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Abstract— Renewable energy sources like solar, wind, tidal, 

geothermal are used. The most commonly used renewable 

energy source are wind and solar. Output of wind and solar 

are in DC so one must convert it to AC Before injecting it in 

to the grid, also they produce a very low power quality output 

which cannot be injected directly in to the grid. So it is 

required to use a converter that will convert DC power from 

RES to AC with good power quality. In this paper two 

different inverter topologies for integrating RES with grid are 

used, one is 2 level Voltage source inverter and other is 

cascaded H bridge multilevel inverter. Cascaded multilevel 

inverter is designed and studied with the help of PSIM that is 

being used for simulation purpose. The designed system is 

giving expected results. 
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I. INTRODUCTION 

In recent years, electric energy consumption is increasing 

rapidly due to the increasing of the energy demand in the 

world. As result of this numerous fossil fuels sources and 

other resources which have great contribution in global 

warming due to greenhouse gases emission are largely 

consumed. Due to the negative impacts caused by these 

resources a rapid progress in finding an alternatives. The 

renewable energy has attained a significant interests in the 

area of researches to eliminate the shortage of fossil fuels and 

reduce the global warming concern. In the last three decade 

renewable energy (RE) has become challenging field and 

many researchers have make RE the main focus in order to 

create new sustainable, natural abundance and environmental 

friendly nature energy resources. 

 The most common and efficient renewable energy 

sources used in the system are solar and wind. The huge 

amount of solar energy is available on the earth. Humans 

consume almost 15 TW of solar energy. Customers are 

interested in solar power due to low cost, environment 

friendly, flexible installation and no reactive power 

consumption by solar panel. But constraints of solar 

generation are: high installation cost of solar panels, low 

generation capacity, uncertainty of solar irradiance, and 

power fluctuation due to intermittency behaviour of sunlight. 

Solar penetration also changes the voltage profile and 

frequency response of the system. PV system is designed with 

unity power factor and the characteristics of output power are 

dependent on the inverter. Since photovoltaic system has no 

inertia, some extra devices are required to maintain frequency 

oscillation. 

 The renewable energy sources used for electric 

power generation have major issue of power quality so it 

cannot be injected directly into the grid. The conventional 

VSI technology used for converting DC output of RES to AC 

also produce low power quality output. So  they requires 

higher order filters for improving the power quality of system 

and also external devises are required for improving the 

efficiency of the system. The multilevel inverter technology 

gives better power quality and improved efficiency without 

using any external devises. 

II. MULTILEVEL INVERTER 

Inverter with three and more voltage levels preferred as Multi 

Level Inverters. Use of multi-level inverters has been 

increased in high voltage power applications due to their 

advantages over conventional inverters such as high quality 

output waveforms, low switching losses, etc. Major problem 

of harmonic distortion is minimized by means of multilevel 

inverter. 

As shown in Figure 1 multilevel inverters are classified as 

follows: 

 Neutral Point Clamped multi-level inverter (NPC-MLI) 

 Flying capacitor multi-level inverter (FC-MLI) 

 Cascaded H-bridge multi-level inverter (Cascaded MLI) 

 
Fig. 1: Block diagram of Classification of MLI 

 After comparing merits and demerits of all 

multilevel inverter types it is found that the cascaded 

multilevel inverter is more suitable for interconnecting RES 

to grid with improved power quality. 

A. Principle & Operation of CHMI 

The cascade H-bridge multilevel inverter consist of a number 

of single full bridge inverter units .Each bridge is fed by 

separate dc source which can be battery ,PV cell or any kind 

of dc supply. The output of each bridge can be summed up to 

generate almost sinusoidal output voltage waveform. for nth 

level of CHMI each full bridge inverter unit forming the 

CHMI with separate dc and four semiconductors switch is 

able to produce three different voltage level +Vdc ,0 and –

Vdc depending in the switching states. Each of the switching 

always conducts for 180o or half-cycle regardless of the pulse 

width of the quasi-square wave so that this method will result 

in the equalization of the current stress in each of the 

components figure 2 show a nth level of CHMI. Each H-
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bridge will be activated at certain amount of time at different 

start up angle and since each bridge is fed by separate dc 

source the output of all the bridge which form the CHMI 

output will be the sum of the separated dc sources for three 

phase nth level of CHMI inverter the output equation as 

follow 

Van =  Va1
+ Va2

+ Va3
+ Va4

+ ⋯ + Van 
                      (2.1) 

Vbn =  Vb1
+ Vb2

+ Vb3
+ Vb4

+ ⋯ + Vbn 
                     (2.2) 

Vcn =  Vc1
+ Vc2

+ Vc3
+ Vc4

+ ⋯ + Vcn 
                         (2.3) 

 From equation (2.1) it can be concluded that the 

output voltage of cascaded H-bridge multilevel inverter is the 

sum of the separated dc sources across the multilevel inverter. 

 
Fig. 2: N Level Cascaded Multilevel Inverter 

The Fourier series of bridge multilevel voltage waveform as 

in figure 3 can be expended as in equation (2.4). 

 
Fig. 3: Staircase Voltage Waveform for Single-Phase 

Multilevel Inverter. 

Vout(ωt) = ∑ bn

∞

n=0,1,2,…

sin(ωt)                      (2.4) 

bn is given as 

bn = ∑ (Vdc1
∞
n=0,1,2,.. cos(na1)) + (Vdc2 cos(na2)) +

(Vdc3 cos(na3)) + ⋯ + (Vdcn cos(naL))                    (2.5) 

For equal and constant source the bn is given by 

bn = ∑ Vdc(2n−1
n=1,3,5.. cos(na1)) + (cos(na2)) +

(cos(na3)) + ⋯ + (cos(naL))                             (2.6) 

Where 

Vdc = Vdc1 = Vdc2 = ⋯ = VdcL                        (2.7) 

L= the number of dc sources for each full bridge inverter cell. 

N= the number of switching angles. 

The total harmonic distortion (THD) is a method to calculate 

the total distortion in the output waveform cause by the 

harmonics present in the output. The general equation of the 

total harmonic distortion (THD) is given as follows. 

THD =
√∑ (

1

n
∑ (s

k=1 vk ∗ cos(nθk)))2∞
n=3,5,..

∑ (vk ∗ cos(nθk))s
k=1

              (2.8) 

III. LC FILTER MODELLING 

Total harmonic distortion (THD) of a signal is a measurement 

of the harmonic distortion present and is define as the ratio of 

the sum of the powers of all harmonics components to the 

power of the fundamental frequency. THD is used to 

characterize the power quality of electric power systems. 

Mathematical expression for THD is given by 

THD =  
√∑ VN

2∞
N=2

Vfund

                             (3.1) 

Where 

Vn = Voltage of the nth harmonic 

Vfund = Voltage of the Fundamental Frequency 

A. LC Filter Design 

For the performance of CHMI, LC filter has been selected due 

to advantages in size, cost, and capacity to reduce harmonic 

content. Lf is used to restrain higher order harmonic pass and 

Cf provides bypass for harmonics. The simulation results of 

Total Harmonic Distortion (THD) for single / three phase 3, 

5 & 7-Level Active Neutral Point Clamped MLI are presented 

in this report. 

 A typical low pass filter is as shown in Figure 4. The 

LC low pass filter is a second order filter which eliminates all 

higher order harmonics from the PWM output of inverter so 

that the input for the grid / application become pure sinusoidal 

wave of 50Hz. 

 
Fig. 4: Single Phase LC Filter 

 The cut off frequency (fc) of the low pass filter is 

selected such that the output THD is less than 5%. The 

attenuation effect of L-C filter can be increased by decreasing 

filter cut off frequency against switching frequency of 

inverters. 

B. Design Considerations 

1) Generally value of fc is kept bellow 1/10th of the inverter 

switching frequency (fsw) [13]. 
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fc <
1

10
fsw                                    (3.2) 

2) The selection of filter inductance lf, should be such that 

voltage drop across the inductor is less than 3% of the 

inverter output voltage. Then the value lf can be 

calculated using 

Imax(2πfLf) < 0.03Vn                (3.3) 

Where 

Imax = Maximum RMS value current through filter. 

f = Frequency output voltage (50Hz) 

Vo = Output voltage of inverter 

3. The filter capacitance Cf can be calculated from the 

resonant frequency as bellow 

Cf =
1

(2πfc)2lf

                            (3.4) 

Parameters Values 

Switching frequency 20kHz 

Cut-off  frequency 2kHz 

Output Voltage 200V 

Output current 10Amp 

Fundamental frequency 50Hz 

Filter inductance 3mH 

Filter capacitance 2uF 

Table 1: Filter Specifications 

IV. PERFORMANCE ANALYSIS OF BASE & DESIGNED SYSTEM 

A. Simulation of 2 Level VSI 

The proposed system consists of stiff DC source representing 

a solar PV module connected to dc link. The dc link output is 

given to the four leg inverter output is then connected to the 

system grid. The control method used for controlling the VSI 

is a simple SPWM technique, along with a close loop system 

which is used for controlling the duty cycle of the VSI with 

reference to the system voltage and load current. The system 

parameters indicated below are taken from the reference [1] 

and simulated on PSIM platform for performance 

verification. 

Name Value 

3-phase supply 200V,50Hz 

3-Phase load 10Ω,2mH 

Coupling inductance 3mH 

Table 2: System Parameter for 2 Level VSI Simulation 

 

 
Fig. 5: Simulation of Grid Connected RES using 2 Level 

VSI 

B. Simulation of Cascaded Multilevel Inverter 

The following system consist of 5 level cascaded h bridge 

multilevel inverter, Sine wave pulse width modulated pulse 

generator, close loop control block and a grid. Inverter is 

supplied with separate dc sources for each module and the 

triggering signals are given by SPWM pulse generator. The 

pulse generator is controlled by close loop controller which 

takes grid voltage and current as feedback and feeds it to PI 

controller block which further gives input to SPWM 

generator for generating proper controlling signals for 

inverter. The simulation is made using PSIM as simulation 

software 

Parameters Values 

 

Source 

Input voltage 260 V 

Resistance 1Ω 

Inductance 9mH 

Load 
Resistance 10Ω 

Inductance 2mH 

 Switching frequency 20kHz 
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IGBT Fundamental frequency 50Hz 

Internal resistance 0.001Ω 

Diode 
Forward voltage 1 v 

Internal resistance 0.001Ω 

DC input to inverter 110 V 

Switching frequency 20kHz 

Table 3: System Parameter for CHMLI Simulation 

 
Fig. 6: Simulation of Cascaded 5 level H Bridge Multilevel 

Inverter Grid Connected System in PSIM 

V. RESULTS & ANALYSIS 

 
Fig. 7: Grid Voltage, Inverter Voltage & Load Voltage 

Waveform of VSI 

Fig. 7 shows waveform of the grid voltage, load voltage and 

inverter voltage respectively for a linear RL load. From fig it 

is clear that the inverter voltage and grid voltage are in phase 

with each other and are equal in magnitude. 

 
Fig. 8: Grid Current, Inverter Current and Load Current 

Waveform of VSI 

 From the waveforms it is clear that the grid and RES 

are equally sharing the load that means the impedance of grid 

and RES is equal. It is also clear that the grid current and 

inverter current follows the load current and the inverter 

current lags the inverter voltage due to the delay angle of the 

inverter. The performance of the designed system is verified 

for a linear RL load which dissipates satisfactory 

performance. 

 
Fig. 9: Grid Voltage, Inverter Voltage and Load Voltage 

THD Contents of VSI 

 
Fig. 10: Grid Current, Inverter Current and Load Current 

THD Contents of VSI 

 Fig 9 and 10 shows THD contains in grid, inverter, 

and load voltages and current respectively from fig it is clear 

that the THD contains of the voltages and current are above 

acceptance level. 
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Fig. 11: Inverter, Grid, Load Current Waveforms of CHMLI 

without Filter Respectively 

 
Fig. 12: THD Contents of System Currents of CHMLI 

without Filters 

 Fig 11 show the output waveforms of inverter 

current, grid current and load current without filter 

respectively. Form waveforms it is clear that the peak to peak 

value of inverter current is 10am, grid current is 10am and 

load current is 20am so from wave forms it is clear that the 

grid and inverter are shearing load equally as there internal 

impedances are same. The THD contents of all the currents 

can be shown in figure 12 below in which IA, IB, IC are 

inverter currents, Iain, Ibin, Icin are grid current and Ial, Ibl, 

Icl are load currents respectively. 

 
Fig. 13: Grid Voltage, Inverter Voltage & Load Voltage 

Waveform Of CHMLI Without Filter Respectively. 

 
Fig. 14: THD Contents of All System Voltages of CHMLI 

without Filter 

 The Fig 13 show the output waveforms of grid 

voltage, inverter voltage and load voltage without filter 

respectively. Form wave forms it is clear that the peak to peak 

value of inverter voltage is 200v, grid voltage is 200v, and 

load voltage is 200v so from wave forms it is clear that the 

grid, inverter and voltages are equal in phase and magnitude 

load. The THD contents of all the voltages can be shown in 

figure 14 in which VA, VB, VC are inverter currents, Vain, 

Vbin, Vcin are grid current and Val, Vbl, Vcl are load 

currents respectively. 

 
Fig 15. Inverter, Grid, Load Current Waveforms of CHMLI 

with Filter Respectively 

 
Fig 16. THD Contents of System Currents of CHMLI with 

Filters 

 Fig 15 show the output waveforms of inverter 

current, grid current and load current with filter respectively. 

Form waveforms it is clear that the peak to peak value of 

inverter current is 10am, grid current is 10am and load current 

is 20am so from wave forms it is clear that the grid and 

inverter are shearing load equally as there internal 

impedances are same. The THD contents of all the currents 

can be shown in figure 16 below in which IA, IB, IC are 

inverter currents, Iain, Ibin, Icin are grid current and Ial, Ibl, 

Icl are load currents respectively. 

 
Fig. 17: Inverter Output Voltages of Phase A, B, & C of 

CHMLI Respectively 

Fig 17 shows output voltages of phase A, phase B, phase C, 

respectively as the inverter used in the simulation is Cascaded 

h bridge 5 level multilevel inverter the output of the inverter 

comes in 5 states as 0v, 100v, 200v, -100v, -200v which can 

be seen in given waveforms. 
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Fig. 18: Grid Voltage, Inverter Voltage And Load Voltage 

Waveform Of CHMLI With Filter Respectively. 

 
Fig. 19: THD Contents of All System Voltages of CHMLI 

with Filter 

 The Fig 18 show the output waveforms of inverter 

voltage, grid voltage and load voltage with filter respectively. 

Form waveforms it is clear that the peak to peak value of 

inverter voltage is 200v, grid voltage is 200v, and load 

voltage is 200v so from wave forms it is clear that the grid, 

inverter and voltages are equal in phase and magnitude load. 

The THD contents of all the voltages can be shown in figure 

19 in which VA, VB, VC are inverter currents, Vain, Vbin, 

Vcin are grid current and Val, Vbl, Vcl are load currents 

respectively. 

VI. COMPARISON OF RESULTS OBTAINED FROM BOTH 

SIMULATIONS 

Sr. 

No. 
Parameters 

Base 

system 

Designed 

system 

1 
Grid voltage 

amplitude 
200V 200V 

2 
Inverter voltage 

amplitude 
200V 200V 

3 
Load voltage 

amplitude 
200V 200V 

4 
Grid current 

amplitude 
10Amp 10Amp 

5 
Inverter current 

amplitude 
10Amp 10Amp 

6 
Load current 

amplitude 
20Amp 20Amp 

7 
Grid voltage THD 

A,B,C phase res. 

0.47%, 

0.47%, 

0.47% 

0.2%, 0.2%, 

0.2% 

8 

Inverter  voltage 

THD A,B,C phase 

res. 

0.47%, 

0.47%, 

0.47% 

0.2%, 0.2%, 

0.2% 

9 
Load voltage THD 

A,B,C phase res. 

0.47%, 

0.47%, 

0.47% 

0.2%, 0.2%, 

0.2% 

10 
Grid current THD 

A,B,C phase res. 

8%, 5.2%, 

5.9% 

6.9%, 3.7%, 

3.6% 

11 

Inverter  current 

THD A,B,C phase 

res. 

7.4%, 

5.6%, 5.7% 

6.7%, 3.6%, 

3.6% 

12 
Load current THD 

A,B,C phase res. 

0.5%, 

0.6%, 0.5% 

0.013%, 

0.014%, 

0.012% 

Table 4: Comparison of Designed System & Base System 

Results 

Sr. 

No. 
Parameters 

Without 

filter 
With filter 

1 
Grid voltage 

amplitude 
200V 200V 

2 
Inverter voltage 

amplitude 
200V 200V 

3 
Load voltage 

amplitude 
200V 200V 

4 
Grid current 

amplitude 
10Amp 10Amp 

5 
Inverter current 

amplitude 
10Amp 10Amp 

6 
Load current 

amplitude 
20Amp 20Amp 

7 
Grid voltage THD 

A,B,C phase res. 

10%, 10%, 

10% 

0.2%, 0.2%, 

0.2% 

8 

Inverter  voltage 

THD A,B,C phase 

res. 

10%, 10%, 

10% 

0.2%, 0.2%, 

0.2% 

9 
Load voltage THD 

A,B,C phase res. 

10%, 10%, 

10% 

0.2%, 0.2%, 

0.2% 

10 
Grid current THD 

A,B,C phase res. 

8%, 5.2%, 

5.9% 

6.9%, 3.7%, 

3.6% 

11 

Inverter  current 

THD A,B,C phase 

res. 

7.4%, 

5.6%, 

5.7% 

6.7%, 3.6%, 

3.6% 

12 
Load current THD 

A,B,C phase res. 

0.5%, 

0.6%, 

0.5% 

0.013%, 

0.014%, 

0.012% 

Table 5: Comparison of Designed System with & Without 

Filter 

VII. CONCLUSION & FUTURE SCOPE 

A. Conclusion 

The depleting storages of fossil fuels and increasing demand 

of electrical energy lead us to use renewable energy sources 

to generate electricity to feel the demand and supply gap. 

Most of the renewable energy sources gives DC power output 

so there is need of converting the DC power to AC for 

interconnecting it to grid. The RES gives a low power quality 

output that one cannot directly inject into grid. As shown in 

above paper after comparing all the available technologies for 

interconnecting the RES to grid multilevel inverters are most 

suitable. In this paper after compeering 2 level inverter and 

multilevel inverter supplying power to the same grid system 

with same controlling strategy. It can be seen that the 
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multilevel inverters give better power quality output than 2 

level inverter. And it can be concluded that the power quality 

of multilevel inverter output can be improved by using low 

order filters like LC filter. Which reduces the harmonic 

contain in the inverter output and from the results obtain it 

can be concluded that the system is giving desired outputs. 

B. Future Scope 

In this paper the designed system is sharing the load equally 

between renewable energy system and grid. By doing some 

modification in the close loop control system this shearing of 

load between renewable energy system and grid can be varied 

from 0 to 100 present. The designed H bridge multilevel 

inverter systems simulation can be implemented as a 

hardware using controlling devices like. 

1) Feld programmable gate array (FPGA) 

2) Micro controllers 

3) Dspace 
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