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Abstract :  The solar power generation is a DC power which has to be converted to AC. While converting it to AC power there is a need of maintenance 

of power quality. The term power quality says about the total harmonic distortion (THD) and power factor. In this paper the solar power generator 
which is generating the power can also maintain the quality of the power. The loads like linear and nonlinear loads are taken into consideration for 

checking the power quality of the proposed system. The performance of harmonics and power factor is compared with and without the level shifted 

multicarrier SVPWM (LSMC-SVPWM) technique for three level inverters. A PHEV is connected at the load side which can work as bidirectional. 

Including this the power quality has to be maintained. MATLAB is used here to model the system. 

IndexTerms – SVPWM, Multi-level inverter, Power Quality, PHEV, LSMC. 

I. INTRODUCTION 

The PV power plant implementation is increasing in recent years as it has more benefits. And there are many researches 

available in solar to improve the tracking power tracking and stability.  In [1] the power quality improvement with PV power plant is 

explained with new techniques. The [2] discusses about the distribution generation (DG) integration in the power system. The electric 

vehicle charging system is explained in [3].  About the circuit available for the vehicle charging is explained in [4].  Power quality in 

the power system due to electric vehicle is discussed in [5]. Under smart grid environment usage of plugin electric vehicle is explained 

in [6]. Bidirectional operation of the electric vehicle battery is explained in [7]. In a residential area charging a electric vehicle is 

discussed in [8]. In a distributed solar power generation charging a battery is explained in [9]. A detailed literature survey of electric 

vehicle transportation is given in [10]. Chagrin a local smart grid battery with vehicle is detailed in [11].  Grid connected residential 

and plug-in electric vehicle (PHEV) concept is explained in [12]. Power quality management in a PV which is supplying to grid is 

explained in [13].  

The design of various converters and power quality of those converters are detailed in [14]. Time and frequency analysis are 

carried out in [15]. Voltage regulation by using statcom is discusses in [16]. A mathematical method of extraction of sinewave is 

explained in [17]. Bidirectional onboard charger is explained in [18]. Other articles on power quality with PV power generation is 

given in [19-25]. In this paper a three-level inverter with multicarrier SVPWM is explained for power quality issues when it is 

connected to linear and non-linear load and connected to grid. The PV power generation is integrated to this inverter for transfer the 

power to grid. The MATLAB is used to carry out the experimentation of various cases. 
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II. PROPOSED SYSTEM 

 
Figure 1. Proposed system 

The figure shows the PV connected to a boost converter where the boost converter is controlled with feed forward control loop 

of MPPT control. The MPPT control controls the PV voltage at maximum power point. Then it outputs the pulses. Then the boost 

converter boosts the voltage according to the required DC link. The DC link then provides it to DC to AC converter. Here a three-level 

inverter is used with new multicarrier SVPWM. Then this AC voltage is connected to the grid. Here there are linear as well as non-

linear load combinations are connected. The inverter has to take care of the power quality problems created by linear as well as non-

linear load combinations. 

 

III. LEVEL SHIFTED MULTI CARRIER SVPWM 

Compared to the traditional SVPWM this LSMC SVPWM is using the (N-1) carriers for a N-level 

converter.  Geometrically, it is shifting of the hexagon where the reference is, to the smallest centre hexagon. 

This is discussed detail in [26].  

 
Figure. 2 Hexagon diagram for LSMC 

 

 

 

 
Figure. 3 proposed LSMC SVPWM (a) multicarrier PWM for sine wave. (b) level shifted multi carrier for SVPWM reference (c) 

output of the inverter  
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IV. RESULT AND DISCUSSION 

The Table I shows the specifications used in the simulation. The control is done to test the power quality of the system even 

when PHEV and non-linear loads are connected. When the non-linear load is connected the harmonics may be more and the power 

factor also distorted. The simulation is done for four cases, 

i) Linear load without controller 

ii) Linear load with controller 

iii) Non-linear load without controller and  

iv) Non-linear load with controller. 

Here in all the cases the PHEV is connected to the system. This creates the non-linearity. This non-linearity gets increased 

when it is connected to the non-linear load specified in table I. 

Table I- Parameter list 

S.no Components ratings 

1 PV array 

Voc = 64.2V, 

Vmp=54.7V 

Isc = 5.96A, Imp=5.58A 

No. of series 6 panels 

No. of series 48 panels 

2 Grid 

V=440V 

F=50HZ 

3 Transformer 

1:1,  

100KVA, 

50HZ 

4 Linear Load 80kW 

5 Non-linear load 

Rectifier bridge with  

R= 50-ohm, L=2mH 

6 Boost converter Vin= 300, Vout=700V 

7 Inverter 3-level, SVPWM 

8 PHEV 

48V li-ion  

battery with 50Ah  

 

 

 

 

 

Figure. 4 Grid voltage and current when not connected to controller with linear load 
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Figure 5 power factor without controller linear load 

 
Figure.6 THD without connecting controller with linear load 
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Figure.7 Grid voltage and current when not connected to controller with non-linear load 

 

Figure. 8 power factor without controller non-linear load 

 

 
Figure.9 THD without connecting controller with non-linear load 
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Figure.10 Grid voltage and current with controller with linear load 

 

 

Figure. 11 power factor with controller linear load 
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Figure.12 THD with connecting controller with linear load 

 

 
Figure.13 Grid voltage and current with controller with non-linear load 

 

 

Figure. 14 power factor with controller non-linear load 
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Figure.15 THD with connecting controller with non-linear load 

The grid voltage and current is shown in Fig. 4 with linear load and without controller. The Fig 5 shows the power 

factor without controller with linear load. The power factor is poor as it goes to positive and negative and as in The current 

is distorted due to non- connection of the controller. The Fig.6 shows the THD without connecting controller with linear 

load and THD is higher around 44%. Then the Fig.7 shows the Grid voltage and current when not connected to controller 

with non-linear load. The Fig. 8 shows the power factor without controller non-linear load. Then the Fig.9 shows the THD 

without connecting controller with non-linear load. The THD is 45% and power factor is distorted as the grid current is 

distorted as it is not connected with the load. 

 Table II – comparison table 

cases THD With control 

Case i 44% 0.82 

Case ii 45% 0.8 

Case iii 3.6% 1 

Case iv 3.62% 1 

The Fig.10 shows the Grid voltage and current with controller with linear load. Is it is within the standard value. It depicts 

3.6 % of THD. Then the power factor is unity. So the proposed control technique takes care of the harmonics and it improves the power 

factor. The Fig. 11 shows the power factor with controller linear load. Then the  Fig.12 shows the THD with connecting controller with 

linear load. The Fig.13 shows Grid voltage and current with controller with non-linear load. And Fig. 14 shows the power factor with 

controller non-linear load. The Fig.15 shows the THD with connecting controller with non-linear load. 

V. CONCLUSION 

 The PV power plant with the power quality conditioning is done using the 3-level inverter. The comparison of THD and power 

factor is explained. There are four cases considered here. The proposed control technique is with multicarrier SVPWM which controls 

the 3-level inverter. The performance of the THD and power factor is better compared to the 4-leg inverter presented in [1]. And the 

power quality with PHEV using the linear and non-linear load comparison is also done.  
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