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 The recent trends show the interconnection of PV system with electric grid. 

With this configuration the issue of harmonics comes into existence. The 

mounting figure of power-electronic instruments has formed considerable 

impression on the power-quality of electric supply. Harmonics deformations 

have conventionally been handled amid the application of passive-LC filters. 

Active Filter has emerged as a good substitute for passive filters to reduce the 

harmonics to great extent as it has numerous benefits over the former filters. 

The active filter’s most vital part is the applied control strategies. Several 

researches are being under process to advance the functioning of the filter. 

One of the important control requirements of filter is the regulation of DC link 

up capacitor voltage. Here the voltage supervision of capacitor is being done 

using PI controller. The paper show current harmonics compensation of PV 

grid connected system using PI controller based active filter. Simulation 

outcomes have been shown which displays the harmonics are within the IEEE 

boundaries. 
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1. INTRODUCTION  

Harmonics have been, in modern era, a significant and rising problem due to propagation in use of 

various power electronic (PE) devices in typical power distribution systems [1]-[4]. While integrating PV 

system to grid also causes use of PE converters resulting in an increase in harmonics. Mostly, voltage 

harmonics problem results from the current harmonics. These harmonics can disturb the supply voltage and 

the whole grid configuration [5]-[7]. It is renowned that harmonic current give rise to various problems in the 

electric power supply, for instance: low pf, low down of energy efficiency, EMI issues, deformation of 

voltage, and so on [8]. So an ideal and flawless compensator is needed to sidestep the outcomes of 

harmonics. Although numerous strategies and control techniques [9] have been evolved, still the performance 

of filters is under research. 

For a growing number of operations, conventional tool proves to be inadequate for compensation of 

harmonic problem. Harmonics distortions have conventionally treated with employment of passive filters. 

However, the use of passive filter [10]-[11] may come out with parallel resonance in the system impedance, 

excess reparation of reactive power on fundamental frequency, along with reduced flexibility meant for 

dynamic reparation of diverse frequency components of harmonics. The growing severity of harmonics in 

electrical network has involved the interest of researchers to come up with dynamic and flexible solutions 

[12]-[14]. Such apparatus, usually recognized as active filter is capable to mitigate voltage and current 

harmonics. The benefit of active filter is, it automatically adapt to any variation in the electrical network or 

https://creativecommons.org/licenses/by-sa/4.0/
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the load. It can mitigate numerous harmonic orders; also not get affected via major changes within network 

characteristics, so as removing the possibility of resonance in between filter and the system impedance. 

Additionally, one more advantage is, they occupy extremely small space when compared to conventional 

passive filter.  

As an effect APF acquire great awareness owing to exceptional harmonics reparation in 1phase, 

3phase with & w/o neutral electrical systems consisting of non-linear loads [15]. APF tools have been 

beneath the study and growth for imparting reparation for harmonics, reactive-power. Voltage-harmonics 

doesn’t considerably disturb the power-quality of the grid [16] provided size of PV-system is comparatively 

lesser. Current-harmonics is the utmost regular power-quality problem that is resolute by application of 

SAPF. 

The performance of SAPF depends on control strategies applied [17]. Control of DC capacitor 

voltage, generation of reference current and generation of gate pulse are the main concern while operating 

SAPF. Several methods have been used and under research to control these factors of SAPF. Here in this 

paper focus is on the management of DC link up capacitor voltage using PI controller. Method used for 

reference current generation is the dq theory [18] and hysteresis current controller (HCC) is being used for 

controlling the gate pulse [19]. 

 

 

2. SAPF CONFIGURATION 

For this configuration of circuit, a PWM based VSI is used, that operates in current control mode 

[20]. The current compensation is performed into time domain specification for quicker response. The 

objective is to establish compensating current on the parallel point such that the supply current becomes 

sinusoidal, since this SAPF is used for cancelling the current harmonics. Figure 1 represents the simplified 

drawing of SAPF. 

 

 

 
 

Figure 1. Simplified diagram of SAPF 

 

 

3. DC LINK UP VOLTAGE REGULATION 

At the instant when load fluctuates, equilibrium of active power between supply mains and load gets 

disturbed [21]-[23]. This active power distinction has to be balanced through DC capacitor. This moves the 

voltage of DC capacitor away from set reference voltage. This active power absorbed/delivered by the 

capacitor repays the power distinction between the power devoured by the load and the power provided from 

source [24]. If the voltage of capacitor is improved and reaches to reference voltage, active power provided 

by the supply source is believed to be same as absorbed by load again.  

For controlling and maintaining voltage of DC link up capacitor, active power flow into SAPF 

requires regulation [25]. If the flow of active power in SAPF be maintained equivalent to losses inside it, the 
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voltage of DC link up capacitor can be preserved at required reference value. Consecutively, to uphold the 

DC linkup voltage constant and to produce the compensating recommended current, PI controller is 

developed. 

 

3.1.  Dc linkup voltage regulation with PI controller 

Figure 2 demonstrates the internal configuration of PI controller. Comparison of actual voltage of 

capacitor with a fixed reference value is done, error signal so generated is then provided as input to the PI 

controller that contributes towards zero error in calculating the generation of reference current. 

 

 

 
 

Figure 2. PI-controller design 

 

 

4. SIMULATION RESULTS 

The “performance evaluation” of SAPF is carried on using MATLAB 2018. Figure 3, represents the 

simulation model for PI based SAPF for harmonic mitigation of PV grid connected system. Figures 4 

represents the THD of current at PCC with no SAPF, also distorted wave with harmonics is shown in  

Figure 5. Figure 6 represents THDi with SAPF. As seen from the figures, by connecting PI controller based 

SAPF, the THD-current has been reduced to 3.87% from 28.38%. Also from Figure 7 it’s seen that 

harmonics are at minimum level providing the near about sinusoidal waveform of PCC current in comparison 

to distorted wave with harmonics. 

 

 

 
 

Figure 3. Simulink model of SAPF connected to PV-grid system 
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Figure 4. THD analysis of current at PCC 

 

 

 
 

Figure 5. Current-waveform at PCC 

 

 

 
 

Figure 6. THDi at PCC with SAPF 
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Figure 7. Current-waveform at PCC 

 

 

5. CONCLUSION 

The modelling and operation of SAPF is described illustrating performance assessment for 

compensation of harmonics. SAPF has been connected at PCC to compensate for current harmonics. To do 

so PI controller has been used to operate the SAPF effectively. The current harmonics has been reduced to a 

THD of 3.87%. It has been shown that by using SAPF next to PCC, the harmonics of PV grid connection can 

be maintained within the IEEE Std limit of 5%. The control method of PI based SAPF has reduced the 

harmonic distortion of current, also the dc linkup voltage of SAPF is nearly maintained constant to the fixed 

reference value in all circumstances. 

 

 

REFERENCES  
[1] A. Q. Al-Shetwi, and M. Z. Sujod, “Grid-connected photovoltaic power plants: A review of the recent integration  

requirements in modern grid codes,” Int. J. Energy Res, vol. 42, no. 5, pp: 1849-1865, 2018, doi: 

https://doi.org/10.1002/er.3983. 

[2] N. Joshi and P. Nema, "Voltage Stability Enhancement of Wind Based Distributed Generation System By 

SVC," 2019 International Conference on Smart Systems and Inventive Technology (ICSSIT), 2019, pp. 1234-1236, 

doi: 10.1109/ICSSIT46314.2019.8987963. 

[3] S. Kouro, J. I. Leon, D. Vinnikov and L. G. Franquelo, "Grid-Connected Photovoltaic Systems: An Overview of 

Recent Research and Emerging PV Converter Technology," in IEEE Industrial Electronics Magazine, vol. 9, no. 1, 

pp. 47-61, March 2015, doi: 10.1109/MIE.2014.2376976. 

[4] H. de Faria Jr, F. B. M. Trigoso, and J. A. M. Cavalcanti, “Review of distributed generation with photovoltaic grid 

connected systems in Brazil: Challenges and prospects,” Renewable and Sustainable Energy Reviews, vol. 75, pp: 

469-475, 2017, doi: https://doi.org/10.1016/j.rser.2016.10.076. 

[5] A. B. Mohammed, and M. A. M. Ariff, “The enhancement of power quality for the distribution system via dynamic 

voltage restorer,” International Journal of Power Electronics and Drive System (IJPEDS), vol. 11, no. 3, pp: 1588-

1595, 2020, doi: 10.11591/ijpeds.v11.i3.pp1588-1595. 

[6] Z. Chang and S. Tao, “Power Quality Analysis of Photovoltaic Generation Integrated in User-Side Grid”, 

International Journal of Computer and Electrical Engineering, vol. 5, no. 2, pp: 179-182, April 2013, doi: 

10.7763/IJCEE.2013.V5.690. 

[7] A. Golshani, W. Sun, Q. Zhou, Q. P. Zheng and Y. Hou, "Incorporating Wind Energy in Power System Restoration 

Planning," in IEEE Transactions on Smart Grid, vol. 10, no. 1, pp. 16-28, Jan. 2019, doi: 

10.1109/TSG.2017.2729592. 

[8] J. Kumar, N. R. Parhyar, M. K. Panjwani, and D. Khan, “Design and performance analysis of PV grid-tied system 

with energy storage system”, International Journal of Electrical and Computer Engineering (IJECE), vol. 11, no. 

2, pp. 1077-1085, April 2021, doi: 10.11591/ijece.v11i2.pp1077-1085. 

[9] A. N. Alsammak, and H. A. Mohammed, “Power quality improvement using fuzzy logic controller based unified 

power flow controller,” Indonesian Journal of Electrical Engineering and Computer Science (JEECS), vol. 21, no. 

1, pp. 1-9, 2021, doi: 10.11591/ijeecs.v21.i1.pp1-9. 

[10] J Kaiwart, and U. P. B. Raju, “Harmonic Mitigation Techniques: A Review,” International Journal of Advanced 

Research in Electrical, Electronics and Instrumentation Engineering, vol 5, no. 11, pp: 8346-8352, 2016, doi: 

10.15662/IJAREEIE.2016.0511006. 

[11] H. A. Kazem, “Harmonic Mitigation Techniques Applied to Power Distribution Networks,” Hindawi Publishing 

Corporation Advances in Power Electronics, vol. 2013, 2013, doi: https://doi.org/10.1155/2013/591680. 

https://doi.org/10.1002/er.3983
https://www.sciencedirect.com/science/journal/13640321
https://doi.org/10.1016/j.rser.2016.10.076
http://dx.doi.org/10.11591/ijpeds.v11.i3.pp1588-1595
http://dx.doi.org/10.7763/IJCEE.2013.V5.690
http://dx.doi.org/10.11591/ijece.v11i2.pp1077-1085
http://dx.doi.org/10.11591/ijeecs.v21.i1.pp1-9
https://doi.org/10.1155/2013/591680


                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 10, No. 5, October 2021 :  2377 – 2382 

2382 

[12] Mohammed Y. Suliman, and Mahmood T. Al-Khayyat, “Power flow control in parallel transmission lines based on 

UPFC,” Bulletin of Electrical Engineering and Informatics, vol. 9, no. 5, pp. 1755-1765, October 2020, doi: 

10.11591/eei.v9i5.2290 

[13] M. Q. Taha, “Advantages and recent advances of smart energy grid,” Bulletin of Electrical Engineering and 

Informatics (BEEI), vol. 9, no. 5, pp. 1739-1746, October 2020, doi: 10.11591/eei.v9i5.2358 

[14] A. Alfergani, K. A. Alfaitori, A. Khalil and N. Buaossa, "Control strategies in AC microgrid: A brief review," 2018 

9th International Renewable Energy Congress (IREC), 2018, pp. 1-6, doi: 10.1109/IREC.2018.8362575. 

[15] P. Borazjani, N. I. A. Wahab, H. B. Hizam and A. B. C. Soh, "A review on microgrid control techniques," 2014 

IEEE Innovative Smart Grid Technologies-Asia (ISGT ASIA), 2014, pp. 749-753, doi: 10.1109/ISGT-

Asia.2014.6873886. 

[16] A. Khandelwal and P. Nema, "Harmonic Analysis of a Grid Connected rooftop Solar Energy System," 2020 Fourth 

International Conference on I-SMAC (IoT in Social, Mobile, Analytics and Cloud) (I-SMAC), 2020, pp. 1093-1096, 

doi: 10.1109/I-SMAC49090.2020.9243475. 

[17] T. M. Thamizh Thentral, K. Vijayakumar, and R. Jegatheesan, “Performance comparison of hybrid active power 

filter for P-Q theory and SVPWM technique,” International Journal of Electrical and Computer Engineering 

(IJECE), vol. 11, no. 1, pp. 84-93, February 2021, doi: 10.11591/ijece.v11i1.pp84-93. 

[18]  E. Radwan, M. Nour, A. Baniyounes, K. S. Al-Olimat, and E. Awada, “Direct control of active and reactive power 

for a grid-connected single-phase photovoltaic inverter,” International Journal of Power Electronics and Drive 

System (IJPEDS), Vol. 12, No. 1, pp. 139-150, Mar 2021, doi: 10.11591/ijpeds.v12.i1.pp139-150 

[19] C. Rejil, M. Anzari, and K. R. Arun, “Design and Simulation of Three Phase Shunt Active Power Filter Using SRF 

Theory," Advances in Electronic and Electric Engineering, vol. 3, no. 6, pp. 651-660, 2013 

[20] A. Risdiyanto, B. Susanto, N.A. Rachman, A. Muqorobin, T.D. Atmaja, and H. P. Santosa, “Design of constant 

output voltage DC-AC inverter for batteryless solar PV system,” Bulletin of Electrical Engineering and Informatics 

(BEEI), vol. 9, no. 4, pp. 1326-1334, August 2020, doi: https://doi.org/10.11591/eei.v9i4.2350. 

[21] K. B. Siddesh, B. Banakara, and R. Shivarudraswamy, “Comparison analysis of chattering in smooth sliding mode 

controlled DC-DC buck converter using constant plus proportional reaching law and proposed reaching laws,” 

Bulletin of Electrical Engineering and Informatics (BEEI), vol. 9, no. 3, pp. 1291-1298, June 2020, doi: 

https://doi.org/10.11591/eei.v9i3.1780. 

[22] V. T. Ha, T. T. Minh, N. T. Lam, and N. H. Quang, “Experiment based comparative analysis of stator current 

controllers using predictive current control and proportional integral control for induction motors,” Bulletin of 

Electrical Engineering and Informatics (BEEI), vol. 9, no. 4, pp. 1662-1669, August 2020, doi: 

https://doi.org/10.11591/eei.v9i4.2084. 

[23] U. Sultana, S. H. Qazi, N. Rasheed, and M. W. Mustafa, “Performance analysis of real-time PSO tuned PI 

controller for regulating voltage and frequency in an AC microgrid,” International Journal of Electrical and 

Computer Engineering (IJECE), vol. 11, no. 2, pp. 1068-1076, April 2021, doi: 

http://doi.org/10.11591/ijece.v11i2.pp1068-1076. 

[24] X. Fu, J. Wen, T. Liu and C. Ji, "Harmonic analysis on power grid of large scale PV grid-connected system," 2014 

IEEE Workshop on Advanced Research and Technology in Industry Applications (WARTIA), 2014, pp. 1346-1349, 

doi: 10.1109/WARTIA.2014.6976532.  

[25] P. Datar, V. Datar, S. B. Halbhavi, and S. G. Kulkarni, “Synchronous Reference Frame Theory For Nonlinear 

Loads using Mat-lab Simulink,” Journal of Emerging Technologies and Innovative Research, vol. 3, no. 6, pp. 241-

145, June 2016. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Achala Khandelwal is a Research Scholar at Department of Electrical Engineering, Oriental 

University, Indore, Madhya Pradesh; India. She has pursued Masters of Engineering from 

Institute of Technology, Devi Ahilya Vishwavidhyalaya, Indore. Her research interest includes 

renewable energy, power system. 

  

 

Dr. Pragya Nema has received her M. Tech and Ph. D. degrees from Maulana Azad National 

Institute of Technology,Bhopal, India. Currently She is Professor & Head at Department of 

Electrical Engineering, Oriental University, Indore, Madhya Pradesh, India. Her research interest 

includes Renewable Energy System, Power System Analysis Etc. She is actively involved in 

various research works in the field of renewable energy. 

 

http://dx.doi.org/10.11591/eei.v9i5.2290
http://dx.doi.org/10.11591/eei.v9i5.2358
http://dx.doi.org/10.11591/ijece.v11i1.pp84-93
https://doi.org/10.11591/eei.v9i4.2350
https://doi.org/10.11591/eei.v9i3.1780
https://doi.org/10.11591/eei.v9i4.2084
http://doi.org/10.11591/ijece.v11i2.pp1068-1076

