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Abstract:  This paper presents modeling and simulation of an impartial Photo-Voltaic (PV) system with upgraded 

multilevel Inverter using MATLAB/SIMULINK. The filtration of lower order harmonics is a challenging issue. So to 

reduce the harmonic contents, the level of the output voltage is increased up to 25 levels by proper arrangement of 

multilevel inverter with reduced number of switches. The model includes a 25 level inverter which claims that the total 

harmonic distortion (THD) reduced to approximately 3%. The proposed 25 level inverter uses only 12 numbers of 

switches which is very less than that of diode clamped, capacitor clamped and cascaded H-Bridge multilevel inverter 

(MLI). The comparative analysis of THD between the two system discussed in this paper says that the THD is 

increased by introducing the DC-DC converter which is approximately found to be 12% but it is less as compared to the 

other conventional multilevel inverters used for PV system . It also reduces the rating of the PV cell. The rating of the 

PV cell is higher in the system when the dc-dc converter is not included 
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1. INTRODUCTION 

 

Global energy demands are increasing at a rapid rate. This has led to high consumption of fossil fuels with negative 

environmental consequences including global warming, acid rain and the depletion of the ozone layer. The 

diversification of energy resources is crucial in order to overcome the negative impacts of fossil fuel energy 

technologies that threaten the ecological stability of the earth. Furthermore, rising fuel prices and the growing scarcity 

of fossil fuel may have negative economic and political effects on many countries in the near future. The improvement 

of energy efficiency and the effective use of renewable energy sources are key to sustainable development.  

 

A possible solution to this crisis lies in renewable energy systems. Various renewable energy technologies have been 

developed, which are reliable and cost competitive compared with conventional power generation. The cost of 

renewable energy is currently falling and further decreases are expected with the increase in demand and production [1]. 

 

Many countries have adopted new energy policies to encourage investment in alternative energy sources such as 

biomass, solar, wind, and mini-hydro power. Solar energy is one of the most significant sources of renewable energy 

and promises to grow its share in the near future. An international energy agency study, which examined world energy 

consumption, estimates that about 30 to 60 Terawatt of solar energy per year will be needed by 2050 [2]. One of the 

means of harvesting solar energy is photovoltaic cells. The problem with solar energy is that it is not available all the 

time and that the times when it is most available rarely coincide with the demand for energy. Moreover, photovoltaic 

plants  sometimes experience cloud problems, which negatively affect the efficiency of  the photovoltaic (PV) system 

by lowering its  output power. It therefore seems appropriate to store the PV energy accumulated during high irradiance 

times not only to maintain power supply during low-irradiation times or cloudy periods, but also to provide a 

continuous electrical output. A battery is the common type of solar energy storage device used for this purpose. 

 

Photovoltaic energy sources can be used as stand-alone systems and grid-connected systems and their applications 

include water pumping, battery charging, home power supplies, street lighting, refrigeration, swimming-pool heating 

systems, telecommunications, military space and satellite power systems, and hydrogen production and the layout is 

shown in figure 1. In the current study, PV system is used as stand-alone system[3]. 
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Figure 1.  Application of PV systems 

 

.Design Of Photovoltaic cells 

An ideal solar cell can be designed with the combination of a current source and a diode where the current produced by 

the solar cell is proportional to the solar irradiation intensity falling on it. But the practical behavior of a cell is deviated 

from ideal cell due to the optical and the electrical losses[4,8]. So, in order to develop an electrical equivalent model of 

a solar cell, appropriate components should be added to the ideal current source. An electrical equivalent circuit of a 

solar cell is shown in figure 2. [9].  

 
Figure 2.: Equivalent circuit of a solar cell 

 

The optical loss is represented by the current source itself where the generated current Iph is proportional to the light 

input. Recombination losses are represented by the diode connected in parallel to the current source. But the diode is 

connected in reverse direction as the recombination current flows in the opposite direction to that of light generated 

current. The ohmic losses in the cell occur due to the series and shunt resistance denoted by Rseand Rsh respectively. 

Series resistance is the resistance offered by the solar cell in the path of current flowand shunt resistance corresponds to 

the leakage path of the current in a solar cell which is presented in parallel with the current source[10] 
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Mathematical Modelling Of PV Module and Array 

In order to develop the model of a 40W solar photovoltaic module, a real PV module WS - 40 manufactured by 

WAAREE SOLAR has been considered as a standard module. For higher requirement of voltage and current, more 40 

watt panels can be connected either in series or in parallel. Following table shows the key specification of the PV 

module under Standard Test Conditions (STC) [11-15].  

 

    Table-1: Specification of PV module 

Electrical Characteristics WS-40 

Nominal Maximum Power   40W 

Optimum Operating Voltage    17V 
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Optimum Operating Current    2A 

Open Circuit Voltage ,VOC    21V 

Short Circuit Current, ISC   2.54A 

Temperature Coefficient of ISC (Ki) 0.005A/ 0C 

 

The original PV module contains total 36 cells. The series connection is chosen in order to generate the specified 

voltage from the simulated model with 36 cells. In this system, desired voltage level is achieved by applying a gain on 

the cell voltage equals to the number of total cells, to develop the model of a 40W PV module. Following equations are 

required to design a close loop PV module which has the advantage that, PV array can also be designed using that 

particular model [16-21]. 

 

 

Figure 3: Simulink model of a PV module 

 

The simulation model of the PV module based on the above equations is shown in figure 3  and the I-V and P-V curve 

for 40 watt PV module is shown in figure 4 and 5 respectively. Those simulated waveforms are traced for Standard Test 

Condition (STC). But there occurs some variation in the field conditions such as variation in the irradiance and 

temperature. So that the I-V and P-V curves are varied corresponding to particular variation.  

 
Figure 4 : I-V curve for STC                       Figure 5 : P-V curve for STC 

 

 

2 .SIMULATION RESULT AND DISCUSSION 

 

2.1.Effect of Irradiance 

The photo current (Iph) which depends upon two measure parameters, irradiance and temperature which affects the 

efficiency of the solar cell.When irradiance falls, the solar cell current decreases which results in decrease in the cell 

voltage. Figure 6 and 7 shows the I-V and P-V curve respectively for the variation in irradiance level. Here, the 

simulation is done for 1000 W/m2, 800 W/m2, 600 W/m2, 400 W/m2 and the cell temperature is kept constant at 

250C.[22-26] 
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Figure 6 : I-V curves for different irradiance level   Figure 7 : P-V curves for different irradiance level 

 

2.2.Effect of Temperature 

Generally the photo current is also a function of temperature and both are proportional to each other but energy 

production dropped off steadily, once the panel temperature reaches 45 degree Celsius. That means, if the temperature 

exceeds this permissible value, then the current value may increase but the voltage decreases. The effect of temperature 

on the PV power production varies depending on the solar panel units employed. Higher number of photovoltaic units 

are less negatively affected by high temperatures than the lower units.  The effect of temperature on the I-V and P-V 

curve is shown in figure 8 and 9 respectively. 

 

 
Figure 8 : I-V curves for different temperature level     Figure 9: P-V curves for different temperature level 

 

2.3 .Effect of Partial Shading 

As described in chapter 2, nine PV modules are connected in series-parallel combination to create an array. Figure 10 

and 11 shows the I-V and P-V curves for unshaded and partially shaded modules. Here the unshaded curves (marked as 

red) represents that irradiance is uniformly distributed on all modules. But the rest curves shows that the irradiance is 

different. Middle I-V and P-V curves (marked as blue) shows that the array is absorbing two different levels of 

irradiance. Therefore, the P-V curve is having two peaks where the higher one is known as global maximum point and 

the lower one is known as local maximum point. Similarly the lower curves (marked as brown) shows the results for 

three different levels 

 
Figure 10 : I-V curves for partial shading    Figure 11 : P-V curves for partial shading 
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2.4 .MLI with and without DC-DC Converter 

As asymmetric multi level inverter is used for the ac loads, some of the dc inputs require higher value of voltage and it 

can be boosted by dc-dc converter from a single module but nonlinearity increases due to the presence of inductors and 

capacitors in the dc-dc converter and also due to the dc to dc conversion (either buck or boost). This results to higher 

THD. It can be noted that, high efficient MPPT technology can be used for single input inverters for further use of ac 

loads. But in this MLI technology, more number of modules are required to provide the higher value of voltage.  

According to the model and formulae of twenty five level inverter, if the values of dc sources of first sub-multilevel cell 

is Vdc then the values of dc sources of second sub-multilevel cell is 5Vdc. Here, in the first sub-multi level cell, single 

40W modules are fed whose Voc is 21 volts and the second sub-multi level cell requires 105 volts. So, the second sub-

multi level cell can be fed by either boosting the 21volts to 105 volts or by connecting five 40 W panels in series. An 

analysis can be done by comparing the output voltage waveforms and THD for both the case.  Figure 12 and 13 shows 

the output waveforms of 25 level MLI with and without buck-boost converter respectively. Harmonic content of the 

MLI output is found through FFT analysis. It is measured by THD and found to be 25.66 % with buck-boost converter 

and 3.59 % without buck-boost converter which are shown in figure 14 and 15 respectively. 

 

 
Figure 12: Output voltage waveform of Twenty five level MLI with buck-boost converter 

Figure 13 : THD of Twenty five level MLI with buck-boost converter 

 

 
Figure 14: Output voltage waveform of Twenty five level MLI without buck-boost converter           

 Figure 15 : THD of Twenty five level MLI without buck-boost converter 
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Figure 16: Output voltage waveform of Forty ninelevel MLI without buck-boost converter 

Figure 17: THD of Forty ninelevel MLI without buck-boost converter 

 

Figure 16 shows the output voltage waveform of a proposed forty nine level inverter which is approximately sinusoidal 

and requires less filter circuits. THD analysis is shown in figure 17. Total harmonic distortion profile of a forty nine 

level MLI is less nearly about 2.35 % which is less than the IEEE standard 519 

 

CONCLUSION 

 

This paper provides an efficient multi level inverter topology for standalone PV system with and without buck-boost 

converter. It has been explained that when the solar PV panel is directly connected to the load, the power delivered is 

not optimal. Moreover, solar PV power fluctuates due to variations in irradiance and temperature levels. Thus, an 

MPPT system is needed to achieve the optimum or peak power under changing environmental operating conditions. 

When a PV panel is equipped with an MPPT system, it includes a solar panel, an MPPT algorithm, and a DC-DC 

converter. Each component was modelled and simulated in a Matlab/Simulink environment. 
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