Optimization of Solar Panel Efficiency Using Fuzzy Logic-Based MPPT and Phase Change Material Cooling Techniques
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Abstract- Renewable energy can only be commercially viable and economically viable when solar panels are streamlined to bring out their optimum capacity. The study will illuminate a novel concept of improving the performance of solar panels with the combination of PCM cooling and MPPT founded on the Fuzzy Logic. The Fuzzy Logic controller, optimizes the Maximum Power Point Tracking (MPPT) system by making real time changes on the voltage which is operated. This ensures that the panel is at all times in optimal power point regardless of what the climate may be. At the same time, the capacity of PCM to take heat energy in can maintain a constant temperature of the panel and minimize heat loss, thereby avoiding burnouts. Based on the experimental finding, this hybrid system maintains an operational stability and significantly enhances the energy conversion efficiency. Maximum power point tracking (MPPT), intelligent control, and passive cooling is a combination of which can be proposed as a long term solution to better solar energy systems in varying climates. The research contributes to the increased number of literature on the importance of increasing the effectiveness and reliability of solar technology to be widely used..
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I. INTRODUCTION
One of the limited low-carbon energy sources is solar power generating due to its massive growth potential. One of the conclusions that can be drawn due to this is that the most effective manner in reducing the effects of the climate change is to than to raise the global capability in the generation of solar power to multi-terawatt scales. Over the past few years, residential solar systems have experienced a meteoric increase in investment due the rapid increase in the installed solar producing capacity, tremendous advances in technology, better pricing and performance, as well as the development of new business models [1]. These are deliberations that have helped in the escalation in residential solar systems.
However, more efforts should be made before this can be achieved so that solar contribution can increase considerably at a socially acceptable expense. To fulfill this duty, the subsidies should be reduced, the cost of solar power should be lowered to the level of the production of fossil fuel, and the adequate fine should be provided to the violators of carbon dioxide (CO2) emission[2-3]. 
Nevertheless, the current c-Si technologies have many technical drawbacks. The high processing complexity and low inherent light absorption, both brought by the thick silicon wafer structure are the most vital ones. The use of glass enclosures in improving the weight and rigidity of c-Si modules have the effect of increasing cost of the BOS [4-5]. It is also in the best position to explore additional possibilities to make the technology more competitive, provided the companies that manufacture c-Si modules, cells and input materials can investigate new opportunities. This can be done by increasing manufacturing efficiency, reducing the cost of production and a combination of maximizing on raw materials. Thus, at this moment, no very solid argument exists to prove that the government should invest in c-Si R&D.
It is anticipated that investment in a utility-scale plant costs per peak watt are much lower than the cost of a residential system and are in the medium range of a common commercial project. Home system on the other hand is much more expensive per peak watt. The balance of system (BOS) represents the major portion of change in cost, as the prices of modules vary quite similarly across the industries. It is projected that the BOS will represent 85 percent of the cost of BOS installed in residential units and 65 percent of the projected utility-scale photovoltaic (PV) system expenditure [6-8]. History of the German market indicates that with the increasing demand, certain BOS components such as customer acquisition and installation labor will be made cheaper. This can be attributed to the fact that the market has a continuously expanding market. When correcting the expenses the related costs of authorization, interconnection, and inspection (PII) are in control, it might be harder to avoid the difficulties.
The task of establishing and implementing regulations pertaining to retail customers' personally identifiable information (PII) falls on 3,200 power distribution companies and thousands of local and state agencies in the US. One way to reduce the installed system cost associated with personally identifiable information (PII) is to establish national or regional regulations and processes for permitting, interconnection, and inspection. While this may be particularly relevant to residential installations, it may also apply to those in commercial buildings.
Solar power's economic viability relative to other generation methods is dependent on two key variables: the market price of solar electricity and the value of its production. One common metric for comparing various power generation options is the levelized cost of electricity, or LCOE. To compare photovoltaic (PV) generation to carbon capture and storage (CSP) or other types of power, or to determine if PV generation is competitive, the levelized cost of energy (LCOE) alone is insufficient. This is due to the fact that the value of PV generation per kWh is influenced by various crucial factors within the regional power market, including the level of PV deployment, among others. The value of an increase in PV generation, for example, declines when more solar capacity is added to a specific market. The declining value of PV generation is the reason behind this.
The origin of all fossil fuels on Earth may be traced back to photosynthesis. The scientific community agrees that the first autotrophic creatures emerged in watery environments around three billion years ago. Plants were able to expand their growth and adapt to their surroundings because of the sun's radiation. The autotrophs' remains decayed after death and were then lowered hundreds, if not thousands, of meters into the Earth. This process may have persisted for a long period, perhaps even millions of years.
Because it was subjected to extreme conditions, like high temperatures and pressures, during the course of evolution, this debris eventually solidified as fossil fuels. Microbes, in particular, were responsible for the transformation of coal, oil, and natural gas into its more modern forms. These people have figured out how to get these fossil resources and use them to generate energy. The supply of fossil fuels, on the other hand, is finite. They have millions of years to go before reaching their mature state.
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       Fig. 1. Equivalent circuit diagram of solar cell
When the device's bulk and surface components are the primary recombination sources under high voltage conditions, the ideality factor approaches one. The ideality factor approaches two at low voltages, and recombination at the junction takes center stage. When simulating junction recombination, it is usual practice to add a second diode in series with the first, with the ideality factor often set to 2. A two-diode solar cell device's equivalent circuit is shown in Figure 1.
Solar energy is a plentiful and renewable resource that may be harnessed directly and utilized in various settings, such as homes, businesses, schools, and hospitals, through a variety of technological advancements. Photovoltaic cells and panels, solar architecture, and concentrated solar energy are all examples of solar energy technologies. Solar energy can be collected and transformed into useful forms using a variety of methods. All forms of solar energy, active and passive, are utilized in these processes.
To convert the sun's ultraviolet (UV) rays into useful thermal energy or electrical power, active solar technologies use mechanical or electrical devices. There is no supplementary hardware needed for passive solar energy systems to operate, in contrast to active solar technology. Another option is that they make use of seasonal and climatic cycles to store heat in the winter and release it in the summer.
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    Fig. 2. Boost Converter Coupled with Solar panel
The boost converter, often called a step-up converter, is a basic form of a switch-mode converter. In order to produce a higher external voltage, the converter makes use of the input voltage. In its simplest form, it mimics the operation of a step-up transformer by increasing the voltage of the direct current from low to high and decreasing it from high to low, while maintaining the same power output. As you can see in Figure 2, this is a typical boost converter circuit.
II. MAXIMUM POWER POINT TRACKING
Maximum power point tracking (MPPT) ageing curves collected over the past three years in a dedicated High-throughput Ageing System8 under controlled environmental conditions provide the basis of our statistical study. Incredible uniformity characterizes the dataset. We measure the power conversion efficiency (PCE) drop relative to the highest efficiency achieved throughout the aging experiment after 150 hours. 
The maximum efficiency is selected as a quality metric because it is believed to represent the solar cell's maximum potential or capabilities. The dataset includes charge-selective layers, which include small molecules, polymers, and inorganic materials. It also includes MPP-tracks of devices with different structures, such as n-i-p and p-i-n architectures, diversified contact layers, and organic and inorganic lead-halide perovskite absorbers. Please refer to Supplementary Note 1: Data Quality and Supplementary Tables 1 and 2 for a more in-depth explanation.
Because pluripotent stem cells (PSCs) have such diverse degradation curve forms, there isn't even a generally agreed-upon way to quantify their stability just yet. The dataset displays many geometric shapes of deterioration curves, which can be grouped into distinct types. In this research, we use the MPP-tracking dataset and the self-organizing map (SOM) unsupervised machine learning method to group similar degradation curve forms. We can get the most common shape of the progressive ageing curves using this method. 
If form clusters are present, the maximum possible power conversion efficiency (PCE) will be higher. In order to find appropriate longevity metrics for pluripotent stem cells (PSCs) in PSC research, we think it would be helpful to classify ageing test findings and identify the main kinds.

       III. MPPT in stand-alone PV systems
Components of a single photovoltaic (PV) system consist of solar array, DC/DC converter, resistive load and MPPT control unit. The sun rays are converted into electricity through the solar publishing. A regulated DC/DC converter is commonly used to stabilize the output of the solar module to the load at a point not excessively far away as the maximum power point (MPP). 
Two major tasks of a Maximum Power Point Tracking (MPPT) Controller are the identification of the Maximum Power Point (MPP) and functionality of a DC/DC converter. To this effect, a common Maximum Power Point (MPP) tracking method is commonly employed by this device. This system can know the power output and the best operating conditions and weather condition when demand is on DC through continuous calculation of the current and voltage of the output of the PV module and comparing the results to the earlier ones and then taking necessary actions. A fuzzy logic controller is the control device that was employed in the case under consideration..
This section is not meant to give theoretical background on fuzzy logic; rather, it is to present the key concepts needed to comprehend the analysis that follows. Fuzzy control approaches are built upon the basic ideas of fuzzy logic that were established by Zadeh. An technique to nonlinear control known as fuzzy-based controller development aims to tap on the expert knowledge of a seasoned user. 
The four basic parts of an FLC are: The fuzzifier takes precise data and turns it into input fuzzy sets so that rules can be activated. (b) The details concerning the controller's operations as laid down in an IF-THEN statement sequence. (c) An inference engine that takes in fuzzy sets as inputs and uses these concepts to generate fuzzy sets as outputs. (d) A defuzzifier, which takes output fuzzy values and turns them into exact ones. Fuzzy sets are used to describe the ideas underlying FLC operations as language variables. 
Type of membership function, connections for rule antecedents, implication function, and rule aggregation operator are all defined by the inference method that is employed to derive the controller output. It is interesting to note that in the context of fuzzy controller hardware implementation, the membership functions associated with FLC linguistic variables frequently display piece-wise linear functions, which can be either triangle or trapezoidal. 
At first, trial-and-error methods were used to identify the configuration and amount of the membership functions for each fuzzy set, as well as the selection of the fuzzy logic inference process, to make sure that the input data covers the appropriate area. The following reasoning was employed in this study: if the most recent change to the control signal (D) increased power, then continue in the same manner; otherwise, if it decreased power, then go in the other direction. 
The next sections will delve into the process of using genetic algorithms (GAs) to modify the membership functions and the rule-base set. The control job is meant to continuously advance the operation point of the solar array as close to the maximum power point (MPP) as is practically possible, using Mamdani's FLC approach's min-max operation fuzzy combination rule.
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Fig. 3.  Input and output functions of fuzzy logic controller 
IV. PCM COOLING
Finding out how phase change material (PCM) can lower the temperature of a conventional photovoltaic (PV) panel while simultaneously increasing its electrical efficiency is the primary goal of this research. Photovoltaic (PV) panels must have a phase change material (PCM) layer because PVs work better when the cell temperatures are lower. To improve the thermal efficiency of the PV cells, the PV-PCM layer dissolves in response to incident solar energy that is not being converted into electrical energy, lowering the temperature of the PV cells. The typical photovoltaic (PV) panel can benefit from the latent cooling features of phase change material (RT28HC), which is one of the aims of this work. How much that E. The cooling effect of the phase change material (PCM) allowed the photovoltaic (PV) panel to produce more electricity than a conventional PV panel. To determine how well the PV panels performed in the simulation, an evaluation was carried out for a full year. Varieties in the panel's power output can be achieved by utilizing various formulae. To represent a panel mathematically in MATLAB, you'll need these equations:

                 (1)
                       (2)
                           (3)
                                                          (4)
                                                             (5)
                                                              (6)  

4. RESULTS and DISCUSSION

Table 1. Panel MPPT parameters before application of cooling technique

	
Sr. No.
	
Location
	
Ppanel
	
Pload

(Boosted)
	
Vpanel
	
Vload

(Boosted)
	
Ipanel
	
Iload

(Boosted)
	
    ƞ

	
1
	
Ladakh
	
32.9 W

	
32.2 W
	
20.7 V
	
40.50 V
	
1.9 A
	
0.91 A
	0.27.2

	
2
	
Mathura
	
31.1 W
	
30.8 W
	
19.5 V
	
38.02 V
	
1.87 A
	
0.86 A
	0.26.6

	
3
	
Bikaner
	
29.9 W
	
29.5 W
	
18.5 V
	
36.07 V
	
1.74 A
	
0..83 A
	0.261

	
4
	
New Delhi
	
32.8 W
	
32.4 W
	
17.98 V
	
34.49 V
	
1.71 A
	
0.79 A
	0.25.6



Table 2. MPPT Parameters of PV panel after application of cooling technique
	
Sr. No.
	
Location
	
Ppanel
	
Pload

(Boosted)
	
Vpanel
	
Vload

(Boosted)
	
Ipanel
	
Iload

(Boosted)
	
ƞ

	
1
	
Ladakh
	
43.7 W

	
43.2 W
	
29.8 V
	
48.7 V
	
7.2 A
	
3.6 A
	0.298

	
2
	
Mathura
	
42.8 W
	
42.3 W
	
28.2 V
	
47.5 V
	
6.8 A
	
3.4 A
	0.284

	
3
	
Bikaner
	
41.2 W
	
41.1 W
	
27.3 V
	
46.6 V
	
6.4 A
	
3.2 A
	0.281

	
4
	
New Delhi
	
40.87 W
	
40.2 W
	
26.78 V
	
45.6 V
	
5.9 A
	
2.52 A
	0.272




Table 3. Variation of Voltage and Current  
	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 power should remain constant after being boosted if a boost converter is also attached to the panel, however the current and voltage output of the panel will change, as shown in the first table. This is the only variable that changes depending on how the panel will be used; keeping the panel cool with water prevents it from overheating, which would limit its output; and having the light strike the panel at an angle causes more of it to be reflected into the circuit. The second table shows the panel's output before and after.

5. CONCLUSION

This study shows that the combination of Fuzzy Logic-based MPPT and Phase Change Material (PCM) cooling is a great way to improve the performance and efficiency of solar cell. The MPPT system is able to track and maintain the optimum operating point at all times by utilizing the flexibility of fuzzy logic, regardless of the changing environmental conditions. At the same time, the passive thermal control of the PCM lowers the level of overheating and reduces energy loss caused by high heating. The combined method is more efficient by not only increasing the total energy production but also increasing the general life of the solar panels through the stable thermal environment. These discoveries imply that this mixed system proposes a valid option in streamlining solar energy systems in various climates and hence make solar energy more efficient, sustainable and reliable. Further studies might be conducted on a larger scale of the solution in the future and its applicability to larger solar installations to continue developing the potential of widespread adoption of renewable energy.
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