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Aim: The major objective of this proposed work is to evaluate the PV-powered buck-boost converter when differentiated from 

the Boost converter that will make the most efficient use of renewable energy. As a result, this research on the generation and 

enhancing power flow using a buck-boost converter is presented.Materials and Methods: PV system interfaced with a Boost 

converter and Buck-Boost converter is analyzed. The sample size is calculated as 14 with each group as 7 using GPower 

software. The significance value is determined as 0.001 (p<0.05) based on SPSS analysis.Results: Buck-Boost converter 

provides an efficiency of 49.78% whereas the conventional Boost converter has 39.41%. The significance value is determined 

as 0.001 (p<0.05, statistically significant) based on SPSS analysis. Conclusion: PV-powered buck-boost converter gives more 

efficiency at a faster pace under varied operating conditions. As a result, this will be a superior platform for generating power 

and satisfying load demands. 
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INTRODUCTION 
 
 Transportation energy generation, industrial activities, and heating all need fossil fuels. At the same time, 

burning fossil fuels to release their chemical energy is a major source of greenhouse gas emissions, primarily 

carbon dioxide (CO2), which contributes to global warming. Solar energy production is one of the most common. 

While there has been a surge in interest in and use of solar energy as a crucial alternative clean energy source in 

recent years, solar technology deployment has mostly been focused on power generation (Ogura et al. 2004). 

Photovoltaic power has acquired increased attention as a way to meet demand due to the high quality of power it 

provides to residential and industrial clients (Mageshwari, Kanagalakshmi, and Rao 2017).  The PV system can 

be utilized in grid systems, electric vehicles, drive applications, etc., (Raja Mohamed, Aruna Jeyanthy, and 

Devaraj 2018) (Surosoa 2010)(Raja Mohamed, Aruna Jeyanthy, and Devaraj 2018). 

From 1999 to 2021, a large number of research studies have been examined in this regard. Nearly 1283 

research works were analyzed, from IEEE and Google Scholar. One of the most crucial components in a solar 

system is the power converter because it can convert various types of power and generate electricity more 

compatible with the end-user. Because solar cells generate DC electricity, many types of power converters can be 

used (Kotak and Tyagi 2013). In this research work (Enrique et al. 2007) comparative of the photovoltaic system 

performance using the three basic topologies of DC/DC converters and MPPT tracker were discussed. The 

ambient temperature, as well as the panel's installation type, will have an impact on the temperature derating. The 

effects of insolation on PV panel performance if the ambient temperature is 28°C were calculated using the 

PSPICE/MATLAB model and published (Gow and Manning 1999). It is critical to operate the solar panel at its 

ideal PowerPoint to optimize the power generated. As a result, a power electronics converter interface is 

introduced between a solar panel and a battery. To extract the most power from a PV solar panel, numerous pulse 

width modulator (PWM) DC-DC converters are used (Baharudin et al. 2017). 
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Our team has extensive knowledge and research experience  that has translate into high quality 

publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, Ravel, and Perumal 2021; Sathiyamoorthi et al. 

2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et al. 2020; Kamath et al. 2020; Shanmugam et al. 

2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 2020; Aurtherson et al. 2021). The 

limitation of the existing topology is that due to change in frequency the output voltage is also varied which 

influences the system performance. The aim of this research work is to interface a novel buck-boost converter in 

which voltage fluctuations are limited with varying frequency so that system performance will be improved.  

 

Materials And Methods 
 

This research was done in the Power Electronics Lab, Department of Electrical and Electronics 

Engineering, Saveetha School of Engineering, Saveetha Institute of Medical And Technical Sciences. Two 

topologies have been compared and its sample size has been calculated by using G power software. It was 

determined that each method has 7 samples and a total of 14 samples (g power setting parameters: 𝝰=0.05, 

power=0.80, effect size d=0.2). The system is simulated using the MATLAB Simulink software. 

Energy generation, conversion, transmission, and distribution all rely heavily on power electronic 

devices. AC-DC, DC-DC, DC-AC, and AC-AC conversion systems all utilize it. Semiconducting devices play a 

role in DC-DC-AC conversion in grid-connected systems. The role of a DC-DC converter in a PV-powered system 

is critical, and it focuses on increasing voltage. The voltage received from the source can be stepped up or 

decreased using DC-DC converters. For DC-DC conversion, a wide range of converters are available, however, 

the buck, boost, and buck-boost stages are the most common. The duty ratio given to the switches determines how 

well these various converters work. Researchers have proposed a specific construction for converters to take low 

input magnitudes and acquire bigger voltage magnitudes with a lower duty ratio and lessen stresses between 

switches in recent years. Following previous research into enhancing the voltage gain of PV arrays, two distinct 

converter architectures with PV as an input source were chosen for analysis.Our team has extensive knowledge 

and research experience  that has translate into high quality publications(Bhansali et al. 2021; Jayanth et al. 2021; 

Sudhakar, Ravel, and Perumal 2021; Sathiyamoorthi et al. 2021; Deepanraj et al. 2021; Raju et al. 2021; Arun 

Prakash et al. 2020; Kamath et al. 2020; Shanmugam et al. 2021; Rajasekaran et al. 2020; Adhinarayanan et al. 

2020; Rajesh et al. 2020; Aurtherson et al. 2021) 

 

PV farm, the converter, then dc-link capacitor, voltage source inverter, maximum power point controller 

(MPPT), PWM control unit, filters, and some other main control circuits make up a grid-connected PV 

system(Singh and Rajput 2016). Its function can be divided into two categories: ON and OFF(Grinkevich and 

Troitskiy 2003). Switch T is on in the ON state, and the entire current flows via the inductor, circling in a loop, 

with no current flowing through the diode. Switch T is opened in the OFF state, allowing the total current to flow 

by diode D, capacitor C, and resistance R. At the converter output, the control loop keeps a 500V dc output 

voltage. 

From this article, various models of PV systems with several DC-DC converter methodologies are used, 

such as well as buck converters, boost converters, and buck-boost converters, that are implanted to cut the power 

gap between the Novel PV array and the load by changing the duty cycle, a proceeding known as greatest power 

point tracking (MPPT). This study discusses four alternative MPPT-controlled DC-DC converter approaches. The 

whole first approach has been suggested, which comprises a PV module linked to a buck-boost converter regulated 

by an incremental conductance MPPT algorithm, as well as a PID controller to minimize output voltage 

inaccuracy. The second approach is identical to the above but does not include a PID controller. The latter two 

systems use a boost converter with MPPT control and PWM technology. Matlab/Simulink is used to simulate all 

of the approaches described (Mao et al. 2017). 

 

Statistical Analysis 

Statistical analysis is done by using SPSS tools and for obtaining the performance of the Boost converter 

and buck Boost converter. The statistical features such as mean, standard deviation, and standard mean error are 

obtained for both the topologies using the statistical tools. Frequency is the independent variable and Harmonics 

is a dependent variable. Independent T-test analysis is performed in this research work. 

 

Results  
 

The recommended system procedure yielded Table 1 represents 0.2141 standard deviations and 0.08142 

value of standard error, whereas the conventional method yielded 1.38223 standard deviations and.0.52243 as 

standard error. Table 2 shows a T-test analysis of conventional and proposed methods when the THD was varied 

from 5e3 to 25e3. The mean value of the system employing buck-boost converter is 49.7800, which is higher than 
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the mean value of the boost converter having 39.4143. Table 3 reveals a wide variation in output power and 

efficiency among recommended and existing systems based on an Independent Samples Test. Considering p<0.05, 

there is a substantial variation among the two groups (t value is -9.07110.201). The quality significance variation 

among the two groups is 0.001 (p < 0.05,  statistically significant). 

Figures 1 and 2 show the generalized structure of the PV array with boost and buck-boost converter. 

With irradiance and temperature level of 1000 and 25 degrees, Celsius is fixed for both existing and proposed 

methods to analyze the efficiency. Other than efficiency, the amount of power gained from the network is 

essential. So both studies will concentrate upon improving the voltage gain. Figures 3 and 4 represent the voltage 

and current obtained from the PV-connected boost converter and buck-boost converter. The total harmonics 

involved in it could define the power quality. So all the steps handled in the proposed study are to take care upon 

reduction in noise, unwanted interruption of signals, harmonics, etc. Figure 5 depicts a comparison of peak output 

power and efficiency gained from the usual system and the suggested way. With a standard deviation range, the 

suggested technique can generate more consistent findings. 

 

Discussions 
 

PV interfaced novel Buck-Boost and Boost converters were implemented to improve the efficiency under 

the varying frequency. From the obtained results, the novel buck-boost (49.78%) converter produces better 

efficiency compared to the boost converter (39.41%). 

Numerous studies have been conducted on PV-powered conversion systems combined with storage 

systems to meet load requirements, as well as alternative topologies for utilizing solar energy or grid-connected 

PV systems. Understanding all of the steps taken and carried out in each technique is fairly necessary. Sustainable 

and renewable energy processing, portable devices, and many industrial processes all used DC-DC 

converters(Qiao et al. 2006). The duty ratio is the major factor to determine the functioning of the 

converter(Bharadwaj and John 2014) It is mostly used to obtain a constant DC voltage from a DC source such as 

a rectifier output, a battery, or a solar cell(Margaret n.d.), which is then delivered to a DC-DC converter. Several 

conversions are done to inject the generated voltage into the grid(Mostafa, Saad, and El-sattar 2020). The proposed 

system can generate limited power only because the storage system is unavailable(Ogudo and Umenne 2019). By 

introducing additional storage the energy generated will be stored and used for the future (Dagal and Akin 2019). 

The increase in demand for power kept increasing as like increase in population and growth of industrial 

sectors. It is insufficient to meet the energy crisis in the future. This will cause lagging in power generation. 

Adding an energy storage system will improve in meeting the power demand without any lag. This method will 

be a great choice in the future when the storage system is assisted. 

 

Conclusion 
 

In this work, higher efficiency of the PV system was carried out in both novel Buck-Boost converter and 

conventional Boost converter. It is inferred from the obtained results that a Buck-Boost converter has a better 

efficiency of 39.41% compared to a conventional Boost converter has a voltage gain of 49.78%.Based on the 

independent T test the significance value is 0.001  (p < 0.05)  statistically significant within the limit of study. 
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TABLES AND FIGURES 

  

Table 1. Efficiency of the novel Buck-boost the buck-boost converter and the conventional Boost converter for 

varying frequency 

  

    Frequency (Hz) 

Efficiency (%) 

Buck-boost converter Boost converter 

5000     49.43 37.65 

7000      49.60 38.03 

10000      49.71 38.50 

17000      49.92 39.60 

22000      49.80 40.20 

25000      49.97 40.67 

30000      50.03 41.25 

  

Table 2. Group statistical analysis of novel Buck-boost converter and conventional Boost Converter by taking 7 

variables per group. The standard error mean for the modified sepic converter is .08142 and for the conventional 

sepic converter is 0.52243. Efficiency calculation of using seven samples selected for each group. 

Group Statistics 

  GROUP NAME N Mean 
Standard 

Deviation 
Standard Error Mean 
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Efficiency 

Buck-boost 

converter 
7 49.7800 .2141 .08142 

Boost converter 7 39.4143 1.38223 .52243 

 

Table 3:  The independent sample test revealed a substantial variation inefficiency among the suggested two 

stages and the standard single stage.Since the value of significance is 0.001 p<0.05, there is a substantial 

variation among the two methods,which is considered to be  statistically significant. 

Independent Sample Test 

Levene’s Test for Equality of 

Variances 
T-test for Equality of Means 

  F Sig. T Df 

Sig. 

(2-

tailed

) 

Mean 

Differenc

e 

Std. Error 

Difference

s 

95% Confidence 

Interval of the 

Difference 

Lower Upper 

Efficienc

y 

Equal 

Variance

s 

assumed 

19.5

4 

.00

1 

19.60

5 

 

 
.000 10.365 .52874 

9.2136

9 

11.517

7 

Equal 

Variance

s not 

assumed 

    
19.60

5 

6.29

1 
.000 10.365 .52874 

9.0863

2 

11.645

1 
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Fig. 1. Simulink diagram of the PV interfaced  Boost converter . 

 
  

Fig. 2.  Simulink diagram of the buck-boost converter interfaced with  PV system 

 

 
Fig. 3.  Voltage and current gain of boost converter system measured across a load 

 

 
 

Fig. 4. Voltage and current gain of buck-boost converter system measured across a load 
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Fig. 5. Comparison of Boostconverter with buck-boost converter method in terms of Mean output and efficiency 

is presented. The output of the buck-boost converter and boost converter and the standard deviation of the buck-

boost converter is slightly better than the conventional boost converter. X-Axis: novel buck-boost vs boost 

converter. Y-Axis: Mean Harmonics of detection is ± 1 SD. 

 

 

 

 

 

 

 


