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Abstract: Aside from environmental concerns and the exhaustibility of fossil energy sources, becoming more economical and lowering the 

cost of installing solar systems is driving the development of photovoltaic systems for energy delivery in many nations across the world. The 

formation of harmonics in the network and the effect of PV units on it are examined in this article. In this context, an active filter in the PV 

unit is employed to eliminate network harmonics. According to the non-linear behavior of PV units, the electronic power converter is 

managed in this technique to limit network harmonics induced by the non-linear demand. The proposed technique runs on the enhanced IEEE 

33-bus system. The simulation results confirm that using the strategy provided in this article improves the power quality of this system. 
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I.INTRODUCTION 

 Photovoltaic power generation technologies are advancing, and it is projected that in the near future, with the 

advancement and development of photovoltaic power generation, as well as price reductions, they will account for a major 

portion of the world's total power generation [1].  

 The growth of PV units at the distribution network level can be beneficial in enhancing or damaging power quality [2]. 

The performance of PV units utilizing power electronic converters influences power quality indicators, particularly harmonic 

distortion and current voltage and current characteristics [3] and [4]. 

 In [5], the compensator in current control mode and the LCL output filter minimize the output harmonic current of a PV 

unit. In [6], a three-phase grid-independent photovoltaic system with a passive filter is created to improve the power quality of 

the residential grid. Harmonic injection by a solar unit linked to a single-phase network was examined and investigated in [7]. In 

addition, in [8], injected harmonics of PV units were solved using a multi-level inverter using the PSO algorithm. The research 

presented in reference [9] has been utilized in the micro grid by introducing the MFGTI algorithm to adjust for the power quality 

of the converters. One of the design's advantages is that it improves the performance of the converters' power quality. In [10], 

tests have been conducted to study the circulation current between two parallel inverters connected together in order to prove that 

the parallel connection of the inverters will reduce total harmonics. 

 On the other hand, with the rising number of sensitive customers, the demand for access to stable and standard quality 

electric power has increased significantly [11], and any interruption or shift outside the standard range in the quality of delivered 

power would result in economic loss [12]. According to these difficulties, using strategies that reduce network harmonics has a 

high value. Using an active filter to minimize harmonics in the power system enhances system power quality [12]. 

In this paper, active filter is used to improve harmonics of the power system and the PV system.  

 
II.USING AND MODELING THE PV UNIT 

 A PV array is made up of photovoltaic panels connected in series and parallel [13]. The energy produced by 

photovoltaic arrays is affected by variables such as temperature and radiation. 

 

2.1. Mathematical Equations of the PV array Model  

 Equivalent circuit of a PV cell is shown in Figure 1. This model is called the parallel resistance model of a PV cell, 

described using Eq. (1) [14], [15]. 
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                          Figure 1. Equivalent circuit of a PV ell 

  
Diode current (ID) is described using Eq. (2). 
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Current resulting from irradiation is described using Eq. (4) [15].  
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2.2. Maximum power tracking in PV array  

              Because the voltage-current characteristic of solar modules is affected by environmental factors such as temperature, the 

sun's radiation, and the load connected to it, by selecting the array's optimal working point, you can extract the maximum power. 

As a result, by employing maximum power point tracking techniques, the quantity of power received from the array can be kept 

at its maximum [16]. 

            The P&O technique is utilized in this article to track the maximum operating point [17]. This algorithm's adjustments are 

done in such a way that if the output power increases after a slight variation in the operating point, the next changes should be 

made in the same direction. 

                                                                  Figure 2. General rule of MPP tracking 

 

According to Figure 2., the P&O method is modeled by the following terms.  

If 0pv

pv

dP

dV
 , then the operating point is on MPP.  

If 0pv

pv

dP

dV
, then the operating point is on the left side of MPP.  

If 0pv

pv

dP

dV
, then the operating point is on the right side of MPP.  

Flowchart of the P&O method is shown in Figure 3.  

 

 

 

 

 

http://www.ijsreat.com/


Improving Power Quality of the Distribution Network by Connecting Photovoltaic Units in order to reduce the Harmonics using the 
Network Active Filter Resulting from the Nonlinear Load 

 

    Published By: Fifth Dimension Research Publication   www.ijsreat.com     50 | P a g e 
 

 

 
                                Figure 3. Flowchart of maximum power absorption in solar array based on P&O method  

 

2.3. Modeling the Inverter of the PV unit 

 This article's electrical power converter is modeled using a three-lelvel IGBT bridge, and bandwidth modulation 

control. Figure 4. shows the control block diagram and how to link to the power electronic converter network. The inverter 

control system in this model consists of the five systems listed below: 

2.3.1. The (P&O) approach is used to control the maximum power point tracking[17].  

2.3.2. DC voltage regulator: current regulation and current extraction in static reference Id and Iq [18].  

2.3.3. Current regulator: a regulator of the inverter's reference voltage based on the static reference currents Id and Iq [19].  

2.3.4. Phase lock lopp: used to synchronize the voltage and measure the network's current and phase [20].  

2.3.5. Bandwidth modulation control: The fire angle of the IGBTs is determined by the required reference voltage. The carrier 

frequency in this case is set at 1980 Hz (60 x 33) [20]. 

 

 
 
                                                          Figure 4. Block diagram of the inverter control system 

 

III.THE METHOD PROPOSED TO IMPROVE POWER QUALITY OF THE HARMONICS RESULTING FROM 

NONLINEAR LOADS 

 One of the photovoltaic unit's characteristics is that its electronic power converter can be managed in such a way 

that the harmonic induced in the network by the non-linear demand is reduced. The harmonic of the entire network is also 

lowered using this strategy. In this article, an active filter is employed to decrease harmonics [21]. 

 The non-linear load current should be measured in this regard, and the major component of its harmonics should be 

isolated. The nonlinear load current is initially transferred from the triple reference (abc) to the stationary frame (α-β). The 

nonlinear load current is calculated as the sum of the main frequency current and harmonics. 

iLα=iLαf+ iLαh )4( 
iLβ =iLβf+ iLβh )5( 
(iLαh and iLβh) and (iLαf and iLβf) are the harmonic and primary components of the nonlinear load current in these relationships. 

The harmonic components of the load current are determined by subtracting the value of the primary component of the nonlinear 

load current from the load current, according to Eq. (4) and Eq. (5).  This method's block diagram is depicted in Figure 5.  
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                                   Figure 5. The active filter structure used to isolate the harmonic components 

 A high-pass filter (HSF) is used to separate the primary current component from the (α-β) components. The HSF 

transformation function is as follows [22]. 
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According to Eq. (6), Eq. (7), and Eq. (8), the primary current component of the HSF outputs are obtained as follows: 
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 Where iα and iβ are the primary current components, ω is the rated frequency, and K is a constant equal to 80 [23].  

 
IV.SIMULATION AND RESULTS 

4.1. Studied System  

 Figure 6. depicts the analyzed system's single-line diagram. This system consists of three distribution feeders, each of 

which is linked to a 13.8 kV bus (PCC). A 69/13.8 15MvA transformer connects the PCC to the main grid. The main network 

has a 69-kV voltage source with an X/R ratio of 22.2, and a rated power of 1000 MvA. The network is also powered by a 15MW 

capacitor bank. L1 to L5 are local linear loads. 

 

 
Figure 6. Single-line diagram of the studied system 

 

 The PV units with rated power of 5MvA is connected to PCC1 through a 13.8/0.575 transformer [24]. The PV panel 

modeled in this paper is a Y250C Yengli PV panel [25]. 

  

4.2. Simulation Results  

 In order to show the effect of the method used to reduce the harmonics of the electricity distribution network, two 

approaches 4.2.1 and 4.2.2 have been included in the simulation. 
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4.2.1. First approach, weather changes 

 In this paper, as can be seen in Figure 7, the daily solar radiation curve in the presence of passing clouds corresponds to 

the day of June 13, 2016 and the latitude of Esfahan province ("27.46'38°32 N). Also Figure 8 shows the average daily 

temperature modeled using satellite data [26] and [27] as the input data of the photovoltaic unit. 
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Figure 7. Daily solar radiation in the presence of passing clouds 

 

Corresponding to June 13, 2016 and Esfahan province latitude  

 

 
 

Figure 8. Daily temperature Corresponding to June 13, 2016 and Esfahan province latitude 

 

 
                              Figure 9. daily solar radiation in the presence of passing clouds in Simuling/Matlab (PV input) 
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Figure 10. DC electric power of the PV unit 

 

 Figure 9. shows the solar radiation curves used as PV input. Also, the DC power of the PV units considering the 

variable inputs of temperature and solar radiation are given in Figure 10.  

 

4.2.2. Second Approach, Reducing Network Harmonics  

 A nonlinear load is connected to the PV bus in the distribution system. The nonlinear load current is injected into the 

grid with a total harmonic distortion equal to 26.21%. Table 1. shows the harmonic characteristics of the nonlinear load. 

 

                                                Table 1. Harmonic characteristics of the nonlinear load  
THD Eleventh harmonic Seventh 

harmonic 

Fifth 

harmonic 

Fundamental 

harmonic 

(60) 

Harmonic 

order 

26.21 9.09 14.29 20 100 Amplitude 

(%) 
  

 The harmonic characteristics of PCC and PV bus voltages before and after the proposed active filter are summarized in 

Table 2. 

     Table 2. Harmonic characteristics of the voltage waveforms with and without the proposed active filter 

Voltage of PCC (%) Voltage of PV (%)  

WO filter Filter WO filter filter Harmonic order 

100 100 100 100 Fundamental (60) 

2.89 2.27 4.88 4.15 fifth 

3.66 2.65 5.29 3.89 seventh 

1.9 1.52 0.19 0.15 eleventh 

5.05 3.82 8.04 6.79 THD (%) 

  

 According to Table 2, the fifth harmonics in the PCC and PV buses have been reduced by 1.2 and 1.1%, respectively, in 

the presence of the filter. Also, the 7th and 11th harmonics in PCC and PV buses have been reduced by 1.3, 1.3, 1.2 and 1.2%, 

respectively. The harmonic distortion coefficient (THD), the voltage of PCC and PV buses have also been reduced to 1.3% and 

1.1%, respectively. Also, the harmonic characteristics of the current of PCC and PV buses before and after the proposed active 

filter are summarized in Table 3. 

 

 Table 4. Harmonic characteristics of the current waveforms with and without the proposed active filter  

Current of PCC (%) Current of PV (%)  

WO filter Filter  WO filter filter 
Harmonic 

order 

100 100 100 100 
Fundamental 

(60) 

14.26 5.53 9.74 5.8 fifth 

12.88 4.62 4.82 2.16 seventh 

4.25 1.65 3.79 1.96 eleventh 

19.89 7.59 12.12 6.50 THD (%) 

 

 In Table 3., the fifth harmonics of the current of the PCC and PV buses are shown, which are reduced by 2.5 and 1.6%, 

respectively, in the presence of the filter. Also, the 7th and 11th harmonics in PCC and PV buses have been reduced by 2.7, 2.2, 

2.6 and 1.9%, respectively. The harmonic distortion coefficient (THD) of the voltage of the PCC and PV buses has also 

decreased to 2.4% and 1.8%, respectively. 
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V.CONCLUSION 

  In this article, the effect of using an active filter to reduce harmonics caused by photovoltaic sources and nonlinear loads 

has been evaluated. The proposed method, with its special control approach, has the necessary efficiency and accuracy to 

reduce grid harmonics despite the nonlinear load and nonlinear temperature and radiation curve of photovoltaic units. The 

simulation results show that using the proposed method reduces harmonics in two situations of nonlinear load or changes in 

weather conditions. 

 

REFERENCES 
[1]D. Naghaviha, H. Nikkhajoei, and H. Karimi, Step-by-Step Design of Large-Scale Photovoltaic Power Plants, John Wiley & Sons, 2022. 

[2] M.Q. Duong, T.D. Pham, T.T. Nguyen, A.T. Doan, and H.V. Tran, “Determination of optimal location and sizing of solar photovoltaic 

distribution generation units in radial distribution systems”, Energies, 12(1), p.174, 2019. 

[3] B.C.V. Chakravarthi, and G.S.K Rao, “Impact of Power Quality Issues in Grid Connected Photovoltaic System”, 4th International 

Conference on Electronics, Communication and Aerospace Technology (ICECA), pp. 155-158, November 2020. 

 [4] C. K. Gan, P. H. Tan, and S. Khalid, “System Performance Comparison between Crystalline and Thin-Film Technologies under Different 

Installation Conditions,” IEEE Conference on Clean Energy and Technology (CEAT), pp. 362–367, 2013. 

[5] H. M.Imran, A. Jusoh, and M. Anwari, "Photovoltaic plant with reduced output current harmonics using generation‐side active power 

conditioner", IET Renewable Power Generation 8.7: 817-826, 2014. 

[6] A. Kharrazi, V. Sreeram, and Y. Mishra, “Assessment techniques of the impact of grid-tied rooftop photovoltaic generation on the power 

quality of low voltage distribution network-A review”, Renewable and Sustainable Energy Reviews, 120, p.109643, 2020. 

[7] T.L.N. Hoang, and N.T.A. Lành, “Analytical Calculation of Harmonics Generated by Grid Connected Photovoltaic System”, Advanced 

Mechanical Engineering, Automation and Sustainable Development, pp. 866-871, Springer, Cham, 2022. 

[8] S.S. Letha, T. Thakur, J. Kumar “Harmonic elimination of a photo-voltaic Based Cascaded H-bridge Multilevel Inverter Using PSO 

(Particle Swarm Optimization) ForInduction Moto Drive”, Contents lists available at ScienceDirect Energy,2016. 

[9] Rosas, C. Hernández, E. Vázquez, F. Perez, “A New Common Mode Transformerless Photovoltaic Inverter Nimrod”, IEEE Transactions 

on industrial electronics, Vol 62, No. 10, 6381-6391. october 2015.  

[10] Zeng, Zheng, et al. "Objective-oriented power quality compensation of multifunctional grid-tied inverters and its application in 

microgrids." IEEE transactions on power electronics 30.3 (2014): 1255-1265. 

[11]R.C. Bansal, and A.F. Zobaa, Handbook of Renewable Energy Technology & Systems, World Scientific, 2021. 

[12] K. Shinde, and P.B. Mane, “Review on high penetration of rooftop solar energy with secondary distribution networks using smart 

inverter”, Energy Reports, 8, pp.5852-5860, 2022. 

[13] H. Heinrich, B. Berne, “Photovoltaics System Design and Practice” John Wiley, John Wiley & Sons, Ltd, United Kingdom, 2012. 

[14] A. Durgadevi1, S. Arulselvi2 and S.P. Natarajan “Photovoltaic Modeling and Its Characteristics”, 2011 International Conference on 

Emerging Trends in Electrical and Computer Technology. IEEE, 2011. 

[15] A. Rezaee Jordehi, L.Z. Branch, “Parameter estimation of solar photovoltaic (PV) cells: A review” Renewable and Sustainable Energy 

Reviews 61: 354-371, 2016. 

[16] L.P. Fan, Q.P. Chen, and Z.Q. Guo, “An Fuzzy improved perturb and observe (P&O) maximum power point tracking (MPPT) algorithm 

for Microbial Fuel Cells”, International Journal of Electrochem and Science, 17(221157), p.2,2022. 

[17] I. Yahyaouia, M. Chaabeneb, F. Tadeoaa Industrial, “Evaluation of Maximum Power Point Tracking algorithm for off-gridphotovoltaic 

pumping”, ScienceDirect.Sustainable Cities and Society 25, 2016. 

[18] J. H. H. Roy Pota, “Robust Control for Grid Voltage Stability High Penetration of Renewable Energy”, Power systems. Springer 

Science+ Business Media, 2014. 

[19] N. Geddada, M. K. Mishra, M.V. Manoj Kumar, “LCL filter with passive damping for DSTATCOM using PI and HC regulators in dq0 

current controller for load compensation” Sustainable Energy, Grids and Networks 2: 1-14, 2015. 

[20] Q.Ch. Zhong, T. Hornik, “CONTROL OF POWER INVERTERS IN RENEWABLE ENERGY AND SMART GRID INTEGRATION”, A 

John Wiley & Sons, Ltd, Publication, 2013. 

[21] O.B. Adewumi, G. Fotis, V. Vita, D. Nankoo, and L. Ekonomou, “The impact of distributed energy storage on distribution and 

transmission networks’ power quality”, Applied Sciences, 12(13), p.6466, 2022. 

[22] P. Singh, K. Arora, and U.C. Rathore, “Control Strategies for Improvement of Power Quality in Grid Connected Variable Speed WECS 

with DFIG–An Overview”, Journal of Physics: Conference Series, Vol. 2327, No. 1, p. 012008, IOP Publishing, 2022. 

[23] N. Mesbahi, A. Ouari, D.O. Abdeslamb, T. Djamahc, A. Omeiri, "Direct power control of shunt active filter using high selectivity filter 

(HSF) under distorted or unbalanced conditions”, Electric Power Systems Research108: 113-123, 2014. 

[24] F. Katiraei, M. R. Iravani, "Micro-Grid Autonomous Operation During and Subsequent to Islanding Process", IEEE TRANSACTIONS 

ON POWER DELIVERY, VOL. 20, NO. 1, JANUARY, 2005. 

[25] http://www.yinglisolar.com/ 

[26] https://eosweb.larc.nasa.gov/sse./ 

[27] https://www.yr.no5. 

 

http://www.ijsreat.com/

