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Abstract- By adding the concept of thermoelectric cooling and Fuzzy Logic Maximum Power Point Tracking (MPPT) together with a cooling system, this paper proposes a new methodological approach toward maximizing PV-based power systems. High temperatures especially in areas where the intensity of the irradiation is very high can reduce the output of solar panels. The proposed system: Perturb and Observe (P&O) or Incremental Conductance The traditional approaches to maximum power point tracking (MPPT) as Perturb and Observe (P&O) or Incremental Conductance simply cannot effectively find and maintain optimal power point operation even ballistically with changing weather conditions, and the traditional cooling schemes may not be able to allow it to do so. To ensure that the operating level of the panel stays within an optimal temperature range to reduce thermal degradation and maximize power generation, a thermoelectric cooling system is used. This two mode method of energy harvesting has been demonstrated to enhance the whole effectiveness of the system as it makes it possible to respond climax to irradiance variations and temperature now. It offers a good alternative to bolster the stability and strength farm of solar photovoltaic systems in alternate climates. In the light of the current demand of renewable energy, this piece of work illuminates new and friendlier innovations of how the solar power can be advanced to satisfy the demand.
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INTRODUCTION
One promising method of producing power is the use of photosynthetic (PV) cells. One of the main renewable energy sources that has been growing annually around the world is this abundant and pervasive resource. One major problem with solar photovoltaic (PV) generation systems is that, particularly in low irradiation conditions, the conversion efficiency of electric power production is very low—anywhere from 12% in standard units to 42.8% in highly specialized configurations. Another issue is that the amount of electric power that solar arrays produce can be affected by a number of external factors, such as temperature, age, load conditions, and isolation levels (incident solar radiation).
The most common method for maximizing the power output of solar modules is to link them to a maximum-power-point tracker (MPPT), which is a DC/DC converter. Due to the quick temporal fluctuations in solar irradiation, the maximum power point is constantly shifting to other curves. Therefore, the MPPT controller should allow the quickest possible attainment of the Maximum Power Point (MPP) in order to avoid power fluctuations and minimize system power loss. In the context of photovoltaic (PV) systems, MPPT has been researched at length. Among the several strategies that have been suggested, one that should be prioritized is the use of intelligent systems to track the Maximum Power Point (MPP). Methods like perturb and observe (P&O), incremental conductance (IncCond), and hill climbing (HC) have been supplemented or replaced by a new breed of tracking algorithms. 
Fuzzy logic controller (FLC) models have proven to be incredibly valuable in the implementation of maximum power point (MPP) seeking in both linear and non-linear systems due to its heuristic nature, simplicity, and effectiveness. As a result, there have been a number of studies and applications that integrate FLC with Maximum Power Point (MPP) tracking. 
As an example, Godoy demonstrated the superior performance of the fuzzy-based Maximum Power Point Tracking (MPPT) system under various environmental operating situations after integrating fuzzy logic control with MPPT. In addition, the authors record the experimental results of the fuzzy tracker, which demonstrated that the Maximum Power Point Tracking (MPPT) method outperformed the conventional method by more than eight times in terms of tracking speed when employing the P&O technique.

In addition, our findings show that a photovoltaic system using the suggested controller can achieve a power efficiency of about 85%. For PV generating systems that are connected to the grid, an MPPT controller was also given as an example of this type of controller. Fuzzy logic control proved to be an excellent tool for increasing grid power extraction. Despite the beneficial results, all of the works share a flaw in the FLC design: they relied on trial and error rather than a methodical approach. 
In contrast, this conventional design typically isn't fast or optimized without the specialised knowledge that is necessary for it. To get over this limitation, they should employ the Genetic Algorithms (GAs) tool to optimize the Fourier Transform (FLC) of their Maximum Power Point (MPP) tracker. In the Federated Learning Community (FLC) that had a rule-base, genetic algorithms (GAs) were used to determine the base lengths and peak positions of the membership functions.
One way to make solar panels more efficient is to use active cooling and other high-tech thermal management techniques in conjunction with complex control systems like fuzzy logic. Solar photovoltaic (PV) systems have a reputation for efficiently converting sunlight into green energy, but they face a major challenge while operating at higher temperatures: a decrease in efficiency. Sunlight hits solar panels, but only a small percentage of that energy gets converted into electricity. 
The others escape in the form of heat therefore heating up the panels. Mostly this rise in temperature reduces the performance of the system and with increased degree Celsius, the efficiency reduces by about 0.5 percent. A combination of the active cooling device and the control system of fuzzy logic are among the techniques that have been established to enhance the performance of solar panels.
II. CONTROL BY FUZZY LOGIC SYSTEMS.
Fuzzy logic is a mechanism of the artificial intelligence (AI) control which is designed to mimic human judgement. To add a more liberal and flexible control, fuzzy logic uses degrees of truth instead of the binary logic systems true or false (1 or 0) of traditional binary logic. It is exceptionally beneficial to solar panels and other analogous frameworks that are exceedingly vulnerable to a myriad of certain climatic and operational limitations that are significantly predictable, such as irradiance, ambient temperature, wind velocity, and load pressure.
Solar panels cooling can be discussed as the use of fuzzy logic, and it is possible to run the active cooling system in real time and make decisions independently based on the nature of its operation. A Fuzzy logic controller (FLC) needs a set of rules, in the form of if-then, instructions that govern the operation of the cooling system based on the input parameters such as panel temperature, the sun intensity, and ambient variables. 
One of the features of the FLC is an ability to increase the chilling intensity in case the panel temperature surpasses a certain value. However, on the other hand, once the temperature lowers to a moderate level, the FLC can stop or reduce the cooling system and reuse the remaining energy.
Fuzzy logic is quite favourable in optimization of active cooling in a solar system since it is able to contend with unpredictability and uncertainty. To avoid unnecessary cooling down and energy wastage, with this type of technology, the cooling system is only switched on when required. The dynamism of response is more effective, as opposed to the old-fashioned cooling systems which use some fixed setpoints.
III. ACTIVE COOLING METHODS.
This is referred to as active cooling where mechanical or electrical devices are employed in actively removing the heat off solar panels. Proactive cooling devices consist of rods, fans or pumps, and are referred to as thermoelectric coolers, thermoelectric coolers, fans, or pumps, passive cooling relies on the inherent mechanisms of dispelling heat such as convection or radiating cooling.
Fluid cooling is a type of active cooling, a method usually employed, in which a liquid (usually water or a coolant) is circulated behind the solar panel. After the panel absorbs the excess heat, the liquid is then cooled externally (usually in a heat exchanger) and it is pumped back into it. This is a highly productive plan in places where the sun rays are abundant to keep the panels at a cooler temperature. It optimizes technology by reducing the thermal dissipation, which reduces the temperature of the panel.
The other active cooling technique that is in use is the thermoelectric coolers (TECs), which uses the Peltier effect in cooling the heat out of the panel. 
The combination with the solar panels is appropriate since they are small, have no loud noise, and do not contain any moving parts. Thermoelectric coolers can be effectively implemented by having a fuzzy logic controller dictate the amount of lighting the coolers receive based on real time environmental feedback.
Active cooling, in combination with fuzzy logic can be utilized to design an intelligent cooling system that would maximize the temperature of panels and reduce power wastage. 
The fuzzy logic controller ensures that the active cooling system is turned on only when necessary to the maximum and its intensity is controlled to keep the power consumption and temperature control in an ideal state through the fuzzy logic controller.
Fuzzy logic, with active cooling, offers the solar panel systems with countless advantages:
Active cooling results in lower operating temperature of the solar panels, which generate a greater amount of electrical energy, especially when ambient temperatures are hot, leading to efficiency. Fuzzy logic will also automatically make its cooling process efficient and selective process as much energy-conservative as practicable.
The process of deterioration is slowed down, and the operation of the solar panels is optimized to prolong the service life significantly and minimize the thermal stress on the panels.
Leveraging the Energy Consumption: Fuzzy logic dynamically regulates the cooling power of the system to reduce the amount of energy consumed by active cooling system to prevent unnecessary energy consumption.
On-the-fly Adaptability: The fuzzy logic control system can respond to the on-site needs of the system by reacting to the current external factors, including changes in ambient temperature or sunshine.
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     Fig. 1. Equivalent circuit diagram of solar cell

[image: A diagram of a decision

Description automatically generated]
Fig. 2. Fuzzy logic system for MPPT
[bookmark: _Hlk175088162]The MPP tracker under review benefits from this suggested method's improved performance. Nevertheless, according to a comprehensive review of FLC research, the FLC that has been developed is still lacking in this specific area and could benefit from the assistance of an expert to develop the control rules. A more efficient design for an FLC-based MPPT utilized in standalone PV systems is presented in this paper. 
Genetic algorithms (GAs) that simultaneously choose and optimally select membership functions and FLC control rules form the basis of our technique. Using this methodology, creating this kind of Maximum Power Point (MPP) tracker becomes much easier and better. Furthermore, when it comes to independent PV systems in remote rural areas, using a general-purpose computer to run software implementations of specific FLCs as MPPT controllers is not the best design choice.
 It was usual practice to incorporate the FLC into microcontrollers and/or DSPs in such cases (Akkaya et al., 2007). Although these chips work adequately, they aren't up to the task of implementing the MPPT control function, which is best left to field-programmable gate array (FPGA) chips. Integrating the many electronic operations required by the control unit onto a single FPGA chip eliminates the need for separate processors that can only do software DSP-related calculations, making FPGA implementations more cost-effective than DSP and microcontroller implementations. 
The paper also includes a suggestion for implementing the GA's optimized FLC on an FPGA. Here is how the paper is structured: Section 2 shows how an autonomous PV system uses Maximum Power Point Tracking (MPPT), and Section 3 provides a brief overview of fuzzy logic controllers and genetic algorithm concepts. In Section 4, the use of Genetic Algorithms (GAs) in designing Maximum Power Point Tracking (MPPT) control is introduced as a way to optimize fuzzy controllers. Section 5 presents the results of the simulation conducted utilizing the newly built GA-FLC. The steps to implement the GA-FLC on FPGA and the results are detailed in Section 6.
IV. MPPT ALGORITHM
An MPPT controller, a resistive load, a DC/DC converter, and a solar array make up an autonomous photovoltaic (PV) system. Arrays of photovoltaic cells transform the energy from the sun into usable electricity. At its most efficient operation, the module generates its maximum power output (Pmax) at a peak in its V-P characteristic curve known as the maximum power point (MPP) (see Figure 2). In order to achieve an operating point near to the maximum power point (MPP), it is typical to use a regulated DC/DC converter to integrate the energy flow from the solar module to the load. 
The MPPT Controller, the control unit, is mostly in charge of running the DC/DC converter and doing MPP searches. Typically, it employs one of the well-known MPP tracking algorithms. According to Götzberger and Hoffmann (2005), this system is designed to analyze the PV module's current and voltage output in real-time, compare it to historical values, and determine the ideal power output for the DC load under all operating and weather situations. A fuzzy logic controller served as the central processing unit (CPU) for this specific application.
Instead of trying to provide a theoretical explanation of fuzzy logic, this section will lay out the groundwork for the analysis that follows. According to Timothy (2004), fuzzy control was built on top of the fuzzy logic paradigm that was first proposed by Zadeh in 1965. A nonlinear control technique, this method seeks to mold a fuzzy logic controller with the help of an experienced user. 
There are essentially four main parts to an FLC: to activate rules, the fuzzifier converts real data into fuzzy sets. A series of phrases called an IF-THEN statement defines the rules that control the controller's behavior. (c) The rules that convert input fuzzy sets into output fuzzy sets are applied by the inference engine. (d) The defuzzifier ensures that the output values are transformed from fuzzy to definitive. The rules for FLC operations are represented by fuzzy sets, which are linguistic variables. 
A number of inference mechanisms are defined in the rule aggregation operator, the implication function, the specific membership functions utilized, the connections used to link the rule antecedents, and the output of the controller. Hardware implementations of fuzzy controllers are the subject of this study. The membership functions associated with FLC linguistic variables frequently display piece-wise linear functions, like trapezoids or triangles. 
To make sure the input data covers enough of the target area, trial-and-error methods were used to choose the number and shape of the membership functions for each fuzzy set and the fuzzy logic inference process. This study's reasoning was as follows: keep moving forward in the same direction if the most recent change to the control signal (D) increased power; move backward in the opposite direction if it decreased power. 
As will be discussed in more detail later on, the membership functions and rule-base set were then customized using a genetic algorithms (GAs) technique. To guide the solar array's operation point steadily toward the maximum power point (MPP), Mamdani's FLC method employs the min-max operation fuzzy combination rule.
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[bookmark: _Hlk175088550]Fig.3 Input and output functions of fuzzy logic controller 
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[bookmark: _Hlk175132479]V. THERMOELECTRIC COOLING TECHNIQUE
To reduce the thermal working temperature of solar panels and thereby increase their performance, a new method called thermoelectric cooling is being developed. Regulating this heat might boost power generation because the thermal efficiency of solar panels reduces with increasing temperature. To lower the panel's temperature, thermoelectric cooling uses the Seebeck effect to convert thermal energy into electrical energy using Peltier cells or thermoelectric modules.
Thermoelectric Cooling Working Principle:
    How Seebeck Works: A regulated voltage can be generated by using a thermoelectric material's ability to form a temperature gradient between its surfaces.
    By applying a voltage across two separate conductors or semiconductors, the Peltier Effect causes one junction to absorb heat and the other to dissipate it, creating a cooling effect.
 By attaching thermoelectric modules to the back of solar panels, thermal energy can be extracted from them. The thermoelectric module lowers the overall temperature of the panel by absorbing some of the heat that the panel generates as it operates and converting it into energy through the Seebeck effect. Heat sinks or radiators can distribute the thermal energy that is generated at the junctions.
There are a number of benefits to using thermoelectric cooling for solar panels:
Cooling activities improve the electrical efficiency of the panel, leading to improved efficiency overall. Reduce the temperature by 1°C, and the efficiency of solar panels increases by roughly 0.5%.
A little boost in total power production can be achieved through energy harvesting, which is the process of converting some heat into electrical energy using thermoelectric modules.
The absence of moving parts in thermoelectric coolers makes them different from mechanical cooling systems; this means that they last longer and require less maintenance.
These modules are small and light, so they may be easily attached to solar panels without adding much extra weight.
Difficult Conditions:
   Thermoelectric components and modules can be extremely pricey.
    Existing thermoelectric modules have a relatively poor efficiency; thus, the energy advantages might not be enough to warrant the extra cost in many cases.
    Adding complexity to the design is necessary to provide adequate heat dissipation from the thermoelectric junctions, which requires efficient heat sinks or radiators.
Possible applications:
    Disconnected systems: Thermoelectric cooling is a great way to maximize energy output in remote places where performance optimization is critical.
    Thermoelectric cooling is a useful tool for controlling the high temperatures produced by concentrated solar power (CSP) systems, which otherwise provide a significant heat management challenge.
    In order to obtain a solar energy system that is both efficient and reliable, it is necessary to evaluate the costs, system complexity, and overall efficiency improvements before implementing either technology.
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RESULTS and DISCUSSION
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Table 1. Variation of Voltage and Current
[bookmark: _Hlk175088642]
	Voltage
	Current

	4.81
	9.25

	6.53
	9.22

	15.53
	9.27

	18.2
	9.19

	20.3
	9.11

	21.99
	8.81

	22.9
	8.63

	24.45
	7.71

	25.29
	6.93

	25.71
	6.39

	26.14
	5.82

	26.63
	4.69

	27.12
	3.8

	27.4
	3.05

	27.75
	2.32

	27.89
	1.78

	28.07
	1.4



The MPPT is larger than that of the direct-coupled system. The difference will be greatest at midday. It also demonstrates that the system with MPPT has a smooth curve throughout the day, but the direct-coupled system oscillates throughout the day. Similarly, it goes to sleep roughly an hour earlier in the afternoon than the system with MPPT. Throughout the operation, the flow rate of water is also reduced. The findings suggest that MPPT improves performance significantly
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                                        Fig.4 Graphical representation of variation of voltage with current 
VII. CONCLUSION
Solar photovoltaic (PV) systems are significantly more efficient when Fuzzy Logic MPPT is combined with thermoelectric cooling technology. Two major problems with solar energy collection are thermal efficiency losses due to rising temperatures and dynamic maximum power point tracking in the face of changing environmental conditions. The proposed dual-system technology expertly addresses both of these challenges. The system can quickly and accurately adapt to changes in temperature and irradiance thanks to the Fuzzy Logic MPPT, which guarantees optimal power extraction. By keeping the temperature of the solar panels within a specific range, the thermoelectric cooling system improves their overall efficiency and decreases thermal damage.
This integrated technology outperforms passive cooling systems and typical MPPT approaches in terms of energy efficiency, as shown by both simulations and experiments. The system's ability to regulate temperature is crucial for maximizing panel performance, making it particularly well-suited for use in regions with highly variable weather patterns and abundant solar radiation. Contributing to the worldwide effort to improve renewable energy technologies, this paper lays forth a practical and long-term strategy for maximizing solar power production. The system's scalability and its compatibility with other advanced solar technologies could be explored in future studies, which could lead to its widespread use in renewable energy.
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