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Abstract: Recently, solar energy is growing as a power source for potential alternative to meet the 

global demand. Unlike other energy sources such as coal, nuclear, gas and oil, their prices are not 

only stable, they prevent the harmful side-effects on the environment, being one of the best sources 

of clean energy (solar energy). This article presents an analysis of the transformation of the static 

system for the treatment of solar energy using photovoltaic modules. It is designed to generate 

energy for future generations to be more useful from different parts of the photovoltaic energy 

conversion system, such as a DC-DC converter, current inverter, maximum power tracking 

algorithm (MPPT), filter, the stability of a system, etc. The above result will be useful in the 

improvement of efficiency in photovoltaics structures. 
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1. Introduction 

The global energy crisis and threat of environmental disruption have become a common concern 

throughout the world. The demand of electricity has increased over the past decades. In case of the 

frequently used sources of energy such as thermal, oil, gas, etc., the main issue is the availability of 

limited reservoirs that may be exhausted in the next few years because of their irrational use of 

humanity. Due to their limitations, renewable energy source is becoming increasingly popular. As 

such, the photovoltaic (PV), wind farm and biomass are mostly sought after. Among all the 

sustainable energy sources, solar energy is the most influential energy sources because of its 

cheapness and profuse availability. The main principle of the solar PV is that light energy can be 

converted into electrical energy. This energy technology has many advantages, like simplicity, high 

reliability, low maintenance, minimum time required for installation and operation, doesn’t exist any 

moving mechanical elements, etc. This type of energy source, as it is traditionally appealing in the 

countryside, it is economically appropriate for interconnecting to the primary electricity supply. In 

this case, the PV panels are installed at the top of the houses and, buildings to empower the grid. 

Therefore, PV module can operate as a small power plant in parallel to the grid of electricity. 

In view of the application which introduced above, this paper describes a static conversion 

network for the treatment of solar energy from PV cells. This network is linked to the supply of 

electricity and contributes to the supply of electrical energy. The conversion network consists of a 

solar PV module, a power transmission from the push-pull converter, which is connected to DC-DC 

converter and DC-AC converter. The Control unit for adjusting the power is extricated from the solar 

PV system. The properties of PV cells are low and the efficiency of the source of DC power depends 

on the solar radiation and its temperature [1]. This source is a normally sustainable energy source 

with potentially long-term benefits. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 November 2018                   

©  2018 by the author(s). Distributed under a Creative Commons CC BY license.

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 November 2018                   doi:10.20944/preprints201811.0593.v1

©  2018 by the author(s). Distributed under a Creative Commons CC BY license.

mailto:ronak.eleindia@gmail.com
mailto:KVG.raghawendr999@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.20944/preprints201811.0593.v1
http://creativecommons.org/licenses/by/4.0/


 

The PV system has two sides: the technology of power electronics and control strategy. Under 

partial shading cases, the MPPT can be operated accordingly. Because there is a possibility of adding 

more to the maximum points on the IV Characteristics of PV. Power electronics converters transfer 

and organize the output power of PV energy from solar as required. In addition, in the PV system, 

we mainly use an inverter. 

2. Solar PV and It’s Characteristics 

Transforming the solar light energy to electricity using PV is the fundamental action of solar cell. 

An individual PV cell generates 0.5 V, the basic block diagram of PV system method uses many PV 

cells and connects series to get high voltage. The figure shown around 36 cells to 128 cells are in the 

series, it is quite common and used [2]. These cells are attached to the PV modular form. In addition, 

the solar PV is designed by the connection of a PV module to form PV array. The PV system can be 

constructed in series parallel rows (SP), total cross tied (TCT) and bridge connection topology (BL) 

[3]. The solar PV array can be constructed in accordance with the required power as a bridge 

connection, an overall cross-connection and a series-parallel topology as shown in Figure 1. 

 

 

Figure 1. Solar PV Configuration  

The equivalent electrical diagram of the PV module is representing in Figure 2. It is equipped 

with the source of current Iph that displays the light generated current. The voltage generated at 

terminal V is the PV module voltage that can be multiplied by the number of connected PV modules. 

A parallel resistance Rsh and series resistance Rs, are also connected to the PV module. The output 

current of the PV terminal is I.  

𝐼 = 𝐼𝑝ℎ − 𝐼0 {𝑒𝑥𝑝 [
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Figure 2. Equivalent Circuit of Solar Cell 
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The perfect photocell has a very low resistance Rs in the series, and the Rsh has high resistance to 

normal applications. Therefore, two internal resistance Rs and Rsh are cleared and the equation (1) is 

mention to  

𝐼 = 𝐼𝑝ℎ − 𝐼𝑜{exp(𝐴𝑝𝑉) − 1} ≅  𝐼𝑝ℎ − 𝐼𝑜𝑒𝑥𝑝 (𝐴𝑝𝑉)    (2) 

Where 

  𝐴𝑝 =
𝑄

𝑛𝑘(𝑇+273.15)
                                     (3) 

𝐼𝑜𝑠 = 𝐼𝑜𝑟[
𝑄𝐸𝐺𝑜

𝐵𝑘
((

1

𝑇𝑟

) − (
1

𝑇
))][

𝑇

𝑇𝑟

]3                    (4) 

𝐼𝑝ℎ =
𝑆 [ 𝐼𝑠𝑐 + 𝐾𝐼 (𝑇 − 25)]

100
                               (5) 

In this case, V is the output voltage and I is the current of the PV module. Rsh is the shunt 

resistance, Rs is the resistance in series, T is the temperature of cells, KI is the temperature coefficient 

the short circuit current at Isc, Q is the charge in electrons, k is the Boltzmann constant, Iph is the current 

of light generation, Isc is a current circuit at 26 ° C and 1000 W / m2, Io is the inverse saturation current 

of the PV module, S is solar radiation, the EGo is the energy of the forbidden band of silicon, the Tr is 

the reference temperature, and Ior is the saturation current at temperature Tr. 

The above expressions show the characteristics of the PV module, which depends on the solar 

radiation S and the ambient temperature. As it can be seen from Figure 3, is the graph of PV power 

as a function of the voltage under a different irradiance at a constant ambient temperature. The 

property of the PV module is very pivotal for analyzers in the study of the PV system, mostly for 

maximum power point tracker (MPPT). 

 
Figure 3. Characteristic of PV panel power curve. 

3. MPPT Techniques 

As we mentioned earlier, the efficiency of PV solar modules is so low. Therefore, it is necessary 

to specify the PV working point in the maximum power point of the PV curve. With the help of MPPT 

techniques, we achieve this task. There are different types of MPPT that are presented. 

3.1. Perturb & observe (P&O)  

The Perturb and Observe (P&O) is widely used in practical PV systems for control of MPPT 

because it is simple and economical [4]. P&O is the result of the working voltage of the PV array. The 

perturbing the duty cycle of an electronic power converter interrupts the current of the PV array and 

the voltage of the PV array. The Perturb and Observe system works through interrogating the voltage 

of the PV terminal by adding and reducing the voltage. Then compare the energy source with the 

energy at the previous voltage point. If the power increases, the voltage changes and the operating 

point comes to the left side, if the power decreases then the voltage again varies, at that time the 

operating voltage is shifted to right side. In this sense, the operating point is changed for the direction 

controlled, are else the operating point is changed in the other direction. This process is repeated till 

we reach the MPP point. The problem is the lack of speed and inadequacy needed to stop fast 

transients under varying environmental conditions [5]. This is an easy procedure, but the degradation 

of performance is reached by changing the accuracy and speed when choosing a step size [6]. The 

algorithm for P&O is represented in Figure 4. 
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Figure 4. Flow Char of Perturb and Observed Method  

3.2. Constant voltage (CV) 

The CV method operates on the stake that the voltage on MPP is about 85% of the open circuit 

voltages of the PV module in normal atmospheric conditions. The voltage at the terminal modules 

varies slightly even if the solar radiation changes. These changes occur when there is temperature 

change. It is proposed to use this method in the area where the temperature fluctuation is the lowest. 

It is very easy to implement this technique as a parameter to detect and can easily control the loop so 

that to reach the maximum power point [7]. 

3.3. Temperature effects on MPPT 

One of the good choices is to use a method of temperature. In this technique, the PV array is 

senses temperature and therefore monitored by the MPP. An inexpensive temperature sensor has 

been used for this purpose and modifies the function of the MPP algorithm that supports the correct 

MPP path. But the problem is an irregular distribution of the temperature of the PV array. 

Additionally, if the sensor is not properly connected and may be misaligned. Then, it gives a wrong 

measure of PV temperature [8]. The equation of the temperature method is introduced in below.  

𝑉𝑀𝑃𝑃(𝑡) = 𝑉𝑀𝑃𝑃(𝑇𝑟𝑒𝑓) + 𝑇𝑘𝑣𝑜𝑐(𝑇 − 𝑇𝑟𝑒𝑓)                                          (6) 

 Where, VMPP is the voltage of MPP, Tref is the physically properties of the standard test condition 

Tkvoc is coefficient of the temperature of VMPP, T is the temperature of the field. 

3.4. Incremental Conductance 

The IC system is supported on the inclination of the power curve of the PV array, which is zero 

in the MPP, such that ΔP / ΔV = 0, with P = VI. This slope become negative in the right side and 

positive in the left side, as shown in Figure 5. The MPP can be followed by comparing the incremental 

conditions to the immediate conductivity. 
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Figure 5. Flow Chart of Incremental Conductance Method  

3.5. Ripple Correlation control method 

This system is supported on highest energy transfer principle. It is possible to find the best 

results by managing power via all pass filters. That means that the high frequency filter is utilizing 

to detect high frequency waves in power and voltage. The current mains Igrid is in part with the mains 

voltage of Vgrid, which corresponds to the instantaneous power value cuts on the mains. It is given 

below. 
𝑃𝑔𝑟𝑖𝑑(𝑡) = 𝑉𝑔𝑟𝑖𝑑 𝐼𝑔𝑟𝑖𝑑(1 + cos 2𝜔𝑡 )                               (11) 

From the equation above, the instantaneous power-pulsates at a frequency twice of that grid, 

current, power, and creating the ripple contained in the voltage PV. The ripple of the PV voltage and 

power are used to determine the direction of the MPPT. Comparing MPPT algorithms as 

benchmarking standards for performance measurements. These steps are primarily due to tracking 

factor (TF), dynamic behavior plus voltage ripple in MPP, price, number of sensors, and ease of 

execution. According to all the above criteria, the TF is valuable for the MPPT IC to be the highest TF, 

98%. And IC MPPT performance is better in dynamic behavior. 

4. Dc-Dc Converter 
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Power electronics play a leading role in the PV system for converting solar energy. The DC-DC 

converter is a special electronic device that converts an electrical DC source from a voltage level to 

the prescribed voltage level. The DC-DC electronic converters are the focus of MPPT system for PV 

applications [10]. A DC-DC converter operation forms the basis for MPP detection in accordance with 

the proposed MPPT global control algorithm. In practice, the voltage output of the photoelectric 

signal cable is very small, despite the use of MPPT. It requires that a DC - DC converter that uses the 

initial end of the network's access capability. The most common topics for DC-AC and DC-DC 

electronic converters are shown in the schematic diagram of the grid connected to the PV shown in 

the Figure 6. The unregulated DC voltage is tuned and converted to the desired AC signal using an 

inverter. The AC signal connected to the network after the EMI filter. 

 

Figure 6. Block Diagram of Grid Connected Solar PV System 

DC-DC converters are described in the literature as having multiple topologies that divided into 

two batches non-isolated and isolated topologies. Non- isolated has no transformer output and is 

often used if they have low voltage control. The most common topologies are DC - DC converter in 

PV systems, such as buck and buck-boost converters. The potential of any topology represents in the 

following sections such as boundary filter inductance (Lb), voltage gain (Av), Input impedance (Ri), 

current gain (Ai) [11]. A converter can work in two different ways: continuous conductivity and 

discontinuous conductivity. And among two continuous conductivity is suitable for the solar PV 

application. [12]. The Figure 7 is a two-stage topological diagram of DC - DC boost converter. A DC-

DC boost converter connects and adjusts the output voltage of the photoelectricity and MPPT 

circuitry. An adjustable DC voltage of the PV solar energy is then converted by a DC to AC inverter 

into the desired frequency AC signal. Further, the DC-AC inverter connects the grid network with an 

EMI filter. The connection of this grid network has several functions. This topology is useful when 

the output voltage of solar radiation is less. 

Vg

ID

S R

Io
+ -

D

VL

+

-
C

LIL

Ig

+

-

 

Figure 7. Circuit Diagram of Boost Converter    
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Figure 7-A. operational and non-operational regions of Current- Voltage curve of boost converter 

Performance parameters of the boost converter are indicated in Table 1. The boost converter only 

works with RLoad < RMPP. The operational and non-operational region of current and voltage curve of 

PV are shown in Figure 7-A; The boost converter does not follow the points near open circuit voltage. 

It is possible that the output voltage of the PV solar energy increases or decreases according to 

the environmental conditions. In both cases, electronic converters must control the output voltage. 

For this purpose, a DC-DC converter is used before a full-bridge DC-AC converter. In a buck- boost 

converter, the output voltage is lower or higher than the input voltage. This topology could be 

obtained by cascading a Buck-boost converter. In the Buck-boost converter, the input ampere is 

interrupted [12]. Due to lack of this coordination, there is a ripple and high voltage input power that 

limits switching [11]. Figure 8 shows a two-phase topological scheme with a DC-DC buck- boost PV 

converter. This DC-DC converter can accelerate or reduce the voltage as needed. 
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Figure 8. Circuit Diagram of Buck- Boost Converter 

 

Figure 8-A. operational regions of Current- Voltage curve of buck- boost converter 

Figure 8-A is indicating the operational regions of PV module on current and voltage curve for 

buck- boost converter. The performance parameters of the buck- boost converter is indicated in Table 

[1], in which it’s described that if D is increase then the input impedance is reduce, so that the 
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operating voltage moves in the left side of the current-voltage curve and a decrease in the D and there 

is an increase in the input resistance so that the operating voltage moves to the right of the Current-

Voltage curve. Unlike the boost converter, the buck-boost converter is expected to operate in both 

regions. 

Table 1. Performance Parameter for Dc-Dc Converters 
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Ri = Input impedance of converter; D: duty cycle; f: switching frequency; RL: load impedance; Vr = output 

ripple voltage: V0: output voltage  

5. Dc–Ac Converter 

Expense and execution are two standards important for designing structure. Figure 9 gives an 

overview of the H5 inverter topology operated by the PV array. The topology of the inverters H5 

developed by SMA Technologies has been developed only as a converter connected to the grid for 

decentralized production without galvanic isolation. This topology has good features such as high 

frequency, minimal leakage current and reduced the size. The T1 and T3 switches are operated on 

the fundamental grid frequency, while switches T2 and T4 operate on high frequency. It is an 

amended form of a conventional full-bridge topology that also includes an T5 switch that acts as a 

DC-releasing agent. With the current free run, the T5 switch is open and displace PV from the H 

bridge inverter. Although, loss of conduction may increase if the choice of a semiconductor is not 

perfect [16]. A design scheme for the output filtering structure in the H5 topology of a PV inverter 

and optimizing the switching frequency that uses Sic power devices [17]. This shows the advantage 

of a silicon-based H5 topology in terms of power generation compared to a non-optimized silicon-

based topology. 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 November 2018                   Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 26 November 2018                   doi:10.20944/preprints201811.0593.v1

http://dx.doi.org/10.20944/preprints201811.0593.v1


 

PV

T1

T2 T3

T4

T5

L1

L2

Vgrid

A

B

Cdc

 

Figure 9. H5 Inverter 
A highly efficient and reliable inverter concept (HERIC) has been developed by connecting two 

additional switches in the full bridge converter with the AC outlet side. Each diagonal switch 

operates on a high-frequency switch to the network voltage [13]. Figure 10 represent the connection 

diagram of the HERIC topology. In the HERIC topology, a parallel branch is combined with an output 

filter and offers the benefits of high efficiency and a reduced leakage current [14]. The output voltage 

of three levels with a unipolar PWM output with a low cross filter wave. The efficiency of the inverter 

has dramatically increased, without compromising the overall performance of the system. Since no 

normal voltage is formed, the leakage current due to parasitic capitalization is very small. The HERIC 

topology provides very high conversion efficiency in a large work environment compared to other 

topologies. The use of bidirectional switches changes the frequency of network losses relative to 

another topology. Based on network fault topology and network support services for the PV systems, 

the low-voltage traversal capability of the HERIC is in the study [15]. 
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Figure 10. Heric Inverter 

6. Filter 

A filter comprises of inductance and capacitance that is used in between the inverter and the 

grid. The filter reduces the higher order harmonics introduced by the PWM modulation of the DC - 

AC converter [21]. The LCL filter design has the grid side inductance (Lg) and a capacitance (Cf), It’s 

considered as second order low pass filter, and inverter side inductance (Li).  The ratio of the 

inductance of the grid side and the inductance of the converter side depends on the current 

attenuation of the ripple [22]. 

𝐿𝑖 =
𝑉𝑔

2√6 𝑓𝑠𝐼𝑟𝑖𝑝𝑝𝑙𝑒.𝑝𝑒𝑎𝑘

               (12) 

𝐶𝑓 =
0.05

ω𝑛𝑍𝑏𝑎𝑠𝑒

                              (13) 

𝑍𝑏𝑎𝑠𝑒 =
𝑉2

𝑔𝐿𝐿

𝑃𝑛

                             (14) 
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where Vg is the R.M.S voltage of grid. Phase voltage; fs is the switching frequency of inverter; I 

ripple, peak represents the peak value of ripple current; Pn is the rated power of the inverter; VgLL is 

the grid line of voltage; ωn is the operating frequency. In reference [23] authors recommend a control 

structure based on a proportional resonance (PR) controller connected to the PV through LCL filter 

with zero error in the solid state and the selection of harmonic compensation. 

7. Stability Analysis of The Solar PV 

The modeling system and its stability analysis are an important research area. The modeling of 

the PV solar energy transformation system is a very composite mission for analyzers, because it’s a 

complicated model. As we discuss before, it includes converters of power electronics, PV solar power, 

control algorithm and MPPT techniques. An analyzer has been proposed by several models and 

methods for analyzing stability. Provides simulation and control of a solar PV system, as well as a 

DC- DC boost converter and MPPT incremental conductivity in [18]. The analyzer made a model for 

the state space and offered a third order. A block diagram of a small signal model is represented in 

Figure 11. This control unit in the solar PV contains a two-dimensional diode of polycrystalline cells. 

It doesn’t contain a partial shadow effect. 
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Figure 11. Signal Model Control Block Diagram 

The moderate-boost converter model is included, and the transfer function is derived. D is the 

converter of the duty cycle in this control diagram. The K parameter is the PI controller, so MPPT 

shows an error. 𝜏 is the time constant of the low pass filter used to eliminate the frequency of the 

control signals. The diagram of the boost transfer function is connected to points d and I. 

The states of the system are shown in x1, x2, x3. The y -Φ plot is a unique combination of 

conductivity. The model is tested for changes in the working cycle phase. 

8. Trending of The System 

Research trends are primarily focused on increasing reliability, energy efficiency, the quality of 

power, decreasing costs, grid integration at different levels and contributing to the creation of 

microgrids. There are lots of factors which are important for the future development. Firstly, 

researchers focus on improving the efficiency of solar panels and reducing their costs. Using the new 

material and create multijunction solar cells will lead the future in this field. PV solar converters 

concentrate on optimizing the efficiency of the converter with minimal cost. Reliability, fast tolerance, 

ease of maintenance, low transport costs and installation are also factoring that contribute to the 

development of new topologies for energy saving solar systems. The topologies will be followed by 

the development of solar cells. Some of the multilevel converters are in the market and have shown 

an early development of the PV system, which examines the high-quality output waveforms, reduces 

the size and expense of the filters, as well as profitability. Another factor that significantly increases 

the future of solar energy is the broader development of DC smart grids (SG) and a smart transformer 
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(ST). This trend prevents integration and full use of PV energy and storage elements, saving 

additional power converters and increasing overall efficiency and energy security. 

9. Future cost estimation of PV system: 

Over the past few years, the price of PV modules has decreased significantly. In addition, the 

price of PV inverters also followed a trend like that of PV modules. In accordance with the date of 

the contract and type of application, installation costs are reduced at different rates. Nevertheless, 

prices for several elements of PV systems have not fallen to the same rate. The presentation and fiscal 

research of electronic power devices used in solar PV systems were represented in [19]. A 

comprehensive study describing the current state of development of the use of photoelectric solar 

energy in the world and its untapped potential and growth prospects for the next few years have 

been presented in [20]. Figure 12 shows a rough estimate of the total cost of PV energy systems for 

energy production per kilowatt. The x axis indicates the years, and the y axis represents the cost of 

PV solar systems in USD / kW. It is evaluated that the cost of PV systems in 2050 will be reduced by 

75%. 

 

 

Figure 12. Evolution of Prices of Large PV System 

10. Implementation of hardware 

The proposed Research work is implemented in real time. The actual interface is shown in 

following Figure 13 Energy stored in the battery is fed to the conversion system, where various MPPT 

algorithms are tested for optimum point of operation and fed to the voltage controller. 

The results are displayed on the LED display. One can identify the performance from this. 
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Figure 13. Circuitry of Real Time Hardware Implementation  

11. Conclusions 

The goal of our work has been achieved by giving a detailed description of the research ranges 

for a single-phase solar PV energy conversion system. It presents a detailed study of the components 

of solar PV systems, such as solar cells, PV panels, MPPT and filters. Several types of DC-DC 

converters have been developed to increase the output voltage of solar photoelectric energy. Their 

comparative studies are presented. Various MPPT algorithms are discussed and their advantages 

and complexities are discussed. Stability analysis, which followed the structure of the integrated 

converter module, filter operation and parts of the future research are discussed in all these areas. At 

the end of the article, general characteristics of PV systems, cost estimates and prospects for future 

research in the field of integration of solar energy grid are presented. 
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