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Abstract—This paper analyzes the performance of Solar PV based stand-alone and grid connected multilevel inverter topology. For standalone system 
having different load power factor with and without filter, this is found that when the filter is connected, the THD is reduced from 12.2% to below 5% 
(IEEE standard). Moreover, it is also explained that the minimum THD and maximum circuit efficiency is achieved at a particular load power factor. 
Further the performance is analyzed for a grid connected system having linear and nonlinear load connected at PCC with and without filter. For a linear 
load, if the filter is connected then the THD in PCC voltage is reduced from 13% to below 5% and the THD in grid current falls from 14.8% to below 5 %. 
The efficiency of the complete configuration is calculated as more than 80%, however due to additional losses in filter a small decrement in efficiency is 
examined. Similarly for a nonlinear load of Diode Bridge, the harmonics in PCC voltage, grid current can be reduced to the IEEE standard by connecting 
filter. Simulation results from SIMULINK/MATLAB Software are tabulated for both standalone and grid tied PV system and the results are explained 
graphically. 
 
Index Terms—Grid connected Solar PV, stand-alone solar PV system, multilevel inverter, Power Quality, Point of common coupling (PCC), Total 
Harmonic Distortion (THD), Linear and non linear load. 

——————————————————— 

 

1. INTRODUCTION 
With continuously rising fuel costs, more concerns of global 
climate change and more demand for electricity have 
results to an increasing use of renewable energy sources. 
These energy resources become popular due to the 
depletion of conventional energy sources and their negative 
impact on the environment. Solar power is one of the 
alternative renewable energy sources.  In case of solar PV, 
the energy is received in dc form which can be converted 
into ac by using inverter and then fed to utility grid or may 
be used in isolated load. The inverter output can be fed to 
the grid as well as standalone system. PV systems operated 
in stand-alone mode occasionally supplies fixed load are 
called Stand-alone PV systems [1]. Standalone systems are 
those systems which do not connected to the grid and 
hence they require battery for the storage of electricity 
generated during the off-peak demand period which 
results in extra cost of battery and storage otherwise the 
extra generated power is to be thrown away [2]. Moreover, 
the main priority of Grid connected system is to supply the 
local needs and any excess generation is to be injected into 

the grid [3]. Nowadays solar power based grid connected 

system becomes more popular. The different types of grid-

connection of PV inverters have been presented and 

discussed [4-9]. Grid integration of solar power generation 

system has the benefit of more effective utilization of the 

generated power. But the technical requirements of both 

grid side as well as PV system side need to be satisfied for 

the safety of the PV installer and also for the reliability of 

the grid [10]. 
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Power quality problems are of more concern in the 

distribution system that results in decrement in the 

efficiency of the system. The problems occur in the system 

due to the more and more uses of nonlinear loads such as 

solid-state devices, medical equipment, fluorescent lighting, 

renewable energy systems, HVDC transmission etc. They 

inject harmonics into the system and degrade the power 

quality. Further the use of unbalanced three-phase or 

single-phase loads, the nature of voltage and current 

waveforms in the distribution system is distorted, which 

finally affects the equipment. Recent research focuses on 

the mitigation of power quality problems like harmonics 

elimination. There are various power electronics techniques 

available for dc to ac conversion with improved power 

quality. Multilevel inverter topologies have been introduced 

in literature [11-12] which generate a staircase like 

waveform. There are some considerable types like the diode 

clamped, flying capacitor, cascaded H-Bridge, magnetic 

coupled etc. The main feature of these inverters is to 

generate less harmonic components on output voltage as 

well as load current. If the number of levels in the output 

voltage is increased, the harmonics and hence the THD is 

reduced and hence the level number can be easily 

increased. This result in reduction in voltage stress and the 

output voltage wave shape shifts closure to the sine 

waveform. The power quality becomes better with the 

higher number of levels in the output waveform [13-14]. 

This paper uses the proposed multi-level inverter circuit of 

Beser et al. (2010) [15] for the performance analysis of single 

phase SPV system. The circuit of [15] was analyzed for grid 

connected system, while this paper explains in detail about 

grid connected as well as stand-alone pv system. In 

addition to this, circuit analysis of both the loads at PCC i.e. 

linear as well as non-linear (diode bridge) load is 

elaborated, while [15] did not explain about non-linear 
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load. In this paper, the poor power quality waveform of 

PCC voltage and grid current is improved, which was the 

results of connection of non-linear load at PCC. Further the 

harmonics are reduced by connecting a filter so as to keep 

the harmonics values within the IEEE standard range (< 

5%). Finally, the power quality and circuit efficiency 

obtained in [15] are achieved in this paper and the 

parameter comparison of these two is listed in Appendix A. 
 

2. Multilevel Inverter Topology 

This multi-level inverter system comprises of Level 

Modules, H-Bridge inverter, Solar PV as input dc voltage 

source, a step up transformer and a grid through a small 

transmission line having small inductance along with 

negligible resistance. This circuit with solar PV (SPV) as dc 

source for three level modules is shown in Fig 1. As shown 

in the figure, the grid is connected at the inverter output i.e. 

between A and B. A linear/nonlinear load is also connected 

between A and B. The level of output voltage wave depends 

upon the level modules used in the inverter circuit. 

Number of output Levels will be [16]:   

 

N = 2 (m+1)  –  1 ………..  (1) 

 

where m being the number of Level Modules. 

Number of used switches connected in the circuit is given 

by [17]:     

 ns = 2 * m + 4  ………. (2) 

 

The input dc voltage given to ith module varies with the 

particular module no. as: 

 

Vi = 2(i−1) ·Vb  ……………. (3) 

  where i = 1, 2, 3 …. m 

  

In the inverter circuit, three Level modules (LM), one H-

Bridge inverter, and three Solar  panel of output voltages V1 

(= Vb), V2 (= 2 Vb) and V3 ( =  4Vb) are used. Output 

waveform has 15 levels and the total used switches are 10. 

Total input dc voltage given in the circuit is 7 Vb. The 

simulation is carried out for Vb value as 18 Volt. A PV array 

consists of a combination of series/parallel connection of 

solar PV cells [18]. 

3. Simulation and Results 
3.1 Stand-alone inverter with R-L Load  

3.1.1 Stand-alone system Without Filter 

The inverter circuit consists of R-L load with Solar PV as 

input dc source. Load Impedance Z = 25 Ω, V1 = 18 V, V2 = 

36 V, V3 = 72 V & Capacitor across the PV, C = 50 µF. 

Simulation of the inverter circuit is carried out in 

MATLAB/SIMULINK software using the solar simulink 

model of [19]. Table 1 shows the variation of different 

inverter circuit parameters with the variation of load power 

factor. It is shown that active power P decreases whereas Q 

increases with the decrease in power factor. It is seen that 

the circuit efficiency of 86.5 % is found to be maximum for 

unity power factor load while minimum of 80.5 % is found 

for 0.7 power factor load.  Fig 2 depicts the load voltage and 

load current THD for 0.9 power factor load. Fig 3 depicts 

that the THD decreases with decrease in load power factor 

and is found to be minimum at 0.85 power factor and it 

increases with further decrease in power factor. The circuit 

efficiency is calculated as the ratio of load power to the 

input dc power. 
 

ɳ =  PL / Pdc * 100 %. 
 

Where Pdc is the sum of power outputs of the three solar PV 
outputs.

 

 

Fig 1. Inverter circuit with two level module for grid connected solar PV system 
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Table 1. Variation of different parameters of standalone inverter circuit with different power factor load 

Cos φ R (Ω) L (mH) 

Load 

Voltage 

(volt) 

Load 

Current 

(A) 

PL 

(W) 
QL (VAr) THD (%) 

Input Power 

Pdc (W) 

Efficiency ɳ 

(%) 

1 25 0 80.8 3.2 257 0 13.48 297 86.5 

0.975 24.375 17.66 80.8 3.2 250 57 13.47 295 84.7 

0.95 23.75 24.8 80.9 3.2 244 80 13.43 291 83.8 

0.925 23.125 30.24 81 3.2 239 98 13.22 287 83.3 

0.9 22.5 34.7 81.3 3.2 234 113 12.9 283 82.7 

0.875 21.875 38.5 81.7 3.25 230 127 12.4 279 82.4 

0.85 21.25 41.9 82.3 3.27 227 141 12.2 276 82.2 

0.825 20.625 45 83 3.3 224 153 12.35 266 84.2 

0.8 20 47.7 83.8 3.33 221 166 12.88 271 81.5 

0.775 19.375 50.3 84.8 3.36 219 179 13.6 269 81.4 

0.75 18.75 52.6 86 3.4 217 191 14.5 268 81 

0.725 18.125 54.7 87.2 3.4 215 204 15.4 267 80.5 

0.7 17.5 56.8 88.6 3.5 214 218 16.3 266 80.5 
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Fig 2. Load voltage and load current waveforms for 0.9 power 

factor load 

 
Fig 3. Variation of THD with load power factor 

3.1.2 Stand-alone system With Filter 

The same inverter circuit having R-L load is again analyzed 

with an LC filter connecting between the inverter and the ac 

load. The values of LC filter components are taken as 80 

mH and 10 µF respectively. These simulation results have 

tabulated in the Table 2. Fig 4 shows the load voltage and 

load current waveforms respectively for the circuit having 

RC filter. It is seen that the THD of load voltage as well as 

load current is obtained below 5 % which is the according 

to the IEEE standard. Table 2 shows the variation of 

different circuit parameter with the variation of load power 

factor. It is shown that the load voltage THD increases with 

decrease in load power factor. It is found minimum of 1.9% 

at unity power factor load. While the circuit efficiency 

slightly decreases with decrease in the load power factor. It 

is highest as 82% at or nearly unity power factor.  
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Fig 4. Load voltage and load current for 0.9 power factor with 

filter 
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3.2 Grid tied inverter having linear load at PCC   

 

3.2.1 Grid connected system without filter 

The inverter output voltage is stepped up with the help of a 

step-up transformer. The secondary winding of this 

transformer is connected to the grid with a small 

transmission line having small inductance and negligible 

value of resistance. The RL load is connected in parallel 

with the grid or at point of common coupling (PCC) [20]. 

Solar PV Voltages are as follows: V1 =18V, V2 = 36V, V3 = 72V,  

Grid Data: RMS grid voltage Vg = 230 V, small RL in series 

with grid: L = 25 mH, R = 0.5 Ω. 

Impedance of Linear load (RL load)  is taken as 25 Ω. 

Transformer rating: Single phase, 50 Hz, 500 kVA, 200/600 

V. 

 

Table 2. Variation of different parameters of standalone inverter circuit with LC filter 

 

Table 3. Simulation results for grid tied inverter having linear load without filter 

S. N. 

Load 

Power 

Factor 

Load/PCC 

Voltage 
Load Current Grid current DC 

Input 

Power 

Pdc 

(W) 

Power to Load Power to Grid 
Circuit Efficiency  

(%) 

RMS 

(V) 

THD 

(%) 

RMS 

(A) 

THD 

(%) 

RMS 

(A) 

THD 

(%) 

PL 

(W) 

QL 

(VAr) 

Pg 

(W) 

Qg 

(VAr) 
Pout/Pdc     Sout/Pdc            

1 0.7 239.4 13.2 9.5 4.5 6.9 14.8 6075 1577 1608 3404 861 82 91.5 

2 0.8 239.4 13.2 9.5 5.1 6.9 14.8 6296 1803 1351 3399 858 82.6 89.7 

3 0.9 239.4 13.2 9.5 6.4 6.9 14.8 6508 2028 982 3411 856 83.5 88.2 

4 1 239.4 13.1 9.5 13.1 6.9 14.8 6695 2260 0 3405 863 84.6 85.6 

 

Table 4. Simulation results for grid tied inverter having linear load with filter 

S. No.  

Load 

Power 

Factor 

Load/PCC 

Voltage 
Load Current Grid current 

DC 

Input 

Power 

Pdc(W) 

Power to Load Power to Grid Circuit 

Efficiency 

(%) RMS 

(V) 

THD 

(%) 

RMS 

(A) 

THD 

(%) 

RMS 

(A) 

THD 

(%) 
P (W) Q (Var) P (W) Q (VAr) 

1 0.7 195 9.6 7.8 1.9 5 7.8 1260 1057 1081 -123 -867 76.4 

2 0.8 199 5.8 7.9 1.6 4.7 6.6 1323 1267 943 -270 -780 79.5 

3 0.9 204 3 8.1 1.5 4.4 5.8 1404 1503 729 -432 -630 81.8 

 

Cos φ R (Ω) L (mH) PL (W) Q L (VAr) THD (%) 
Input Power 

Pdc (W) 

ɳ  
(%) 

1 25 0 211.1 -83 1.9 257.5 82.0 

0.975 24.375 17.66 173.5 -30.4 3.2 211.7 82.0 

0.95 23.75 24.8 159.8 -13.6 4.1 195 81.9 

0.925 23.125 30.24 150 -2 4.8 183 82.0 

0.9 22.5 34.7 142 6.83 5.5 173.4 81.9 

0.875 21.875 38.5 135.3 14.1 6 165.6 81.7 

0.85 21.25 41.9 129.4 20.4 6.5 158.4 81.7 

0.825 20.625 45 124 26 7 152.2 81.5 

0.8 20 47.7 119.7 31 7.4 147 81.4 

0.775 19.375 50.3 115.4 35.6 7.9 142 81.3 

0.75 18.75 52.6 111.6 40 8.4 137.4 81.2 

0.725 18.125 54.7 108 44 9 133.4 81.0 

0.7 17.5 56.8 104.8 48 9.6 129.7 80.8 
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The inverter output voltage at transformer’s secondary side 

is slightly greater than the rms grid voltage so as to transfer 

power from inverter to the grid. Table 3 shows the 

variations of THD and RMS values of PCC voltage, load 

current and grid current with the variation of load power 

factor. This is extracted from the table that the THD in PCC 

voltage (13%) and grid current (14.8%) are found constant, 

whereas the load current THD is worsened with increment 

in load power factor. Further the circuit efficiency is 

calculated with the help of input dc from SPV, power 

transfer to load and power transfer to grid. This is obtained 

more than 82% and has a little variation with the power 

factor. The circuit efficiency is given as: 

  

ɳ = Pout / Pdc * 100 =  (PL + Pg) / Pdc * 100 %. 

 

However, if the efficiency is considered as a ratio of 

apparent power of load as well as grid to the input dc 

power, then this figure is improved (around 90%) as shown 

in Table 3. Fig 5 shows the variation of inverter output 

voltage, load voltage and current, grid voltage and current 

at 0.8 power factor with a load disconnection from 0.04 s to 

0.08 s. 

 

3.2.2 Grid connected system with Filter 

The Solar PV based grid tied inverter circuit having R-L 

load is again analyzed with LC filter present between 

inverter and PCC. Table 4 shows the results obtained from 

simulation with the variation of load power factor. It is seen 

from the Table that the THD in PCC voltage, load current 

and grid current fall down below 5 %. Also the grid current 

has the minimum harmonics at around 0.9 power factor. 

This can be seen from the table that as the filter is 

connected, the power is coming from the grid instead of 

injecting the grid. The efficiency is improved with load 

power factor and reaches up to 85%. Fig 6 shows the 

variation of inverter output voltage, load voltage and 

current, grid voltage and current at 0.8 power factor load 

with a load disconnection from 0.04 s to 0.08 s. 
 

3.3 Grid tied inverter having nonlinear load at PCC  

 

3.3.1 Grid connected system without filter 

Again the grid tied solar pv system is analyzed having a 
nonlinear load connected at the PCC without the LC filter.  
The nonlinear load is a diode bridge having R and L on its 
dc side. The values of R and L may be taken as 20 Ω and 5 
mH respectively. Fig 7 shows the variation of load voltage, 
load current, PCC voltage, grid current when the load is 
disconnected from 0.04 to 0.08 second.  
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Fig 5. Waveforms at 0.8 load power factor Without LC filter 

 
3.3.2 Grid connected system with filter 
If a filter is connected in the grid connected system having 
nonlinear load, then the harmonics in the voltage across 
grid and the current through grid become too less resulting 
in a better power quality.  The waveforms are shown in Fig 
8 with a load disconnection. It is seen that there are some 
fluctuations measured during the load disconnection.  
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Fig 6. Waveforms at 0.8 load power factor With LC filter 

4. Comparison of Parameters 
 

4.1 Harmonic Comparison 

 

4.1.1 Standalone System: With and Without Filter 

Table 1 & 2 shows the results obtained for standalone 

system without and with filter respectively. Fig 9 shows the 

variation of THD for filter and without filter circuit. It can 

be concluded from the figure that the harmonic 

components in load voltage waveform are very less in case 

of filter circuit as compare to the without filter circuit. At 

unity power factor load, the THD is minimum as 1.9%. Up 

to 0.9 power factor, the THD lies within 5 % which is IEEE 

standard range. However, for circuit without filter 

Minimum THD of 12.2 % is found at 0.85 power factor load.  

 

4.1.2 Grid Tied system having linear load: With and 

without Filter 

Table 3 & 4 explains the circuit performance for Solar PV 

based grid tied system having linear load connected at PCC 

without and with filter respectively. Fig 10 and 11 show the 

variation of THD in PCC voltage and grid current of the 

circuit with and without filter respectively. These figures 

depict that the harmonics contents become very less when 

the LC filter is connected in the circuit. Without filter this 

figure was 13.2% in voltage and 14.8 % in grid current, but 

with filter it falls up to 2.4 % in voltage and 5.8 % in grid 

current respectively.  
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Fig 7. Waveforms without filter at non-linear load disconnecting 

from 0.04 s to 0.08 s 
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Fig 8. Waveforms with filter at non-linear load disconnecting 
from 0.04 s to 0.08 second 

 

Fig 9. THD variation with load power factor for standalone 

system with and without filter 

4.1.3 Grid Tied system having nonlinear load: With 

and without Filter 

Table 5 shows the harmonics component for the circuit 

having filter and without the filter. There are significant 

changes in the THD of different parameters when the filter 

is connected. The PCC voltage and grid current both 

reaches below 5 % and hence enhance the power quality at 

grid side.  

4.2 Circuit Efficiency Comparison 

The overall inverter circuit efficiency is examined for 

standalone and grid tied system without and with filter. For 

standalone system, it can be concluded from Table 1 & 2 

that the efficiency decreases with the decrease in load 

power factor. The maximum efficiency obtained for the 

circuit without and with filter is 86.5 % & 82 % respectively. 

This difference attribute to the losses in the filter. Similarly, 

for grid tied SPV system without and with filter, the 

efficiency increase with the increment in power factor. The 

efficiency of circuit without filter is slightly more as 

compare to the circuit with filter. For example at 0.9 power 

factor, efficiency is found to be 83.5 % and 81.8 % for the 

circuit without filter and with filter respectively. This 

difference in power is due to the filter loss. 
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Fig 10. Variation of THD of PCC voltage with load power factor 
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Fig 11. Variation of THD of grid current with load power factor 

 

Table 5. Harmonic results for grid tied inverter having non-linear 

load with and without filter 

 

Comparison with the Results of Beser et al. (2010) [15]: 

At last, the obtained results are validated with the results of 

the reference paper [15]. This is found that the harmonics 

and efficiency results are achieved as that of reference 

paper results, shown in Appendix A. Apart from this, this 

paper analyzes in detail the stand-alone pv system. In 

addition, for a grid connected system, more emphasize is 

given on the effects of non-linear load connected at PCC, 

which is not so elaborated in [15]. 

 

5 Conclusion 
In this paper, performance analysis like harmonic, 

efficiency etc. are described for stand-alone (with and 

without filter) and grid tied multilevel inverter circuit (with 

and without filter) through step up transformer for Solar 

PV. Multilevel inverter topologies are used to generate high 

quality waveforms. For stand-alone system, the minimum 

THD of 12.2 % in the circuit is further reduced below 5 % 

by connecting LC filter. For grid connected system having 

linear and nonlinear load connected at PCC, the variation of 

THD in PCC voltage, inverter output voltage, load voltage, 

load current and grid current and also the power send to 

the load as well as grid are shown graphically with the 

variation of power factor of the load. The THD in grid 

current, PCC voltage was found as large as 13 %. These 

harmonics further reduced to below 5 % (as per IEEE 

standard) by connecting a filter between inverter output 

and the grid. The circuit efficiency is calculated which is 

found to be more than 80 %. However, this figure slightly 

decreases when the filter is connected in the circuit which is 

due to the additional losses in the filter. The obtained 

results are tabulated and also elaborated graphically. 
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Appendix A 

Parameters 

 

Results of refrence 

paper  

Baser et al. [15]  

Result of this Paper  

Stand-alone system  Grid connected system  

THD (%) 

PCC Voltage 1.86 1.9 (for unity pf) 2.4 (for upf) 

Grid current 5.03 1.9 (for upf) 5.8 (0.9 pf) 

Efficiency (%)  92.57 86.5 (for upf) 91.5 (for 0.7 pf) 

 


