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Abstract— To find ways to improve photoelectric effectiveness, the paper concentrates on creating an alternative energy generation system that blends sunlight and raindrop technologies. The effectiveness of conventional solar energy systems is constrained in areas with substantial rainfall or limited sunlight. The suggested mix of technologies incorporates solar panels with rainwater harvesting technology to handle this. To ensure the greatest possible light being absorbed, rainwater is collected and used for cleaning the panels that produce electricity. Furthermore, new piezoelectric components are used to capture the motion energy of raindrops dropping to provide additional electrical power. The effectiveness and viability of the hybrid system are assessed via thorough models and practical testing. The strategy is an encouraging one for environmentally friendly power subsequent ones, especially in regions with unpredictability in the climate, as the outcomes show considerable gains in energy output and reliability of the system.
Keywords—PV Panels, Piezo electric materials, Tribo electric nano generator, Pseudo super capacitor layer.
I. Introduction 

On cloudy days, the efficiency of photovoltaic cells, which are an exciting technology for converting light into power, is drastically diminished. At this point a solar cell and a tribo electric nano generator (TENG) technology are combined to create a resource collecting superstructure that can generate electricity using both daylight and the amount of rain. Through the use of a bilateral electrodes made of a poly(3,4-ethylenedioxythiophene):poly(sulfonamides) (PEDOT:PSS) sheet, a hetero junction consisting of a composed of silicon (Si) photovoltaic cell can be combined with a the operation of TENG displayed The proportion of PEDOT are utilized in photovoltaic cells to boost light scattering, which improves the current that shorts a current density. Embedded a material called poly (PDMS), which functions as a tribo electric product, is paired with a the combination of PEDOT layer, which functions as a the electrode's charge to create a single-electrode-mode water-drop the TENG on the photovoltaic cell. The amount of diluted water falls that come into touch with the induced PDMS increases, considerably improving. 


The added electrical electrodes arrangement of a hybrid energy harvesting system may bring together the benefits of a photovoltaic cells large current rate and a TENG device's high voltage, thereby providing an effective method for gathering energies from the surrounding atmosphere in a variety of environmental circumstances.[image: image19.png]—— Frame
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II. literature survey
Materials Used:

A.Photovoltaic panels:

A cell made from sunlight, also known as a cell that converts sunlight into electricity, is any apparatus that instantly converts the energy of sunlight into alternating current using the mechanism known as the photovoltaic effect. The overwhelming majority of solar cells are made of silicon, which is which can be found in unstructured (noncrystalline), crystalline in structure, and quartz (a single crystalline) shapes, with varying degrees of productiveness and affordability. Photovoltaic cells do not use chemical reactions or require fuel to generate electricity, making them compared to rechargeable batteries or fuel cells that use fuel. They also absence of any components that move, making them different generators that create electricity.

Arrays or lists are big collections of solar power cells that might be put together. Such arrays of elements, which are made up of numbers of separate cells as well as have the capacity to serve centralized energy from electricity plants, transforming daylight into electricity and distributing it to customers in the industrial, commercial, and residential sectors. Solar cells can be found in numerous.In numerous distant geographic regions where conventional electric power sources are either unavailable or prohibitively costly to build, rooftop panels of solar cells are also employed to produce electricity. The majority of space facilities, from communications and weather satellites to space locations, are powered by photovoltaic cells since they don't have components that move that might need maintaining or chemicals that might need to be refilled. However, due to the spread of radiant energy with increasing distance from the Sun, sunshine is inadequate for space missions deployed to the outer planets of the solar system or into interplanetary space. Consumer devices like electrical toys, pocket calculators, and portable radios have all utilized photovoltaic cells. Systems of this type may use lights that are artificial to power the cells with sunlight.[image: image2.png]q)
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Figure: SOLAR PV PANEL

     
The leading connections layer, the network layer the adsorbent layer, the network layer which makes up the structure's centering on and the underneath the center level are the three separate energy-conversion layers below the anti reflection surface. The current that flows through the battery must go through an additional two electrically interface sheets before it can reach an external power source and return back through the cell being used, establishing a wiring system. A well-performing conductor being used, for instance an alloy of metals, makes up the electrical contact layer on the part of the cell face the status of illumination enters, which is frequently found in a particular array arrangement. The segments of the grid are as thin and widely separated as they can be significantly affecting the ability to receive the electric current generated by the battery cell since metallic material absorbs sunlight. The back electrical contact layer doesn't have any limits that are so radically rejected.

The gadget, being paper-thin barely 10-mm lengthy, was made by depositing thin layers of the element selenium (Se), a cheap, electron-deficient p-type substance that is capable of absorbing inside natural light, and ZnMgO, an electron-rich n-type piezoelectric substance[1].

B.Piezioelectric materials:


A fresh forms of energy development is the primary focus of the latest investigations into energy. Future renewable energy sources are now being sought after. Piezoelectric materials are being studied in increasing numbers as a result of their respective  odd properties and distinct characteristics.

Most current energy research is concentrated on developing fresh sources of energy. Upcoming alternatives to energy from renewable resources are already being sought after. Piezoelectric materials are being researched in increasing numbers since they have their odd nature and distinctive and fascinating properties.
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                      Figure: Piezoelectric Layers




The marketplace offers a variety of photovoltaic varieties, including mono crystalline cells, poly crystalline cells, cadmium titanium and others as well. However, due to their effectiveness and effectiveness, the mono crystalline variety and poly crystalline have both been in usage. In this study, everything of the construction is built on poly crystalline solely since it has an effectiveness between the 12 and 16% instead of mono crystalline's  8 to 13%.    


The primary focus of the current work is on modeling solar PV cells using various types of materials to evaluate the mechanism's performance quantitatively. Curve control approach is then applied to the model to determine its true applicability. The paper is structured as follows: the subsequent section discusses the computational modeling of solar cells, the third part depicts the conditions for work and the results, and the fourth and final portion provides a comparison of the methods[2].
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             Figure: Various types of PV or solar panel

C. Tribo electric nano generator


TENG is based on the tribo electric effect, which is the static electricity created wherever two distinct materials come into contact and subsequently different from each other. When two substances contact, electrons in order move from one substance to one of them due to differences in their electron preferences. When two elements are distinguished from one another, one becomes charged by electricity while the other becomes in reverse charged, an electric potential difference is produced that can be used to generate energy.
Conducting sheet and a tribo electric layer make up the TENG's conventional two-layer structure. The tribo electric layer is made up of two different substances that have differing electron affinities. The tribo electric effect causes the charge to move and separate when certain substances are in touch and rub across one another as a result of physical movements (such as pressing, friction, and twisting).The electrode surface is used to gather the created ions and establish a circuit for electricity. It is often constructed of conductive materials, such as metallic substances.
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Figure: Operation and modes of TENG 


In this case, the vertical contact-separation mode is used for a thorough explanation ( as shown in Figure 1b ). There is no charge in the first posture ( see Figure 1bI). Because varying substances' substrates have differing capacities for adsorbing electrons, which are frictional charges will be produced on the surface that is in contact when the two opposite sides of such materials come into connection (refer to Figure 1bII). The voltage difference that results from the separation of two opposing surfaces will cause electrons to flow from the bottom electrode to the top electrode (Figure 1bIII). The electric charge will stabilize until the two sides have fully separated to their initial positions ( Refer to Figure 1bIV). The electrically charged particles travel from the top electrode to the bottom electrodes across the burden once more when the two sides are in immediate proximity to one another shown in (Figure 1bV)[3].

D. Pseudo Super Capacitor Layer:


An energy-storing system that consists of the characteristics of a this kind of capacitor and the substance the material graphene is known as a pseudo capacitor with a graphene coating. The two-dimensional shapes strip of molecules of carbon known as graphene is renowned for its outstanding conductivity of electricity and large extent of surface.The charge and discharge processes in a pseudo capacitor may be carried out quickly and effectively when graphene is utilized as the electrode for the device material. In contrast to conventional capacitors that store energy the pseudo capacitor can give greater numbers of electrons because it stores electricity through quick outer layer reaction processes called re-dox. 
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Figure: Pseudo Super capacitor cell

A outstanding performance storage system for energy suited for a variety of uses, particularly mobile devices and electric cars, where immediate power transfer is essential, is produced by the combination of graphene conductivity and pseudo capacitive behavior. 


A battery and an electric double layer capacitance are combined to create a pseudo-capacitor. Additionally, it has a couple of electrodes that are divided by an electrolyte. Both chemically and electrically processes are used to store in charge[4].  

Three Mediums of Psuedo Capacitance's are

1. ) Under-potential testimony: This anomaly occurs when particles accumulate at potentials lower than their reversible decreasing potential on the two-layered metal electrolyte interface. such as H+ on Pt and Pd2+ on Au. The energy thickness is constrained because despite the large capacitance (2200 F cm2) and small potential window (0.3-0.6 V) seen through this peculiarity.

2. ) Red-ox pseudo capacitance: This is the most well-known phenomenon in pseudo-capacitors, when faradize reactions take place on the outside of the dynamic material to which potential is being applied. (For instance, conductive polymers, metal oxides like RuO2). Reversible microelectronic adsorption is a good way to describe this cycle. Utilizing the surface red-ox-dynamic couple, a capacitance of 5000 F cm3 can be achieved.

3. )Inter calation pseudo capacitance: In contrast to the traditional battery-type inter collation chemistry (e.g., Nb2O5, nano sized LTO, V2O5), inter calation pseudo capacitance is produced by the red-ox-active inter calation chemistry of electrode materials. Lithium-ion batteries and inter calation chemistry share a lot of fundamental similarities. Along with the inter calation phenomenon, the contribution from surface red-ox pseudo capacitance and electrostatic pseudo capacitance is also seen in this process. In comparison to EDLCs, this entails a broader potential window, which results in higher energy density[5].
[image: image7]

INCLUDEPICTURE \d "https://www.researchgate.net/publication/335901984/figure/fig2/AS:804656586436608@1568856488543/Different-types-of-reversible-redox-mechanisms-that-give-rise-to-pseudocapacitance-a.png" \* MERGEFORMATINET [image: image8]

INCLUDEPICTURE \d "https://www.researchgate.net/publication/335901984/figure/fig2/AS:804656586436608@1568856488543/Different-types-of-reversible-redox-mechanisms-that-give-rise-to-pseudocapacitance-a.png" \* MERGEFORMATINET [image: image9]

INCLUDEPICTURE \d "https://www.researchgate.net/publication/335901984/figure/fig2/AS:804656586436608@1568856488543/Different-types-of-reversible-redox-mechanisms-that-give-rise-to-pseudocapacitance-a.png" \* MERGEFORMATINET [image: image10]

INCLUDEPICTURE \d "https://www.researchgate.net/publication/335901984/figure/fig2/AS:804656586436608@1568856488543/Different-types-of-reversible-redox-mechanisms-that-give-rise-to-pseudocapacitance-a.png" \* MERGEFORMATINET [image: image11]
[image: image12.jpg]a) Underpotential

Au + xPb?* + 2xe" > Au-xPb,q|

Current Collector

Deposition

Cpes i
& &
°
°
°

b) Redox
Pseudocapacitance

RUO,(OH),+6H"+ 6e* € RO, 5(OH),..

" & Hydrous grain >
G e

c) Intercalation
Pseudocapacitance

Nb,0, + xLi* + xe' € Li;Nb,0s

Insertion host  Li*in
material  electrolyte





Figure: An overview of Pseudo capacitance [5]

Flowchart ---- 1:
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Solar  PV Panels
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--- Flowchart of PV System---

Explanation of Flowchart 1:

1. Solar Photovoltaic (PV) Module:

                 Using the photovoltaic principle, solar PV cells are in charge of collecting daylight and transforming it into DC (Direct Current) energy for electrical use. Every single solar cell in the solar cells is made of a silicon-based material, which when exposed to sunlight produces an electrical charge.

2. Power Conditioning & Inverter:

An inverting device and power conditioning component are used to convert the DC electrical energy generated by the solar panels. To provide a reliable the result, conditioning the electricity entails controlling and softening the voltage of the alternating current (AC). The DC energy that is generated is subsequently transformed by the power converter into AC (Alternating Current) electrical energy, which is the common form to produce electricity used for the majority of household appliances and communications with the grid.

3. Electrical Load: 

The electrical component demand is subsequently given access to the inverter's AC generator for electricity. Whatever electrical machines, systems, or utilities that use the produced electrical energy are referred to as the load of energy. These might comprise, throughout other things, household appliances, lights, electronics, and heavy-duty machinery.     

The rooftop solar panel array makes it possible to generate renewable energy that is environmentally friendly by using the sun's energy to create electrical power for a variety of uses. It's important to keep in mind that more significant solar generation systems may integrate extra parts like energy storage systems (batteries) or grid-tie inverters to handle electricity collection or link to the power supply for sending out surplus power. An overview of the procedure of converting daylight into electrical current may be seen in the representation listed above.                

Depending on the technology utilized, photovoltaic cells had varying degrees of performance. Efficiency levels for conventional silicon-based photovoltaic cells ranged from 15% to 20%. The efficiency ratings associated with more sophisticated photovoltaic innovations, especially multi-junction or simultaneous photovoltaic cells, reached greater than forty percent in lab conditions, nonetheless.

Flowchart ----2:
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--- Flowchart of dewdroplets system ---

Explanation of Flowchart 2:

1. Mechanical Energy Supply:

           The technique of capturing the kinetic energy begins with a mechanical energy source, such as human motion (such as stepping or trembling), machinery noises and vibrations or any additional kind of motion that generates the energy known as kinetic energy.

2. Kinetic Energy (Transducer): 

A transducer, as the name implies, is a device that collects mechanically energy known as kinetic energy given an input and transforms this into alternative kind of electricity, usually electrically powered power.

3. Electrical Generator: 

          Utilizing a generator that produces electricity, the detector transforms the motion energy it has captured into power for the generator. In accordance with the specific use, the source of power could be any number of tools, including electromagnetic generators, piezoelectric materials, or tribo

 electric nano generators (TENG).

4. Electrical Power Conversion & Storage:

The generator's electricity produced frequently takes shape in the form of low-voltage direct current, or DC, or AC (which alternates current). Electrical components may be required in order to convert it to the correct energy or frequency range, and in some circumstances, more electricity is stored in banks or cells for usage afterwards.

5. Electrical Load: 

             The electricity that is generated is utilized for powering electrical appliances or structures, which is referred to as what is known as the electrical load. Based on the use of the electricity collecting structure, this source of load might pertain to any electricity implementation, including technological devices, sensors, communication devices, or different electrically powered applications.

It's important to keep in mind that a kinetic energy gathering method's construction and functionality may change based on the particular application and specifications. To maximize capturing energy effectiveness and operational efficiency, more complex systems may include extra parts like energy conditioning circuits, power management systems, or detectors. An overview of the procedure for collecting electrical energy can be seen in the representation mentioned above.
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Conclusion:

As a result, the combination of combination sunshine and raindrop technologies to produce electricity from photovoltaic cells is a promising direction for  sustainable energy solutions.
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 This hybrid system, which combines the advantages of solar panels and energy-harvesting raindrops, can increase the effectiveness of energy production, particularly in areas with erratic weather patterns. It is a valuable addition to the renewable energy landscape since it allows for the exploitation of numerous renewable sources, which results in a more dependable and regular power supply. To properly evaluate the viability, scalability, and long-term potential of this avant-garde strategy, however, additional study, technology development, and field testing are required. With continuing work and funding, this mixture of technologies may significantly contribute to lowering greenhouse gas emissions and promoting an environmentally conscious future.

Applications:

1. Hybrid energy systems: Raindrop-generated electricity         could be integrated into hybrid energy systems, which combine solar and raindrop-generated power to produce a more steady and predictable energy supply.

2. Increased efficiency: By catching raindrop energy, solar     panels could provide more electricity during wet conditions, supplementing the energy generated by sunshine.

3. Sustainable power in rainy regions: This technique could   be especially useful in areas where there is a lot of rain, as conventional solar panels may lose effectiveness on overcast or wet days.
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