: ‘Design and installation of a± 250 kvar d-statcom for a 

distribution substation’, Electr. Power Syst. Res., 2005, 

73, (3), pp. 383–391 

[24] Singh, B., Solanki, J.: ‘A comparative study of control algorithms for dstatcom for load compensation’. 

IEEE Int. Conf. on Industrial Technology, 2006. ICIT 2006, Mumbai, India, 2006, pp. 1492–1497 

[25] Yao, W., Wang, X., Zhang, X., et al.: ‘A unified active damping control for 

single-phase differential mode buck inverter with lcl-filter’. 2015 IEEE Sixth Int. Symp. on Power Electronics 

for Distributed Generation Systems (PEDG), Aachen, Germany, 2015, pp. 1–8 

[26] Kumar, C., Mishra, M.K.: ‘A modified dstatcom topology with reduced vsi rating, dc link voltage, and 

filter size’. 2013 Int. Conf. on Clean Electrical Power (ICCEP), Alghero, Italy, 2013, pp. 325–331 IET Gener. 

 

 

 

 

 

 

- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://thedesignengineering.com/index.php/DE/article/view/3031

