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Abstract 

In the power electronic system, coated solar panels attracted a lot of interest in present times. The proposed work 

aims to achieve two key objectives: maximal power extraction and solar panel coating. To reduce the cost of 

coating material for solar panels, Silver Nano Particles (AgNPs) are first collected from the leaves of Rose 

periwinkle plants. This strategy aims to achieve maximal power extraction by coating solar panels with green 

synthesized silver nanoparticles. To reduce the cost of coating material, Rosy periwinkle plant leaves are used 

to synthesize silver nanoparticles or AgNPs. To ascertain the framework's capacity for measuring energy both 

before and after the panels are coated with AgNP, this study theoretically analyses the data. The power current 

and voltage-current characteristics of the study were validated, enabling an examination of the study's 

effectiveness. The coated type outperformed the normal solar panel by 2%, according to the results. With a new 

approach called Farmland Fertility Optimization – Maximum Power Position Tracking, the precise peak site for 

increased energy yield is discovered. The bi-directional converter is also utilized to mitigate stress and increase 

voltage gain. To improve the power quality with fewer harmonics, the 3-phase inverter and the LC filtering 

circuits are used. Finally, a variety of performance measures are used to confirm the results of coated solar panels 

using power-tracking control techniques. The findings suggest that AgNP-coated solar panels provide the best 

possible electrical energy with improved voltage, current, and power quality. Performance evaluation shows that 

the coated solar panel's power tracking efficiency has increased to 99% with decreased harmonics of 2.52%. 

 

Keywords: Farmland fertility optimization, Grid system, Maximum power point, Nanomaterials, Photovoltaics, 

Solar panel coating 

 

1 Introduction 

 

A field of study called nanotechnology or nanoscience 

focuses on the chemical composition of nanoparticles. 

A collection of atoms or molecules of various 

materials that have a size equal to one billionth of a 

meter are put together to create nanoparticles [1]–[3]. 

Metallic nanoparticles are one of these nanostructured 

particles, and they are being studied extensively for 

usage in technological devices, fabrics, gauges, and 

nanomedicine. The most frequently used metal 

nanoparticles in a variety of fields, including 

biomedicine, are nano-sized particles of silver and 

gold. The science of nanotechnology [4] is expanding 

quickly and involves the development of new 

materials. Many methods, such as chemical, physical, 

and biological processes, are used for generating 

nanoparticles. In place of chemical synthesis, the 

biosynthetic methodology has gained popularity as a 

result of its simplicity of use, low toxicity, and safe 
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handling. A variety of biological systems, including 

microbial, fungal, and extracts from plants, have been 

applied to create nanomaterials [5]–[7]. Because of the 

way that their particle size enhances medicine stability 

and therapeutic efficacy, researchers have been 

studying nanoparticles, especially in the scientific, 

medical, and therapeutic delivery sectors. Various 

biological applications have been influenced by the 

distinctive properties of silver nanoparticles (AgNPs), 

which vary based on their size, shape, and charged 

surface. Moreover, AgNPs are recognized for their 

heightened antibacterial properties against a variety of 

infectious microorganisms, including infectious 

agents, fungi, microbial organisms, and plants [8], [9]. 

There are several methods for producing AgNPs, 

including chemical, biological, and organic methods. 

Since more than 2000 years ago, silver has been 

employed in medicine due to its broad-spectrum 

antimicrobial characteristics. The detrimental activity 

of silver against microorganisms manifests in multiple 

ways. Products made using silver have a lower cost 

and are less prone to cause antibiotic resistance [10]. 

The production of silver nanoparticles often involves 

the utilization of several sources, including bacteria, 

fungi, plants, and biopolymers. In this process, the 

functional aspects of various plant extract elements 

interact electronically with Ag+. Nonetheless, the 

usage of AgNPs is severely constrained by their quick 

oxidation properties as well as their dependence on the 

surface charge of the supporting medium for stability 

[11]. AgNPs have thus been added to nanocomposites 

to improve resilience and address constraints about 

fast deterioration. It is important to remember that the 

synthesis processes play a major role in determining 

the dimension, shape, electrical conductivity, and 

compatibility of AgNPs for certain applications. 

The hourly variations in the solar azimuth angle 

cause natural variations in the intensity of solar 

radiation throughout the day. On sunny days, the 

horizon will be lower than the sun even on the 

cloudiest days [12]–[14]. The PV panel's ability to 

create energy varies based on its resistive load, which 

reduces the generation of electricity even while the 

panel's irradiance and temperature remain the same. It 

is difficult to locate and compute the Maximum Power 

Point (MPP) [15] for a given load value because of 

temperature changes and irradiance variations that 

occur during the day. A method for determining the 

exact location of MPP to optimize the quantity of 

energy that can be harvested from the solar cells is the 

Maximum electricity Point Tracking (MPPT) 

methodology. Several intelligence-based MPPT 

controlling systems [16], [17] have been created in the 

past to extract the maximum energy from PV panels. 

Still, it suffers from poor convergence rates, large time 

costs, and inefficient computations [18], [19]. 

Therefore, the goal of the present study is to formulate 

a novel and economical system for coating solar 

energy systems using plant leaf-extracted silver 

nanoparticles [20]. In our previous work [4], the 

AgNPs extraction and solar panel coating processes 

are all performed with improved cost efficiency. As a 

continuation, in this work, we have used the coated 

panel to satisfy the electrical energy demand of low-

scale grid applications. Also, the coated panel can be 

used to obtain the electrical energy from the solar with 

the MPPT controlling and converter circuit models. 

The main objectives of this paper are that a AgNP  

based coating methodology has been used to 

effectively coat the solar panels at low cost, The 

current characteristics of the coated solar panel have 

been validated and tested using different parameters 

such as VOC, ISC, VMP, IMP, and efficiency, The 

Farmland Fertility Optimization (FFO) algorithm has 

been utilized to track the available electrical energy 

under various irradiations and determine the 

maximum peak point for getting increased energy 

production, In addition, a bi-directional converter is 

employed to increase voltage gain while lowering 

switching stress, To reduce the number of harmonics 

at the grid side, the 3-phase inverter and LC filtering 

circuit models are also utilized. 

This section examines some of the most recent 

literature approaches for coating solar panels, 

discussing each model's issues and difficulties with its 

voltage and current characteristics. Tabrizi et al. [21] 

developed a silicon thin film integrated with AgNPs 

for solar cells. This configuration aims to let light enter 

the cell from any direction with the least amount of 

absorption and reflection within the 300–1100 nm 

spectral range. The researchers took into account the 

impacts of scattering between silicon substrates and 

various other substances when calculating several 

significant performance measures of a solar cell, 

including short-circuit current, open-circuit voltage, 

fill factor and photoelectric efficiency. Lee et al. [9] 

conducted a comprehensive literature on the synthesis 

and modeling of AgNPs. The primary goal of the 

researchers' research is to outline the molecular, 

substance, and biological synthesis pathways for 

AgNPs as well as their distinct physiological and 

chemical characteristics. Additionally, they talk about 
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the complex chemical pathways that underlie their 

optoelectronic property, possible cellular/microbial 

cytotoxicity, and plasmonic features on mono- and 

bimetallic structures. Rahul et al. [22] intended to 

improve the solar panel efficiency with the use of 

double integral sliding mode control. To overcome the 

shortage of steady-state error voltage in the least 

amount of time for the system to settle, the double 

integral sliding mode control technique is devised and 

demonstrated in this article. Through the adoption of 

an efficient dynamic sliding switching mechanism, 

this process raises the switching duty cycle ratio and 

optimizes solar panel efficiency in situations where 

there is partial shadowing. Hussein et al. [23] provided 

a detailed overview of the NPs with the different types 

of synthesis models. It includes both the top-down and 

bottom-up approaches such as mechanical milling, 

sputtering, electro-spinning, laser ablation, chemical 

vapor decomposition, hydro-thermal methods, and 

sol-gel method. Pryshchepa et al. [24] investigated the 

different types of synthesis models, techniques, and 

characteristics for obtaining AgNPs. A full 

understanding of AgNPs' properties about synthesis 

methods and exploitation circumstances is necessary 

for their successful application. Additionally, this 

work proved the physicochemical and biological 

features of AgNPs. It was demonstrated that the basic 

properties of AgNPs, such as size, shape, and chemical 

composition, influence their features. Vankudoth et al. 

[25] conducted a comprehensive study of green 

synthesis and characterization models to extract the 

silver nanoparticles from plant leaves. The purpose of 

this study is to extract the AgNPs from the leaves with 

proper characterization and synthesis operations, 

which include XRD, SEM, FTIR, and EDX.  

He et al. [26] investigated the anti-viral properties 

of AgNPs for an effective surface coating. The 

majority of reports have been made concerning the 

virucidal effects of AgNPs. As a result, researchers 

looked at the protection and virucidal effects of ten 

distinct sorts of AgNPs with varying-sized particles 

and surface alterations. Jeevanandam et al. [27] examined 

and demonstrated different synthesis methods for 

making AgNPs and nanocomposites, offering 

scientific perspectives on methods for choosing ways 

to make antiviral AgNPs. The assessment of silver 

nanoparticles' potential as an antiviral agent and their 

antiviral mechanism in different AgNP formulations 

are also covered in this study. 

According to the review of the literature, 

numerous green synthesis models have been developed 

in the past for the extraction of AgNPs, serving a range 

of purposes. However, prior research on the 

sustainable synthesis of AgNPs for solar panel coating 

remained scarce. Given that one of the sought and 

significant areas of research in electronic application 

systems is the deployment of cost-effective panel 

coating. To extract AgNPs from plant extracts for 

panel coating, a new, cost-effective green synthesis 

paradigm is what the suggested work seeks to 

establish. 

The remaining portions of this paper are 

segregated into the following sections: Section 2 gives 

the complete explanation for the proposed panel 

coating and power extraction models along with the 

circuit models. Section 3 validates the simulation 

results of the proposed work by using voltage, current, 

time, and other parameters. Finally, the paper 

summary is provided along with the findings, results, 

and future scope in Section 4.  

 

2 Materials and Methods  

 

This section includes a detailed explanation 

concerning the intended work, a suitable block 

diagram, and illustrations. The original contribution of 

this paper is to develop an effective coating 

methodology for solar panels and to use the coated 

panel for maximum electrical energy production. The 

effective coating of solar panels with silver 

nanoparticles derived from pink periwinkle plant 

leaves is the main contribution of this research. This 

research work's unique contribution is to maximize the 

energy output of solar panels by an economical 

coating process using AgNPs that are derived from 

plant leaves. Additionally, it helps to maximize the 

current produced by highly tracking-efficient solar 

cells. Also, the coated solar panel has been used to 

extract the possible electrical energy. In addition, the 

bi-directional converter topology is also used to 

improve the PV output with reduced loss and 

switching stress. In this study, the simulation is 

conducted with the available rosy periwinkle plants in 

the study region, and the AgNPs coated panel has been 

further used to yield maximum electricity with the use 

of an MPPT controlling model. 

 

2.1 Silver extraction, synthesis and coating 

 

Silver metal ion solution and a reducing biological 

agent are essential for the sustainable synthesis of 

silver nanoparticles. The simplest and least expensive 
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way to produce silver nanoparticles is to decrease and 

stabilize silver ions by the fusion of biomolecules, 

such as proteins, amino acids, supplements, alkaloid 

substances, and phenolics. In general, chemical 

extracts are made from several plant species' leaves. In 

this study, silver nanoparticles for solar panel coating 

are extracted from the leaves of the rosy periwinkle 

plant. Because of its significant medicinal content, the 

rosy periwinkle is immediately distinguishable from 

other plants and lowers the bacterial and fungal 

composition. In order to obtain silver nanoparticles for 

the demanded work, it is precisely chosen and 

employed. The plants with leaves used in this case 

study were gathered from the nearby area in 

Srivilliputtur. Furthermore, ethanol solution was 

acquired by Ganapathy Scientific Equipment, located 

in Srivilliputtur, India. AgNO3 is made by Sigma 

Aldrich Pvt ltd in Mumbai, India. The proposed study 

approach differs from the current one in that AgNPs 

are obtained by the usage of readily available rosy 

periwinkle flowers. Furthermore, the proposed 

model's distinct features include guaranteed 

efficiency, affordability, and ease of implementation. 

In earlier studies, various plant species have been used 

to extract AgNPs; however, these methods presented 

challenges related to plant collecting, high costs, and 

longer processing times. Therefore, the goal of the 

proposed work is to extract AgNPs at a minimal cost 

from the leaves of a widely available plant. The 

nanoparticles can be identified by using their optical 

properties in a colloidal form, which are determined 

by their size, shape, and number as well as their 

collection state and refractive index at the surface. 

These features make UV-Vis spectroscopy an 

essential preliminary method for colloidal 

characterization and testing. Before panel coating, the 

following procedures are carried out to make an 

accurate characterization, Analysis using an 

ultraviolet visible spectrometer, Energy dispersive X-

ray spectroscopy and scanning electron microscopy, 

Infrared analysis using Fourier transform, Power 

diffraction of X-rays, Test for conductivity, 

Characteristics study of IV and PV. 

Following an examination of the attributes, the 

solar panel's layer is covered with silver nanoparticles. 

The limited plasmon excitation and the polaritons of 

the surface plasmons will help provide excitons to 

finish the cell configuration with accurate 

approximation. Furthermore, because Ag 

nanoparticles ingrain silicon solar cells absorb 

sunlight at higher layers and absorb less silicon 

substrate, the cells perform significantly better. 

Simulation analysis and testing are used to analyze the 

IV and PV properties before and following panel 

coating for validation and assessment. 

 

2.2 Silver extraction, synthesis and coating 

 

PV systems are commonly used to convert solar 

energy into electrical power by collecting photons of 

light and releasing electron charges. A PV panel is 

made up of several PV cells linked in parallel and 

series to produce the desired output power [28], [29].  

Usually, the most important step in optimizing power 

tracking efficiency is the coating of solar panels. In 

this work, the primary power source for tracking the 

greatest amount of solar-generated electrical energy is 

the solar panels covered with AgNPs. Given its 

sustainability, the power produced by a photovoltaic 

system is one of the most dependable natural energy 

resources. The solar panel modeling Equations (1)–(6) 

are given below  
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Where, Ipv indicates PV current, Iph is the photo 

absorption current, ID represents the diode current, ISH 

indicates the solar shunt current, G indicates the 

irradiance, Gr is the reference irradiance, Isc,Ref is the 

short circuit current, Ksc indicates the cell temperature 

coefficient, T is the temperature, I0,Ref denotes the 

reverse saturation current with reference, Voc indicates 

the open circuit voltage, Rs is the series resistance, τ is 

the ideality factor, B is the band gap, c is the charge of 

an electron, and Rp is the parallel resistance. The 

circuit modeling of the PV panel is shown in Figure 1. 
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Figure 1: PV panel circuit model. 

 

2.3 Farmland Fertility Optimization (FFO) 

 

In this work, maximizing the amount of electricity 

harvested from the PV panels is essential to achieve 

the best potential degree of efficiency. The most recent 

method, called Farmland Fertility Optimization 

(FFO), has been used to model the PV panel and then 

locate the maximum peak point for recording the 

maximum amount of electrical energy that can be 

extracted from the panels. Many meta-heuristic 

methods [30]–[32] have been established for MPPT 

controlling in the literature. The goal of this work is to 

use a novel and distinctive optimization approach for 

tracking the maximum power output from coated solar 

panels. The suggested FFO-MPPT technique offers 

several advantages over traditional algorithms, 

including strong optimization outcomes, high 

efficiency, the ability to avoid local optimum 

problems, and ease of implementation. The FF 

algorithm mimics farmer behavior while distributing 

various fertilizers to farmland that have different soil 

quality, hence solving the optimization problem 

effectively. This algorithm compares the soil quality 

to the individual's fitness value and the land's 

fertilization plan to that of an individual. The most 

appropriate fertilization plan is determined for the 

property with the lowest soil quality, while a random 

fertilization plan is determined for the other land. 

Farmland's soil quality might be substantially raised 

by making periodic changes to the fertilization 

schedule. This algorithm comprises the following 

stages: Population initialization, Farmland 

segregation, identifying the region having poor soil 

quality, Memory updating, Soil optimization, and Soil 

fusion. The temperature, irradiance, and duty cycle of 

the PV cells are the input parameters in this FFO-

MPPT controlling system, and the output is the MPP, 

which is used to extract electrical energy from the 

solar panel. In terms of convergence reliability, 

stability, and quickness, the FFO is a revolutionary 

bio-inspired meta-heuristic method that outperforms 

many popular meta-heuristic methods. Additionally, it 

finds the optimal value with the fewest iterations and 

lowest time complexity for the given problem. Owing 

to these advantages, the suggested works employ this 

method to extract the most electrical power possible 

from the coated solar panels. 

 

2.4 Bidirectional DC-DC converter 

 

In this instance, a bi-directional DC-DC converter is 

used to charge the storage devices, and the grid system 

can receive increased power [32]–[34]. Figure 2 

displays the suggested bidirectional converter's circuit 

diagram. Three switching devices S1, S2, and S3, three 

capacitors C1, C2, and C3, and two inductors L1 and 

L2 are included in the design of this converter to 

significantly increase the power going to the load. Due 

to its transformer less circuit design and smaller 

circuitry model, this converter generates a lower 

power loss. Both the charging and discharging 

durations of the inductive and capacitor components 

have a significant impact on how well this converter 

operates. Here, modes 0 and 1 can be used to operate 

the analogous circuit of a bidirectional converter. In 

addition, the way that the switching elements transmit 

current allows for an identification of the operating 

modes of toggles. Moreover, this converter has two 

modes of operation, such as mode 0 and mode 1 as 

represented in Figure 3(a) and (b), respectively. The 

voltage and current flow during mode 0 are computed 

as represented in the following Equations (7)–(10): 

 

RSPVL VVV 1                                                            (7) 

 

12 CPVL VVV                                                              (8) 

 

RSPVCC IIII  31
                                                    (9) 
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Where, L1 and L2 are the inductors, C1, C2, C3 are 

the capacitors, RS is the series resistance, Vpv is the PV 

voltage, IC1 is the capacitor current, and RL is the 

resistive load. During mode 1, the voltage and current 

are estimated as represented in the following 

Equations (11)–(13): 

 

211 LCPVL VVVV                                                 (11) 
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The grid system receives the AC power supply 

from the PV at the inverter phase. As a consequence, 

the most appropriate combination of capacitive and 

inductive rates in the filter is used to transform discrete 

voltage samples into AC power through the LC 

filtering method.  

 

 
Figure 2: Bi-directional converter. 

 

 
(a) Converter operating mode 0 

 
(b) Converter operating mode 1 

 

Figure 3: Converter mode of operations. 

By cycling the switching devices faster and 

producing higher frequency pulses, this kind of device 

circuit lowered the harmonics in the output power. 

This ends up resulting in the activation of the 

switching pairs and the output of isolated AC power. 

Here, the discrete waveform's harmonics are filtered 

out using a combination of L and C filtering 

procedures, resulting in clean AC power at the point 

of output. Table 1 presents the switching states of the 

converter, where a comprehensive overview of how 

the converter's switches transition between ON and 

OFF states over specific time intervals is provided. 

 

Table 1: Switching states of converter. 
States S1 S2 S3 Output Voltage 

1 0 0 1 Vdc 
2 0 1 0 2Vdc 

3 1 0 0 3Vdc 

 

3 Result and Discussion 

 

Several performance measures are used in this part to 

validate the simulation results of the proposed 

methodology. This study's primary goal is to coat solar 

panels efficiently using AgNPs for optimal power 

tracking. The Rosy Periwinkle plant leaves are used to 

extract the chemical extract needed for this purpose, 

and layer coating is then carried out using the 

appropriate green synthesis and characterization 

procedures. In the proposed work, we are using the 

Rosy Periwinkle plant leaves for extracting AgNPs, 

since it is adequately available in our study area at a 

low cost. Also, the coated solar panels with AgNPs are 

used here to extract the maximum possible electricity 

from the panels, hence the power is effectively 

improved with low-cost consumption [35], [36]. This 

study deals with simulation testing to validate the 

outcomes and effectiveness of the proposed strategy. 

Additionally, factors including efficiency, VOC, ISC, 

VMP, IMP, and VMP are taken into account when 

assessing how well the suggested system tracks. 

Moreover, the coated panel has been used to yield the 

maximum electrical energy from the solar. To 

improve the power tracking performance and amount 

of electricity, the FFO-MPPT controlling technique 

has been used in this work. Consequently, the bi-

directional converter is also implemented to improve 

the output voltage and power fed to the grid system. 

For examining the results of power tracking, a 50W 

solar panel has been used in this study, and the 

simulation parameters are given in Table 2. 
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Table 2: Simulation parameter setting. 
Parameters Specification 

Solar Panel 50 W 
Open circuit voltage Voc 21 V 

Short circuit current Isc 5.8 A 

Series resistance Rs 0.45Ω 
Parallel resistance Rp 310Ω 

Temperature T 298 K 

Maximum voltage V 18V 
Maximum current I 5.3 A 

 
Figure 4:  UV spectra of the deposited AgNPs. 

 
Figure 5: Synthesized AgNPs' XRD pattern. 

 
Figure 6: Synthesized AgNPs' Fourier Infrared (FTIR) 

Spectral Analysis. 

 

 By using Rosy Periwinkle leaf extract and UV-

vis spectrophotometers, the AgNPs' UV-vis spectrum 

is analyzed as shown in Figure 4. Similar to silver, 

metal nanoparticles have extremely tight conductance 

and valence structures that permit unrestricted 

electron mobility. These unbound electrons create a 

surface plasmon resonance (SPR) absorption band 

while the electrons in the metal nanoparticles vibrate 

together in resonance with a light wave [37]. The 

characteristics of AgNP's surface plasmon resonance 

are rendered visible by the peaks' appearance. The 

UV-visible spectra of the AgNP-containing solution 

revealed an absorption peak illustrated in Figure 5. 

The XRD patterns demonstrated that AgNPs were 

formed by AgNO3's reduction of Ag+ ions in the Rose 

Periwinkle leaf extract. AgNPs have been decreased 

and encapsulation was accomplished by employing 

biomolecules found in the leaf extract's FTIR spectra. 

Scanning electron microscopy (SEM) revealed many 

aggregates and single hexagonal AgNPs in the 

generated AgNPs. The EDX pattern of the generated 

AgNPs indicated the presence of silver. Overall, the 

manufactured product that is less damaging and more 

sustainable has been examined using a range of 

characterization methodologies. AgNPs are thus 

sprayed on solar panels as a coating to boost their 

efficiency. 

As shown in Figure 6, Aromatic groups have 

been accountable for the peak at 790 cm–1. AgNPs 

made with Rosy Periwinkle leaf extract also included 

amine, carboxylic acid, and alkene functional groups, 

among others. It has been demonstrated that the 

majority of these functional groups, which are 

members of important chemical group classes, work 

as reducing agents during the production of AgNPs. 

Moreover, the IV and PV characteristics of coated and 

non-coated panels are validated and compared as 

shown in Figures 7 and 8, respectively. Generally, the 

PV and IV characteristics have been used to calculate 

the solar panel's power-tracking efficiency. These 

parameters are estimated for the coated and non-

coated panels in this investigation. When comparing 

the coated panel with the non-coated panel, the 

obtained results show that both the power and the 

current are significantly improved. The coated panel 

exhibits improved IV and PV characteristics and an 

overall increase in power tracking efficiency due to 

the effective use of AgNPs. The comparison graph 

shows that the AgNPs-coated solar panels perform 

better than the uncoated ones. 

Thick mono-crystalline polished wafers have 

been used to conceal the silver extract on silicon 

semiconducting solar cells with a 300 µm thickness. 

The produced solution has protected the glassy surface 

of the solar cells with the use of the screen-printing 

technique. The solar panel used in this study has been 

doped with AgNP ions to improve its distinguishing 
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characteristics. The efficiency and accuracy of the 

solar panel are closely correlated with the 

concentration of silver doping. 

The voltage gain of the bi-directional converter 

used in this investigation, wherein the measured and 

computed voltages are estimated about the duty cycle, 

is validated in Figure 9. By using the bi-directional 

converter, the voltage gain is significantly improved 

to 99%. The most important factor in determining the 

DC-DC converter's overall efficiency is the voltage 

gain. The results show that the suggested system's bi-

directional converter model might significantly 

increase the voltage gain by up to 90%. 
 

 
Figure 7: IV characteristics for coated and non-coated 

panels. 
 

 
Figure 8:  PV characteristics for coated and non-coated 

panels. 
 

 
Figure 9:  Voltage gain of converter. 

 
Figure 10:  Converter efficiency.  

 

.  

Figure 11:  Voltage stress analysis among the existing 

and proposed converters. 

 

As a result, as illustrated in Figure 10, the 

converter's efficiency is also verified by changing input 

power. It is clear from the data that the bi-directional 

converter's efficiency has also increased to 96%. 

As shown in Figure 10, the efficiency of the 

converter is validated for the coated and uncoated 

panels, where the green-colored line indicates the 

uncoated panel and blue denotes the coated panel. 

According to the outcomes, it is observed that the 

efficiency of the coated panel with a bi-directional 

converter is increased to 96% when compared to the 

non-coated panel. with alternative converter 

topologies. The comparative assessment leads to the 

conclusion that, in comparison to other converters, the 

bi-directional converter model employed in the 

proposed study could significantly lower the voltage 

stress. Based on the analysis, it has been concluded 

that the suggested converter offers better voltage gain 

and conversion efficiency while causing less stress. 

Furthermore, the VOC, ISC, VMP, IMP, and 

efficiency for the AgNP-coated and non-coated solar 

panels are validated in Figure 11. The result demonstrates 

that, in comparison to the non-coated panel, the coated 

panel's performance and efficiency have significantly 
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increased. Moreover, the comparison among coated 

and non-coated panels provided in Table 3 is 

significantly improved, when compared to other 

irradiation conditions. The amount of solar energy per 

unit area that strikes a solar panel, or the irradiance 

level, does affect the panel’s efficiency.  Intuitively, 

more efficiency would be suggested by higher 

irradiance since it suggests that more energy is as 

shown in Figure 12, the performance of coated and 

non-coated solar panels is Validated based on 

accessibility for conversion into electricity. It is not 

frequently obvious how efficiency and irradiance 

relate to one another, though. There's When the 

irradiance value is 1000 W/m2, the values of 

efficiency, power, and voltage above this threshold, an 

increase in irradiance may not result in a 

corresponding rise in efficiency.

 

 

Figure 12: Performance analysis of non-coated solar panel. 

 

Table 3: Simulation results of various irradiance for coated and non-coated solar panels. 

 

Rather, it could lead to other variables that 

diminish efficiency. According to the findings, the 

efficiency, power, and voltage of the solar panels are 

higher at an irradiance level of 1000 W/m2 than they 

are at other irradiance levels. This might be caused by 

some of the factors: 

Effects of temperature: High irradiance levels 

may raise panel temperatures, which may lower 

efficiency. In general, mild temperatures are ideal for 

solar panel performance. The temperature may be 

greater than ideal at 1000 W/m2, which would result 

in a drop in efficiency. Incompatibility losses: When 

solar panel and electrical load mismatch at very high 

irradiation levels, total efficiency might be reduced. 

Material characteristics: At high irradiation 

levels, some materials used in solar panels may show 

non-linear behavior, which can cause efficiency to 

plateau or even drop below a specific point [38], [39]. 

Shadow and shade: As irradiance levels rise, 

shadowing and shading effects may become more 

noticeable. This may decrease the solar panel's overall 

efficiency by lowering the effective area exposed to 

sunlight. 

The Total Harmonic Distortion (THD) of the 

suggested PV-Grid system is used to assess its power 

quality performance, as illustrated in Figure 13. Here, 

the THD value before and after coating solar panels is 

illustrated Suppressing the degree of noise at the grid 

side is crucial since harmonics in the output power 

typically have the potential to lower the system's 

overall power quality. The suggested design uses the 

inverter and LC filtering components for this reason, 

greatly decreasing the impacts of harmonics by 

lowering them to a level of 2.52% at the grid side. 

When compared to the THD value before coating, the 

THD value is effectively suppressed with the use of 

solar panels after coating. The harmonic distortion that 
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occurs in the electrical signal when it interacts with the 

uncoated surfaces or components is reflected in the 

THD measurement that was made before coating. 

Greater distortion is indicated by higher THD values, 

which imply that the signal departs from a pure 

sinusoidal waveform more. Impedance mismatches, 

electromagnetic interference shielding, and 

nonlinearity mitigation are just a few of the many 

changes the coating may have on the electrical 

characteristics of the surfaces. The coating ought to 

maximally aid in reducing THD, producing a signal 

that is cleaner and has fewer harmonic distortions. 

 

 
Figure 13: THD analysis before and after coating. 

 

4 Conclusions 

 

The innovative contribution of this work is to develop 

an effective solar panel coating method and apply it to 

maximize electrical energy production. The effective 

coating of solar panels with silver nanoparticles made 

from pink periwinkle plant leaves is the main 

contribution of this work. The primary goal of this 

research is to maximize the energy output of solar 

panels using a low-cost coating method that uses 

plant-derived AgNPs. Additionally, it helps to 

maximize the current produced by solar cells with 

exceptionally high tracking efficiency. Furthermore, 

the covered solar panel has been used to extract 

potential electrical energy. Additionally, by employing 

the bi-directional converter architecture, the PV output 

is enhanced with less loss and switching stress. Using 

an MPPT controlling model, the AgNPs coated panel 

has been further utilized in this work to produce the 

maximum amount of electricity. The study region's 

readily available rosy periwinkle plants are used for 

the simulation. AgNP extraction, solar panel coating, 

power extraction, and voltage boosting are the key 

phases of the suggested system. To satisfy the demands 

of the grid system, coated solar panels are used to 

create as much electricity as feasible. Here, the precise 

peak location for higher energy yield is determined 

using the novel FFO–MPPT regulating approach. 

Additionally, this study uses the bi-directional 

converter to boost voltage gain and reduce stress. To 

further enhance power quality with fewer harmonics, 

LC filtering circuits, and a 3-phase inverter are 

employed. Using a range of performance criteria, the 

outcomes of coated solar panels are ultimately 

confirmed and contrasted using power-tracking 

controlling methods. The comprehensive results 

indicate that solar panels coated with AgNP offer 

optimal electrical energy and higher voltage. The 

application of the 3-phase inverter and LC filtering 

circuits improves the grid-side power quality 

performance by up to 2.52% in terms of reduced 

harmonics. By developing novel controlling algorithms 

for grid-PV systems that harvest PV electricity, the 

current work can be enhanced in the future. 
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