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ARTICLE INFO ABSTRACT
Keywords: Coated silver nanoparticles (Ag NPs) are currently receiving interest because of their numerous
Green synthesis uses in various fields of electronics, antimicrobials, manufacturing sectors, optical science, and

Silver nanoparticles
Coating
Solar panel

pharmaceuticals. Among others, it gained significant attention in the power electronic system.
The goal of the proposed study is to use a cost-effective coating material for solar panels; to
accomplish this, silver nanoparticles were synthesized from the leaves of the Rosy Periwinkle
plants. Green synthesis and characterization, such as Ultraviolet Visible Spectrometer (UV-Vis)
analysis, Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDX), and
Fourier Transform Infrared Spectroscopy (FTIR), were carried out after the silver nanoparticles
have been collected prior coating. As a consequence, the effectiveness is determined based on the
conductivity test, and the resulting Ag NPs are then applied to the c-si layer of the solar panel.
Additionally, a modelling and experimental analysis are performed in this study to ascertain the
suggested framework’s ability to measure energy before and after coating panels with Ag NPs.
Specifically, the Voltage Current (VI) and Power Voltage (PV) characteristics were validated in
this study for analyzing the effectiveness and the obtained results revealed that the coating of
green synthesized Ag NPs generated 2 % more power than the reference solar panel under the
same conditions. Further, hardware testing and simulation were both used to confirm the out-
comes and effectiveness of the suggested method. The open circuit voltage (Vo), short circuit
current (Is), maximum peak voltage (Vp), maximum peak current (Irnp), and efficiency are taken
into account when assessing how well the suggested system performs at tracking. Moreover, the
current density characteristics were evaluated with respect to various irradiation conditions for
both the typical solar as well as Ag NPs coated panels. From the observation, it is noted that the
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efficiency level of coated panel was improved up to 19.20 %, 18 %, and 17.20 % for the irra-
diations of 200 W/m?, 500 W/m?, and 1000 W/m? respectively.

1. Introduction

Acid rain and global warming are two severe issues that are brought on by traditional energy sources that produce energy by
burning of fossil fuels. Therefore, green and renewable energy technologies have drawn mounting interest over the recent times. Since
the sun is the only every day energy source that can be effectively used for the production of electricity, increasing the efficiency of
solar panels has drawn the attention of many researchers. However, due to the diffraction at the air/glass contact and the buildup of
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Fig. 1. Synthesis of nano-particles.
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dust on the solar modules, a considerable portion of the resulting solar energy is being thrown away. Therefore, versatile thin sheets or
coatings are now being used to improve the surface morphology and attributes of the solar panel materials in an effort to increase the
energy transmittance, self-cleaning, and anti-reflection capabilities of the coated solar panels. Solar panel coatings have been made
using a variety of materials and techniques, including surfaces that are superhydrophobic, super hydrophilic, and photoactive.
Therefore, the solar panels must be coated with functional materials in order to improve the photo voltaic (PV) array performance.

Recently there is a mounting interest among the researchers on nanoparticles (NPs) because of their high ratio of surface to volume
[1,2]. Silver nanoparticles (Ag NPs) can be synthesized in a variety of methods, including biologically, chemically, and organically.
Since silver holds wide-spectrum of antibacterial properties, it has been used as medicine for more than 2000 years [3-6]. Silver
exhibits inhibitory activity against microbes in a variety of ways. Silver-based products are inexpensive and less likely to lead to the
development of antibiotic resistance [7-9]. Typically, the different types of sources such as plants, bacteria, fungi, and bio-polymers
are used for the synthesis of silver nanoparticles, in which the functional components of several plant extract constituents interact
electrostatically with Ag + [10]. Among others, the silver nano-particles are very essential, due to their chemical and bio-logical
parameters. The hazardous chemicals used during synthesis results in unfavorable residues. Hence, there is a growing demand for
developing sustainable methods for green synthesis of NPs. As a result, the research of green synthesis of Ag-NPs is progressing as a
crucial area of nanotechnology, where using biological substances including plant extracts or microbes [11], or both to produce NPs
could replace physical and chemical reactions in an ecologically sustainable manner. The manufacturing cost of solar panel persists to
be too high when contrasted to the energy generated by fossil fuels, despite excellent research in traditional silicon and flexible
film-based solar energy cells in the field of electronics, science and medicine [12]. Two basic methodologies can be used to group the
endeavors that have been done in recent decades. The first one was made possible by employing wafers of silicon or films that had been
deposited thinner. The other method involves creating alternative solar cells at minimal cost while maintaining a high level of overall
performance.

Bouafia et al. [13] investigated about the synthesis, properties and applications of Ag NPs, with its bottom-up and top-down ap-
proaches. The synthesis of nano particles is represented below in Fig. 1. Moreover, the study indicates that among other synthesis
approaches, the green synthesis from plant extract is one of the most effective methods, because it has less biosecurity risks. Different
reaction parameters, such as solvent and humidity are important in green synthesis techniques that rely on biological reducing
substances.

Poudel et al. [14] conducted a critical review to investigate the potential applications of Ag NPs with the green synthesis methods.
The physio chemical characteristics of green synthesized Ag NPs are unique and size-dependent. Additionally, they display optical
characteristics such as Surface-Enhanced Raman scattering (SERS), extensive visible and far-infrared light absorption, and a reduction
in optical spectrum during surface plasma dissemination. Additionally, these particles exhibit good catalytic and biological properties,
high electric and thermal conductivity, and substantial responsiveness. Castillo et al. [15] investigated some of the green synthesis
methods for extracting the gold and silver nano particles. The initial step in separating plant metabolites from the basic materials is to
use extraction technologies. Since these factors affect the quality of an extract, several fundamental criteria must be taken into account
when conducting an extraction process.

Singh et al. [16] implemented a nano-particle based anti-reflection mechanism for coating solar panels with better performance.
The main purpose of this work is to effectively minimize the reflection loss of surface with the use of anti-reflection coating mechanism.
Similarly, Chugh et al. [17] conducted a detailed investigation on the different types of factors used for nano-particle synthesis. The
study revealed that the biological method is one of the most preferable and suitable models for synthesis. Tabrizi et al. [18] utilized a
plasmonic Ag NPs for coating solar cells in order to improve efficiency. Moreover, the authors investigated the effect of incorporation
of plasmonic nano-structures on the harvesting of light in the active layer. They found that the light absorption property was highly
improved by performing coupling between the plasmonic and photonic modes. Ye et al. [19] developed a new electrospun
nano-fibrous membrane structure, for ultra-violet distillation. In this work, the silver particles are integrated with the nano-fibrous
membranes with the use of electrospinning technique. Shashanka et al. [20] coated ZnO nano-particles on the solar cells to investi-
gate the dye-sensitized parameters such as efficiency, fill factor, current density, short circuit and open circuit voltage. In addition, the
structural evaluation, microscopy analysis, and optical characterization analysis have been performed to assess the outcomes of the
suggested synthesis model.

From the literature review it is clear that there are several similar works on the green synthesis of Ag NPs, however, the usage of the

Table 1

Different types of plant leaves used for obtaining silver nano-particles.
Name of the Plant Size (nm) Shape Properties Ref
Skimmialaureola 40 Spherical Antibacterial Property [28]
Mimusopselengi 55-83 Spherical Antibacterial Properties against multi-drug resistant clinical isolates [29]
Polyalthia longifolia 10-40 Spherical In vitro antifungal activity against phytopathogen [30]1
Hibiscus sabdariffa 28 Spherical Effective Cytotoxicity [31]
Persicaria hydropiper 32-77 Oval Catalytic activity against multidrug-resistant bacteria [32]
Ocimum sanctum 10-50 Spherical Bactericidal activity [33]
Zataria Multiflora 30 Pentagonal Apoptosis in Hela Cells [34]
Allium cepa 33 Spherical Effective anti-bacterial activity [35]
Catharanihus roseus 35-55 Spherical Larvicidal effect [36]
Rosy Periwinkle 35-55 Spherical Larvicidal effect Current Study
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abundantly available Rosy Periwinkle as a precursor for the synthesis of Ag NPs haven’t been explored till date. Furthermore, all the
above-mentioned research works were related to the synthesis of NPs targeting various biological applications such as anti-bacterial,
anti-fungal and cytotoxicity etc. Whereas, the novelty of the present work lies in the applicability on the solar panels. The unique
characteristics of the proposed method are simple to implement, cost effective, and ensured efficiency.

2. Materials and methods
2.1. Materials

Several plant leaves were used for the synthesis of Ag NPs. Table 1 shows the various plant sources used for the synthesis of Ag NPs
compared with Rosy Periwinkle leaves. To carry out the research work leaves of the Rosy Periwinkle plant were collected from a garden

in Srivilliputhur, Tamil Nadu, India. Silver Nitrate (AgNO3) was supplied by Sigma Aldrich, Mumbai. Ethanol was procured from
Ganapathy Scientific Equipment, Srivilliputhur.

2.2. Methods

2.2.1. Synthesis of Ag NPs
Fig. 2 shows the methodology adopted in this research work. The methodology involves the collection of Rosy Periwinkle leaves and
the extract is obtained from the leaves. To make plant leaf extracts for testing, 15 g of dried leaves were sliced in to small pieces and

Fig. 2. Methodology adopted in the research work.
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were cleaned using deionized water. The cleaned leaves were then dried and immersed in a conical vessel containing ethanol. The
mixture was continuously stirred using a magnetic stirrer and heated up to 80 °C for 30 min before being filtered with the use of filter
paper. Then, the necessary amount (4.2 g) of diluted AgNO3 solution was added to 9 ml of the leaf extracts. The combination was now
allowed to remain at ambient temperature overnight so that the ethanol solution gets evaporated and the Ag NPs are separated. Within
30 min of being combined with the silver ion complex solution, the leaf extract began to transform from brown to a dark brown color.
The distinctive color fluctuation may be caused by the outermost plasmon resonance being excited in metal NPs, which is a sign that Ag
NPs have formed. The surface plasmon resonance (SPR), which is directly tied to these particles’ intriguing optical characteristics and
which is greatly influenced by the shape of the samples, plays an important role in SPR. The schematic of the synthesis of Ag NPs from
Rosy Periwinkle plant is depicted in Fig. 3.

2.2.2. Characterization

The synthesized Ag NPs were characterized by the following techniques. The UV-visible spectra were measured using a Shimadzu
UV-Vis Spectrometer (UV-1800). The morphology of the Ag NPs was analyzed using a Scanning Electron Microscope (EVO18, CARL
ZEISS) at a magnification of 50 K and an accelerated voltage of 20 kV. The FTIR spectra of the Ag NPs was recorded using a Fourier
Transform Infrared Spectrophotometer (IR Tracer 100) in the wavelength ranging from 500 to 4000 cm ™' under the reflection mode.
The X-ray diffractograms of the Ag NPs are recorded in the range of 10 ° to 80 ° with the scan rate of 4 % using an X-ray diffractometer
(D8 Advance ECO). The conductance was been measured using a conductivity meter (Systronics, Model 306) having standard of 0.01
NKcl. Then, the proper coating is performed in the layers of solar panel for maximum current extraction. Finally, both the simulation
and real time analysis are carried out to assess the IV and PV characteristics of the solar panel. To evaluate the performance through
simulation a MATLAB software tool was used to simulate the effects of coatings in solar panel. A Flash tester model (Sun Eye Series
720) was used to evaluate the effectiveness and performance of solar panels. By exposing the panels to a short burst of light that mimics
sunshine, it analyses the electrical properties of the panels. Important factors including the panel’s maximum power output, open-
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Fig. 3. Synthesis of Ag NPs from Rosy Periwinkle plant leaves.
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circuit voltage, short-circuit current, and overall efficiency are all determined by this test.

2.2.3. Coating of Ag NPs on the solar panels

The Ag NPs are coated on the layer of the solar panel as shown in Fig. 4. In this study, the solar cell is fabricated with the use of c-Si,
where a 5 nm thin coating of SiO5 serves as a dielectric spacer between the single, spherical Ag NPs with a diameter of around 10 nm
that make up the computational space and c-silicon layer. The Ag NPs were coated on the silicon semiconducting solar panels with a
thickness of 300 pm using thick monocrystalline polished wafers. Using the screen-printing method, the Ag NPs was shielded on the
glassy surface of the solar panels. The solar panels have been doped with Ag NPs ions, enhancing the characteristic features of the solar
panels. It is to be noted that the concentration of the silver doping is directly proportional to the efficiency and accuracy of the solar
panel. Investigation of the surface plasmon resonance of the Ag NPs using UV-visible spectroscopy was carried out in this work. It is to
be noted that the spatial restriction of the near-field distribution happens when the posterior region of the nanoparticles receives very
little energy. The plasmonic dissemination of the p-n junction solar cell arrangement with silver nanoparticles is shown in Fig. 4.
Electrodes in the cell independently capture holes and electrons in a standard form of solar cell with a p-n junction. An increase in
sunlight scattering is observed when the absorbing layer reflects and scatters plasmons, which results in a higher yield of the sunlight
interaction inside the absorbing layer. To complete the cell arrangement with precise approximation, the restricted excitation of
plasmons and the polaritons of surface the plasmons will aid in providing excitons. Moreover, the Ag nanoparticles ingrained silicon
solar cells perform much better due to lower silicon substrates absorption and higher layer sunlight absorption. For validation and
assessment, the IV and PV characteristics before and after panel coating are evaluated during simulation analysis and experimentation.

3. Results and discussion
3.1. Ultraviolet-visible spectrometer analysis

Fig. 5 shows the UV-Vis spectrum of Ag NPs obtained from the Rosy Periwinkle leaf extract. An absorption peak was observed at
around 408 nm in the UV-visible spectrum of the solution. Like silver, the conduction and valence bands of metal nanoparticles are
very close together, allowing electrons to move through them freely. Due to the mutual vibration of the electrons in the metal
nanoparticles in resonance with a light wave, these free electrons produce a surface plasmon resonance (SPR) absorption band. The
appearance of the peaks revealed the properties of Ag NPs surface plasmon resonance. Biosynthesized Ag NPs exhibit a broad spectrum
because of their size and shape, resulting in an absorption peak SPR in the visible range at 408 nm.
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Fig. 4. Coating of Ag NPs on the solar panel.
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Fig. 5. UV-Vis spectra of Ag NPs.

3.2. Scanning electron microscope and Energy Dispersive X-ray spectroscopy

Using a scanning electron microscope, the surface morphology of the Ag NPs was examined. The shape of the Ag NPs was mostly
found to be in spherical shape as seen in Fig. 6. Further few particles were found to agglomerated in to larger particles with unclear
morphology. This aggregation could be brought on by the presence of later metabolites in the leaf extracts. The formation of Ag NPs
was confirmed by an EDX spectra. The elemental profile of the Ag NPs is shown in Fig. 7. EDX was also used to identify the composition
of the elements in the nanoparticles. The silver particles are homogenously presented in the synthesized nano-material, and we have
tested it for multiple areas. For instance, the sample obtained results for area 1 and area 2 are given in Table 2 (a) and (b). Moreover,
the findings indicate that nearly 71 % silver particles are presented in the material we taken for study.

The silver content of the synthesized product was well purified and had a significant amount of silver, as shown by the EDX
mapping, which revealed that 71 % of the nanoparticles contained silver, and remaining 29 % are oxygen and carbon. Weak signals
from oxygen and a strong, sharp signal in the 3-5 kev range indicate the presence of silver in the sample. The proteins, enzymes, and
saccharides in the Rosy Periwinkle leaf extract generated weak oxygen signals.

3.3. Fourier transform infrared analysis (FTIR)

FTIR measurements were conducted to identify the functional groups present in Rosy Periwinkle leaf extract responsible for
reducing Ag ions [21]. The reduction and capping of Ag NPs were accomplished by biomolecules found in the leaf extract. FTIR
spectrum of prepared Ag NPs is shown in Fig. 8. The stretching band at 3431 cm ™! corresponds to O-H vibration. Two characteristic
stretching bands at 2734 and 2355 cm-1 arise from O-H stretch from carboxylic acids [22,23]. Two peaks at 1636 and 1514 cm !
correspond to C=C stretching vibrations from aromatic rings, all from plant metabolites. The stretching band at 1757 cm™! could be
assigned to C=O0 stretching of lactones, ketones, or carboxylic anhydrides. Other vibrations at 1514 and 1267 cm ™ are attributed to
C=C of the aromatic ring and G-O groups stretching in phenol, ester, and ether, respectively. The peak at 1379 cm ! corresponds to
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WO =10.0mm Mag= 5000 KX

Fig. 6. Morphology of the Ag NPs.
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Fig. 7. Energy Dispersive X-Ray (EDX) spectrum of synthesized Ag NPs.

Table 2
(a) — Testing analysis for area 1.
Element Weight (%) Atomic (%) Error (%) K ratio
CK 19.2 39.7 6.0 0.1501
OK 31.5 49 12 0.0497
AgL 49.3 11.4 3.4 0.4293
(b) - Testing analysis for area 2
Element Weight (%) Atomic (%) Error (%) Kratio
CK 28.4 72.8 11.6 0.0446
OK 71.6 27.2 2.2 0.6615
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Fig. 8. FTIR spectra of synthesized Ag NPs.

the C-N stretching of the aromatic amine group. The peak at 790 cm ™ is attributed to aromatic groups. Ag NPs synthesized using Rosy
Periwinkle leaf extract also contained a variety of functional groups, such as alkene, amine, and carboxylic acids. Most of these
functional groups belong to major chemical groups classes; they have been shown to act as reducing agents in the synthesis of Ag NPs.

3.4. X-ray power diffusion analysis

Rosy Periwinkle leaf extract, Ag NPs were further demonstrated and confirmed by XRD analysis Fig. 9. In XRD analysis, the intensity
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is estimated with respect to different angles, where it is observed that the peaks are identified at 38.120, 44.310, 64.410, and 77.46°.
The XRD patterns revealed that Ag NPs are reflected in the 26 on 38.12°, 44.31°, 64.41°, and 77.46% which correspond to the (111),
(200), (220), and (311) Bragg reflections of the sample and which ensures that Ag NPs have crystalline structure. The bio synthesized
Ag NPs, which is face-centered cubic (fcc) structure having JCPDS standard No. 87-3722. As a result, XRD patterns revealed that the
Ag NPs formed by the lowering of Ag + ions by AgNOs in the extract of the Rosy Periwinkle leaf.

It is concluded that the UV-visible spectrum of the solution containing Ag NPs showed an absorption peak at 408 nm. Ag NPs were
shaped by the lowering of Ag + ions by AgNOs in the extract of the Rose Periwinkle leaf, as shown by the XRD patterns. By using
biomolecules that were identified in the FTIR spectrum of the leaf extract, Ag NPs were reduced and capping was achieved. Under
Scanning Electron Microscope (SEM), the shape of the Ag NPs was mostly count to be in spherical shape and few particles were found
to agglomerated in to larger particles with unclear morphology. Silver was present, as shown by the produced Ag NPs EDX pattern.
Overall, a variety of characterization approaches were used to examine the environmentally friendly and less harmful manufactured
product. As a result, Ag NPs were used as a coating for solar panels to increase efficiency.

3.5. Conductivity testing

The green synthesis process has advanced solar cell conductance in prevalent aspects. Ag NPs exhibited color changes because of
the excitation of surface plasmon vibration within the particles. In this research work, the Rosy Periwinkle plant leaves are used to get
the extract for producing Ag NPs in order to coat the solar panel, and this type of coating helps to increase the electrical conductivity
due to photoelectric effect because of the presence of silver in solar panel. In order to determine the performance of the proposed
model, the conductivity test is carried out in this work. During this analysis, the electric conductivity is validated for analyzing the
presence of silver particles. The findings indicate that the conductivity of the solar panel has been determined as 0.300 ms/cm and the
resistance of the solar is 3.33 Q for conductance (G).

3.6. VI and PV characteristics analysis

In this study, the performance of the proposed green synthesis method is validated and tested according to the current density
characteristics. As shown in Fig. 10, the parameter such as Vo, Isc, Vinp, Imp and efficiency are validated and tested under changing
irradiation conditions such as 1000 W/m?, 500 W/m?, and 200 W/m?. Also, the suggested parameters are estimated for before and
after panel coating with Ag NPs. At 1000 W/m? irradiance for a 3 W panel, Voc = 10.8 V, I;c = 0.391 A, Vi, and Iy are 9.72 V and
0.391 A at this instant, efficiency will be 17.20 % for a coated solar panel when compared to non-coated panel efficiency will be 14.77
%. In addition to that, the irradiance level of 500 W/m?2, and 200 W/m? efficiency will be increased from 15.42 % to 18 % and 16.76 %
to 19.20 %. Table 2 demonstrates the various parameter variances and concludes the perfect radiance level for both coated and non-
coated solar panels. The results indicate that the overall performance of the coated solar panel has been greatly improved, when
compared to the typical solar panel (see Table 3).

This simulation setup of the silver-coated solar panel has simulated different kinds of load values. Figs. 11 and 12 reveals the VI and
PV characteristics of 1000 W/m? irradiation. Typically, the power tracking efficiency of the solar panel has been determined according
to the VI and PV characteristics. For this analysis, these parameters are estimated for both the coated and non-coated panels. The
obtained results reveal that the current and power both are highly improved for the coated panel, when comparing it to the non-coated
panel. Due to an effective coating with Ag NPs, the overall power tracking efficiency of the coated panel is increased with better VI and
PV characteristics. The comparison graph illuminates that the performance of Ag NPs coated solar panels was better than the non-
coated solar panel in 1000w/m?>.

w665 38120

Intensity (a.u)

b A0

10 20 30 40 50 60 70 80
Angle (26)

Fig. 9. X-ray diffractogram of the synthesized Ag NPs.
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Table 3
Performance characteristics of Ag NPs coated and non-coated solar panels by simulation.
S. No Irradiance level (W/m?) Ag NPs-coated solar Panel Typical solar Panel
Voe Ise Vinp Imp Efficiency (n) Voc Ise Vinp Imp Efficiency (n)
1. 1000 10.8 0.391 9.72 0.391 17.20 10.8 0.383 9.72 0.383 14.77
2. 500 10.8 0.1955 10.152 0.195 18.00 10.8 0.1915 10.152 0.191 15.42
3. 200 10.8 0.0782 10.368 0.0781 19.20 10.8 0.077 10.368 0.0765 16.76
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Fig. 11. VI characteristics of 1000 W/m? irradiation.
3.7. Experimental analysis

In this study, the experimental analysis is also carried out by testing the proposed model with the use of flash testers. Here, the
output performance and conformity of the proposed scheme is validated and measured with the use of flash test machine, which is also
known sun simulator. For this assessment, the evaluation parameters are validated with respect to different test conditions, in which
the temperature, output voltage, and maximum power are the most crucial parameters used to analyze the system efficacy. The
experimentation of the solar panel has correlated with the Ag NPs coating and non-coating solar panels. As shown in Table 4 and
Fig. 13, the performance of the non-coated and coated solar panels with Ag NPs are validated and compared based on the parameters of
Voe, Isc, Vmp, Ivp, and efficiency under changing irradiations.

A solar panel Maximum Power Point (MPP) is positioned near the bend in the VI characteristics curve. The corresponding values of
Vmp and I, can be estimated from coated and non-coated solar panels of 3 W. The efficiency of a coated solar panel was 14 % whereas
the efficiency of a non-coated panel was 11.8 % at 1000 W/m2 irradiance for a 3 W panel, Vo = 10.8 V, Iyc = 0.391 A, Vi, and I are
9V and 0.342 A at this moment. The increase in percentage of efficiency was 2.2 %. In addition to that, the irradiance level of 500 W/

10
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Fig. 12. PV characteristics of 1000 W/m? irradiation.

Table 4
Performance characteristics of Ag NPs coated and non-coated solar panels under a real-time environment.
S.No Irradiance level (W/m?) Ag NPs-coated solar Panel Typical solar Panel
Voe Isc Vinp Imp Efficiency (n) Voe Isc Vinp Imp Efficiency (n)
1. 1000 10.8 0.391 9 0.342 14 10.8 0.383 9 0.333 11.8
2. 500 10.8 0.1924 10.052 0.191 14.8 10.8 0.1902 10.052 0.190 12.45
3. 200 10.8 0.0764 10.35 0.074 16.1 10.8 0.071 10.32 0.0745 13.79
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Fig. 13. Current density characteristics under real-time environment.

m?, and 200 W/m? efficiency was increased from 12.45 % to 14.8 % and 13.79 %-16.1 %. The performance factors like efficiency were
improved by the current density characteristics in a real-time environment. From the overall simulation as well as experimental results,
it is analyzed that the performance outcomes of the coated solar panel are effectively improved in both assessments. Moreover, an
effective green synthesis and characterization analyses support to get an increased efficiency, when comparing it to the non-coated
solar panel.

The comparison graph of the solar panel has been computed in Fig. 14. The comparison graph of the coated and non-coated solar
panels enlightens the performance of coated solar panel over the non-coated solar panel. When the maximum power voltage (Vi) of
the solar panel is 10.36 V, the maximum power current (I,p) is 765 pA (before Ag NPs coating), and the maximum power current (I )
is 780 pA (after Ag NPs coating). The P-V characteristics curve of a solar panel before and after being coated with Ag NPs is shown in
Fig. 15. While the maximum power voltage (Vi) of the solar panel is 10.36 V, the maximum power (Pp;) is 0.6 W (before Ag NPs
coating), and the maximum power (Pp,p) is 0.82 W (after Ag NPs coating).

4. Conclusions

This paper implemented an effective green synthesis method for coating solar panels with the use of Ag NPs. The proposed study
makes a novel contribution by coating the solar panels with Ag NPs using Rosy Periwinkle plant leaves. This helps to significantly
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Fig. 15. PV characteristics of the coated and non-coated solar panel under experimental conditions.

increase in current characteristics with low-cost consumption. For this, Rosy Periwinkle plant leaves were gathered from the sur-
rounding region of the study area, and its extract was obtained to generate Ag NPs. After this green synthesis, the characterization
studies such as UV-Vis,SEM, EDX, FTIR, XRD, conductivity test and current density characteristics were carried out for an effective
solar panel coating. Then, the panel is coated with the extracted Ag NPs on the c-si layer, which helps to improve the maximum
tracking efficiency. Here, both the simulation study and experiment analysis are conducted for determining the overall solar panel
efficiency before and after coating with Ag NPs. For simulation study, the MATLAB/Simulink tool is used to examine the VI and PV
characteristics of the solar panel under changing irradiation conditions. For experimentation, the flash tester is used to test the solar
panel efficiency under different irradiation condition. Moreover, the parameters such as Vo, Isc, Vinp, Imp, and efficiency were validated
and compared for both simulation and experimental analysis. According to the findings, it is determined that the coated solar panels
with the Ag NPs provides improved performance results in terms of efficiency, and MPP. The results indicate that the efficiency was
increased from 12.45 % to 14.8 % and 13.79 %-16.1 % under varying irradiance level of 500 W/m?, and 200 W/m?. By using the
proper characterization and green synthesis operations, the overall efficiency of the solar panel coating method was improved. When
comparing it to the non-coated panel. Since, a proper green synthesis, Ag NPs extraction, and characterization were the major reasons
for an effective solar panel coating.

In future, the proposed work can be enhanced further by implementing this solar panel for smart-grid application system. Also, we
have planned to use this PV panel for satisfying the energy demand of smart-grid systems with the advanced converter and controlling
models.
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