
HYBRID MULTILEVEL INVERTER FED ISOLATED 
WIND/PV SYSTEM FOR REDUCTION OF HARMONICS  

D. Srividya1, Ujwala Gajula2 *, Gouthami Eragamreddy3 
 

              PG scholar, Department of EEE, G.N.I.T.S ., Hyderabad, Telangana, India , srividya500@gmail.com           
Assistant professor, Department of EEE, G.N.I.T.S, Hyderabad, Telangana, India    gjujwala@gmail.com  

Assistant professor, Department of EEE, G.N.I.T.S, Hyderabad, Telangana, India,       gouthami.erp@gmail.com                                                          
 

Abstract: Renewable energy options have become increasingly popular as a source of electricity in recent 
years. Because solar energy is pollution-free, it is readily accessible on the planet. Industry for distant and 
scattered applications. In distant regions, hybrid applications that use more than one renewable energy 
source, such as wind and solar energy, are in high demand. The goal is to create a hybrid PV/wind model 
with a hybrid multilevel inverter using nearest level control technique for lowering overall harmonic 
distortion. The simulation results support the suggested topology's efficacy. The topology's performance 
is validated using MATLAB/SIMULINK. 

Keywords – Photo-voltaic (PV), Hybrid Multilevel Inverter (HMLI), Total Harmonic Distortion (THD), Nearest level 
control Technique. 

I. INTRODUCTION 

Renewable energy sources have drawn people from all over the world to distributed 
generation. For pollution-free electricity, solar and wind energy are widely employed. Renewable 
resources exist in every part of the planet in some form or another. As a result, a research on renewable 
energies attracts an increasing amount of interest. A producing system with single renewable energy 
source does not provide the needed electricity [1]. When one energy source is unavailable or inadequate 
to fulfil the load needs, another energy source can be used to make up the difference. Applications using 
photovoltaic (PV) energy and wind energy have expanded substantially as a result of the fast expansion 
of power electronics methods. Solar radiation and wind speed are in essence, complimentary 
characteristics. Because communities outside of metropolitan centres face issues with installation and 
wiring. Certain energy sources are a viable option in these situations. In comparison to an unusual source, 
a hybrid system has a high performance. For example; one system may produce more electricity, while 
another may provide less or no power. As a result, the output voltage from the system needed to be 
stabilized. The two renewable energy systems are connected in parallel so that if one source fails, the 
other can maintain the balance system. As a result, these two systems may both function independently 
and concurrently [2]. 

II. MULTILEVEL INVERTER TOPOLOGIES 

In medium-voltage industrial applications, multilevel inverters (MLI) have recently received 
a lot of attention. Because 2-Level inverters aren't suitable for medium voltages. Furthermore, they have 
demonstrated that semiconductor switches with minimal electromagnetic interference (EMI) can have 
lower power dissipation [2]. MLIs are often classified into three topologies based on their infrastructure. 
The CHB is popular because of its versatility, since it is designed in a modular form that can easily be 
changed to any number of levels. The count of driving circuits and components in traditional multilevel 
inverters grows proportionately. Furthermore, increasing the number of discrete components reduces the 
system's dependability. There are other classification techniques for MLIs; however, in this article, MLIs 
are categorized into two major groups based on the first category employs a single dc source, with various 
voltage levels achieved through the use of numerous capacitors. Because this is frequently used in 
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industry. It is the most suitable topology in this category. Because they are strong in medium voltage 
applications and relatively good efficiency, NPC inverters have been frequently used. Furthermore, the 
neutral point gives a zero-voltage level, resulting in three distinct voltage levels. Results are increased in 
voltage and current THD, necessitating the use of extra reactors to alleviate the problem, which might 
raise the implementation cost. However, because of the difficulty with unbalanced capacitor voltages, 
NPC inverters are restricted to only three layers in practice.  

 

Fig.1 Neutral Point Clamped MLI Topology 

The Flying Capacitor (FC-MLI) is another single dc-source inverter architecture proposed by 
Meynard et al. in 1992. The construction of the FC-MLI is identical to that of the Neutral Point Clamped 
inverter, except that instead of clamping diodes, numerous capacitors are used, as seen in Fig.2 Even so, 
bidirectional active and reactive power regulation is possible. The increase in voltage levels, on the other 
hand, will limit the appropriate charging and discharging regulation of capacitors. Due to the increasing 
quantity of capacitors, the inverter's cost will rise, the device will get larger, and its lifetime will be 
shortened. To balance the capacitor voltage, this architecture necessitates the use of specific control 
methods. the FC-MLI architecture is widely used [3].  

When greater voltage levels are necessary, the drawback of a single dc source is its restriction. 
As a result, the many dc sources structure [4] has been introduced. As illustrated in Fig.3, the Cascaded 
H-Bridge (CHB) is the most often used construction. CHB is made up of several dc sources, such as 
batteries, fuel cells, or ultra-capacitors, that are linked in series on the ac side. The FC architecture, unlike 
the NPC arrangement, has separate dc sources per cell and phase [5]. The CHB-MLI is made up, thus the 
term H-Bridge, which was coined in the late 1960s. The multilayer stepped waveform may be created by 
connecting several H-Bridges in series.  
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Fig.2 MLI Topology with Flying Capacitor. 

 

Fig.3 MLI Topology with Cascaded H-Bridges 

This architecture allows for easy scaling of voltage and power levels, but it does so at the expense of 
a large number of independent dc sources, which is one of the configuration's primary drawbacks. 
According to the topologies mentioned above, architecture primarily comprises of a sequence of H-bridge 
cells. All of these characteristics of cascaded inverters allow for precise control of the inverter [2, 6]. The 
different topologies inherited from CHB's basic cell will be shown in the next section. 

III. HYBRID MULTILEVEL INVERTER 

Several multilevel inverter topologies have been studied previously, and one new architecture is 
suggested in this work. Because the suggested multilevel inverter does not employ a capacitor, no 
capacitor voltage unbalancing occurs. The number of DC link switches must be raised are utilised in a 
seven-level multi-level inverter [7]. In this architecture, three independent DC voltage sources are 
employed for a 7-level multi-level inverter. The number of switches in the suggested topology is 
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decreased as a result of this study, lowering the cost of the inverter [8]. Switching and conduction losses 
are also reduced. 

 

Fig.4. Proposed Hybrid MLI Topology 

IV. NEAREST LEVEL CONTROL TECHNIQUE 

NLC method is half-integer method, it is performed easily by round function {}. This method is 
compared with nearest level for getting closest to integer (round {x}). For an example, [9] 16.6 is the 
variable value, it is rounded to 17. In a case if it matches 0.5, a round function rounds away value from 
zero and highest nearest integer. 

 

Fig.5 Nearest level control technique 

V. METHODOLOGY 

Figure 6 depicts the methodology of the proposed work which contains important components for the 
entire system. The hybrid multilevel inverter is intended for continuous voltage supply and is given by 
separate DC sources in which wind and PV are considered as source of various voltages. The redesigned 
hybrid multilevel inverter is linked to a DC-DC boost converter and nearest level control technique is 
shown in fig 7 & fig8. PV/Solar and wind are fitted with the Incremental Conductance algorithm, which 
extracts the most energy from PV/wind while maintaining a Constant DC input voltage for the improved 
hybrid multilevel inverter. It is shown in Fig.6 and an RL load is connected. 

VI. SIMULATION MODELS AND RESULTS 

In this, three DC sources (100V) are utilized to simulate a 7-level multi-level converter. When 
the three switches T1, T2, and T3 are activated, only S1 and S2 will always be in the positive half cycle, 
while S3 and S4 will be in the negative half cycle at a regular interval. The waveform of the output 
voltage is given below in fig.10. The model is designed with MATLAB/SIMULINK for Hybrid 
PV/Wind model with 7 level HMLI. The wind turbine with variable speed PMSG is connected to Hybrid 
multilevel inverter as input voltage Vdc for inverter as given in fig.6. Therefore, the peak amplitude of 
the output voltage waveform is 36V. The RL load values are taken as R=31.56 ohms, L=15mH which 
are considered for low pass filter of load current. THD evaluation is given in the fig. 11. 
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Fig.6. Methodology of the proposed work 

 

Fig.7. Seven level Hybrid Multilevel Inverter 

 

Fig.8. Nearest Level Control Technique
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Fig.9 Hybrid PV/Wind Model with Hybrid MLI 

 

Fig.10 Output Voltage for Three Phase Hybrid MLI 

 

Fig.11 THD evaluation of HMLI 
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VII. CONCLUSION 

A unique asymmetrical modified CHBMLI architecture is suggested for a hybrid PV/wind 
microgrid. The suggested model is suitable for higher levels with fewer switches. When compared to 
standard CHBMLI, it is more efficient because switching losses are reduced by half since switches are 
reduced from 100% to 50%. Because the MLI's hybrid renewable energy sources provide sinusoidal 
output voltage, it consumes very little electricity. The switching losses of the modified CHBMLI are 
lower than those of a standard inverter, and the system's performance is improved by decreasing the 
cost of switches, driver circuits, and diodes. Because to the NLC method, the MLI's total harmonic 
distortion has been decreased. As a result, in distant regions, a hybrid PV/wind system is useful and 
cost-effective. The aforementioned architecture is simulated for a study of, microgrid's power efficiency 
in terms of harmonics. 
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