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Abstract 
An important element influencing the longevity and efficiency of solar panels is corrosion, which is examined in this review paper along with its mechanism, detection techniques, and mitigation options. Encapsulants, backsheets, and metallic components interact intricately to cause corrosion, which is a result of material deterioration and exposure to the environment. Though they have limits in terms of cost and field usability, advanced detection techniques such as acoustic emission monitoring, electrochemical impedance spectroscopy, and infrared thermography offer insights into early-stage corrosion. Preventive measures that increase the robustness of solar panels include self-healing coatings, corrosion-resistant polymers, and UV-resistant encapsulants. Furthermore, accelerated aging tests and environmental monitoring systems aid in the comprehension of corrosion behavior under diverse circumstances. Nonetheless, obstacles including exorbitant implementation expenses, restricted scalability, and incompatibilities with current systems underscore the necessity of comprehensive strategies. This review brings together scattered methods of corrosion detection and mitigation of in solar cell, emphasizing how crucial it is to incorporate cutting-edge technology, consistent upkeep, and strong design enhancements to reduce corrosion and guarantee the dependability and durability of solar energy systems in a variety of environmental settings.
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Introduction
One of the most common issues in the field of solar module is corrosion, which results in ribbon discoloration [1] [2]. Since corrosion mechanisms might be linked to other types of degradation, determining the origin of a PV module's corrosion may not be simple [3] [4]. Any component of the PV module that deteriorates can lead to corrosion as show in figure 1, which allows oxygen and water to enter the solar cell [5] [6]. An electrolyte, an oxidizing agent, and a metal are necessary for corrosion to happen in a PV module [2]. According to a recent study, the most significant contributing causes to corrosion are the degradation of the encapsulant and backsheet [7].When the PV module is exposed to outside UV radiation, heat, and relative humidity, ethylene vinyl acetate (EVA) degrades. The laminated EVA produces acetic acid in the event of a malfunctioning module, hastening the corrosion of metal. There is a reciprocal cause-and-effect link between the various conditions that originate and exacerbate corrosion in solar modules [3]. An overview of the corrosion mechanisms in PV modules described in earlier research is provided in Fig. 5. Regarding the corrosion effect, which arises from the degradation of the EVA encapsulant, they are in accord [8] [9] [10]. Figure 2 shows EVA delamination issues brought on by inadequate lamination parameters and environmental factors have been the subject of several research [8] [11] [12]. Others have employed pyrolysis and hydrolysis following exposure to moisture and high temperatures to focus on the production of acetic acid [13] [14].The corrosion phases and interactions between the galvanic pairs are depicted in Fig 6. PV module corrosion causes power loss and a progressive rise in series resistance [15] [16]. The oxidation potentials of Ag/Ag(I), Sn/Sn(II), Cu/Cu(II), Al/Al(III), and Pb/Pb(II) were, 0.799 V, -0.136, 0.337, -1.662, and -0.358 respectively [2] [17].  Because metals with lower oxidation potentials serve as sacrificial anodes in galvanic couples [18], they experience higher rates of corrosion [19]. When water comes into contact with the solder joints on the front side of the solar cell, corrosion starts to happen. The series resistance will then rise as the corrosion gradually moves toward the center, decreasing the Ag-solder contact [17]. The solder junction and aluminum contact corrode first on the back side [20] [21]. Other metals will start to corrode as the corrosion worsens and the metal is consumed.
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Fig.  1. Silicon solar cells' corrosion mechanism [5] [2] [4]. Hydrogen gas is created during corrosion when H2O and O2 enter via the backsheet or frame edges and pass through a delaminated encapsulant-cell gap. Delamination is accelerated by the growth and merging of the gas bubbles 
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Fig.  2 Corrosion steps for the front and rare side of solar cell [11].

Corrosion Detection Mechanism in Solar Cell 
Visual Inspection
One of the fundamental techniques used for corrosion detection [22] and other modes of degradation in solar panels is visual inspection as seen in Figure 3 below [23]. It helps facilitate early detection and mitigation of probable performance losses [24]. According to a study by Daher et al., visual examinations showed that 50% of the modules had encapsulant discoloration, and 30% had frame corrosion [25]. These findings underscored how susceptible solar panels are to external stresses over time. Similar to this, a study by D. H. Daher et al., examined 48 photovoltaic (PV) modules and found that bubbling and snail trails were common problems, occurring in 93.7% of the units examined [26]. This suggests the importance of routine visual inspection in spotting minor significant flaws in PV. Furthermore, an article published by Aboagye et al.'s showed how visual inspection methods was used in Ghana to detect discoloration and fracture formation which was manifested as a result of high humidity and temperature accelerating deterioration [27]. According to Al Mahdi et al.'s (2024), visual inspection identified corrosion in 35% of an analysis of photovoltaic systems [28]. This finding was profoundly associated with the local environmental conditions, suggesting that visual assessment is essential for maintenance [29]. In total consideration, these studies illustrated how visual inspection methods can be helpful early detection of corrosion and degradation in solar panels, providing imperative novel evidence about how environmental influences might affect the durability and effectiveness of modules.
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Fig.  3.  Image shows visual inspection of a corroded solar panel [14].

Infrared (IR) Thermography
One of the fundamental non-destructive diagnostic techniques used in identifying solar panel corrosion is Infrared Thermography  [22] [23]. As Depicted in figure 4, Infrared Thermography is key in enabling for spotting corrosion earlier to ensure preventive maintenance and longevity of a photovoltaic system [24]. Infrared Thermography detect corrosion and microcracks by detecting thermal irregularities from measuring the infrared radiation that a solar module releases [25] [26] [27].  S. Gallardo-Saavedra work demonstrated how Infrared thermography is useful in identifying problem hotspots, and when done early facilitate prompt maintenance and increase efficiency [28]. Other finding as in the case of L. H. Callejo et al., thermal imaging was also used to illustrate how temperature variations are highly correlated with corrosion damages [29].Further studies, such as those conducted by Ballestín-Fuertes et al., highlight the importance of using Infrared thermography as a non-invasive examinations for deformation detection on solar farms and informing maintenance planning [30]. To improve detection and control of corrosion in photovoltaic systems, J. I. Morales-Aragonés et al. to a step further by combining thermography with sophisticated analytical methods, his approach was also key in providing accurate data [31]. These observations taken together highlight the critical role that infrared thermography plays in the sustainable management of solar energy installations, guaranteeing efficient operation and extended lifespans.
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Fig.  4. IR thermogram of a broken (cracked) solar panel [16].


Electrochemical Impedance Spectroscopy (EIS)
Electrochemical Impedance Spectroscopy (EIS) offers real-time monitoring [32] [33] and detailed analysis of the corrosion processes  [34] [35]. For instance, EIS was used to assess the corrosion properties of several materials in contact with molten salts in the work by Encinas-Sánchez et al. (2023), this was useful in identifying the pathway of deterioration in the solar energy applications [36]. In a similar vein, Wang et al., used EIS to examine the corrosion behavior of metallic material in a molten carbonate environment, providing important new information on how corrosion starts and outlining a course for improving safeguards in solar power systems [37]. Finally, in a study by González et al., Electrochemical Impedance Spectroscopy (EIS) was used on steel subjected to molten salt, it was able to successfully distinguish between distinct corrosion pathways, providing a useful information for creating materials with improved corrosion resistance in CSPs [38]. From these experiments, Electrochemical Impedance Spectroscopy is seen to have shown significant contribution to corrosion detection technique, allowing for better material selection and maintenance plans. 

Acoustic Emission (AE) Monitoring
Acoustic Emission Monitoring has proven to be a useful method for identifying corrosion in solar panels, offering real-time information on structural integrity [40] [41] [42]. In order to facilitate early identification and preventive maintenance, current research has shown that acoustic emission as in  figure 5 can be used to distinguish between different phases of corrosion. A substantial correlation was seen between acoustic emission signals and corrosion progression in an experimental assessment conducted by Anastasopoulos et al., this is usefully in prompting early treatments [43]. Furthermore, Geng et al. reports high-intensity acoustic emission signals during corrosion processes suggesting their potential for determining the extents of corrosion and aiding in maintenance decisions [44]. Then also, a study by Chen et al., illustrated how acoustic emission technique may be used to monitor surface wear and track local corrosion occurrences while integrating data gathering systems for improved accuracy in structural health assessments [45]. Ma et al., on the other hand made another important addition by outlining the benefits of acoustic emission monitoring in differentiating acoustic signals from corrosion-related cracks and other structural sounds [46]. These studies exhibit how well AE Monitoring works as a proactive, non-invasive technique for managing corrosion in solar panel installations, which eventually results in more environmentally friendly energy options.

[image: A Review on the Applications of Acoustic Emission Technique in the Study of  Stress Corrosion Cracking]
Fig.  5. Acoustic wave propagating due to stress corrosion cracking [47]  


Solar Panel Corrosion Control
There are currently various methods corrosion of solar panel are controlled to ensure longevity and reliability. Below are discussed some of the methods deployed and solar panel corrosion control.
Encapsulation and protective coating
Encapsulation and Protective coatings are important method used to stop deterioration brought on by external elements like dust, moisture, and UV rays [48]] [49]. Ethylene Vinyl Acetate (EVA) is the most widely used as encapsulating substance in the solar panel manufacturing business [50] [51]. The developments in protective nano coatings significantly improve photovoltaic (PV) modules' longevity [52] and effectiveness [53], especially with regard to corrosion resistance [54].

The Role of Ethylene Vinyl Acetate (EVA) as an Encapsulant
Ethylene Vinyl Acetate is popular for its use as a copolymer which offers superior weather resistance, great optical clarity, and strong adherence to glass and solar cells [55]. It’s capacity to form a hermetic seal is essential because it preserves electrical insulation while shielding delicate solar cells from oxidative damage, moisture, and dust [56].
Numerous studies highlight the benefits of Ethylene Vinyl Acetate in encapsulation; for example, it is reported that approximately 80% of Photovoltaic modules use Ethylene Vinyl Acetate for encapsulation due to it favorable properties which includes good light transmittance, high adhesion levels to glass and back sheets [57]. Additionally, an investigation revealed that Ethylene Vinyl Acetate encapsulation creates a shield that significantly reduces the water vapor transmission rate (WVTR), protecting the solar cells  [58]; however, research also identifies the drawbacks of Ethylene Vinyl Acetate, specifically its vulnerability to UV degradation, which requires the use of UV-resistant protective glass to reduce degradation risks [59].
The relationship between the lamination parameters and the long-term durability of Ethylene Vinyl Acetate encapsulated modules has been highlighted in recent research that have investigated the lamination techniques employed in the encapsulation process [60] [61]. More specifically, research indicates that improving the longevity of solar modules requires ideal lamination conditions, such as suitable temperatures and curing durations [60]. The chemical stability and performance of the modules over time were found to be influenced by variables such as gel content, adhesion strength, and resistance to hydrolysis for EVA cured under different conditions [62].

Impact of Nano Coatings on Corrosion Mitigation
Hydrophobic nano coatings prevent moisture accumulation and repel dirt and dust, hence mitigating risk corrosion risk [63]. 
In certain studies, solar panels' lifespan and efficiency can be significantly increased by using nano coatings. One study, for example, showed that applying a self-cleaning nano-coating improved maximum power output by 65.2% and short-circuit current by 64.7% when compared to uncoated panels [53]. The capacity of the coating to lessen dust collection, which has a direct impact on light absorption efficiency, was credited with this notable performance improvement [64]. Again, hydrophilic nanocoating’s enhance self-cleaning systems and reduce the negative effects of soiling on solar panel performance [14]. According to one experimental study, silicon dioxide coatings efficiently protect PV cells from moisture exposure and UV rays, which is crucial for increasing their operational lifespan [65]. To improve adhesion and chemical stability of encapsulated systems nanotechnology has been used, according to [66] by using nano-coating materials with anti-corrosive qualities, weather resistance was accomplished.
The consequences of green nanoparticles on the environment and human health are likewise not uniformly regulated, nor are there standard testing methods [67] . Superhydrophobic coatings may not be able to be used practically due to problems with the surface's low mechanical stability [68]. Some drawbacks of organic coatings include poor adherence, coating permeability, and high temperatures [69].  Setbacks with EVA application may be improved by applying moisture resistive barriers over EVA films or exploring alternative encapsulant materials such as selica-gel or silicon-based material [70] [71].  Again, increasing coatings' mechanical stability and longevity is key. Techniques may include creating novel formulations that retain their qualities under stress, adding self-healing ingredients, and enhancing the coating's adherence to substrates [72].




Use of corrosive -Resistant Material
Alloying 
Alloying has always shown to be one important option when it comes to developing a corrosive resistive material [81]. Manufacturers produce materials with better mechanical qualities and less corrosion susceptibility by mixing various metals, especially aluminum, with specialized alloying elements like silicon, magnesium, and zinc [82] [83] [84].  About 35% of the solar absorber are made of aluminum [85] [86] [87]. Research by Elbakhshwan et al. (2019), investigated the corrosive resistive nature of Inconel alloy in solar salt. Superficial nickel-based alloy (NI625) tested in molten solar salt consisting of 60 wt% NaNO3, 40 wt% KNO3, at 600 °C and for durations of 1000, 2000, 3000 and 4000 h [88]. Mass change data showed that the IN625 had the most resistance to corrosion with the lowest mass change and a more parabolic change indicating further resistance to long term corrosion. Rodríguez-Diaz et al., studied how aluminum-silicon-magnesium alloys corroded in saline environments. This research revealed that the alloys outperformed conventional aluminum, exhibiting a 30% reduction in corrosion rates. The synergistic impact of alloying process’s created a stronger coating of aluminum oxide [89]. In a different study, Investigation of the efficiency of zinc as an alloying element in aluminum for solar panel applications [90]. Their findings demonstrated a significant decrease in corrosion rates, which they attributed to zinc's galvanic protection, strengthening the alloy's resistance in marine conditions where electrolytic corrosion is common [91] [92].
Galvanic corrosion is one of the possible setbacks of alloy application. This is as a result of localized corrosion failures when dissimilar metals are bonded [93] [94]. By selecting materials carefully and combination metals that are near to each other in the galvanic series, this risk can be reduced [95][96]. Furthermore, surface treatments like anodizing can improve aluminum alloys' protective qualities even more [97].

Low-Iron Glass
Low-iron glass has exceptional optical qualities and resistance to corrosion [73], these qualities have made it a popular choice for solar panel applications  [74]. The lower iron level of low-iron glass ensures solar cells receive the ideal amount of sunlight for energy conversion, which minimizes coloring and maximizes light transmission [73] [75]. Additionally, it’s smoother surface makes it easier to prevent dust and grime buildup which can worsen corrosion and efficiency losses [76]. Susemihl and Dauwalter [77] discussed the benefits of using low-iron glass combined with silver reflective layers for solar applications. They reported the robustness and environmental stability of these mirrors. In the experiment, 4 mm low-iron glass was used with silver as the reflecting layer and appropriate protective layers. An initial reflectance of 94% can be maintained during its useful life, even under harsh conditions prevalent in solar applications. It can be argued that, using low-iron glass can aid with the longevity and dependability of solar reflectors by maintaining high reflectance and opposing environmental factors that could lead to corrosion [78]. However low-iron glass is more expensive than ordinary glass which is one of the challenges encountered [79]. Low-iron glass exhibit the same surface hardness and to abrasion as standard clear glass, which can impact its protective qualities [80]. Manufacturers can use surface treatments or coatings that promote improved weathering stability and scratch resistance to increase longevity [81] [82].

Electrically Conductive Adhesives (ECAs)
Electrically conductive adhesives (ECAs) offer a flexible way for mitigating corrosion in solar panels [83] [84]. They are created from using polymers with embedded metal fillers, such as copper, silver, or nickel, which give both electricity conductivity ability and strong adhesive properties [85] [86] [87]. ECAs are specifically beneficial because they can cure at lower temperatures [88] when bonding with sensitive electronic components than traditional soldering methods [89], avoiding potential heat destruction [90]. Studies again has proven that using ECAs in solar cells assembly improves net reliability by streamlining the manufacturing process [91], reducing the number of thermal cycles that components endure [92]. According to a study, ECAs demonstrated reduced contact resistivity and long-term electrical performance, both of which are critical for the long-term operation of solar modules [93] [94]. Eikelboom et al. (2002) did a study on warping and breaking of soldering and conductive adhesives [95].  In the experiment conductive adhesives showed that tremendous characteristics warping can be prevented and 80/spl mu/m thin cells do not break during and after interconnection. Contact resistance was same for both soldering and ECA. Damp/heat tests exhibited no deterioration after 2500 hours at 85/spl deg/C/85% humidity. After 200 cycles, temperature cycling -40/+80/spl deg/C has showed on effect. According to a study, ECAs demonstrated reduced contact resistivity [96] and long-term electrical performance, both of which are critical for the long-term operation of solar modules [97].
It was concluded that Conductive adhesives are a potential technology that reduces stress by combining low process temperatures, endurance, strong conductivity, and outstanding mechanical qualities [85] [98].  Enhancements can be made by creating ECAs with optimized filler geometries and polymer mixes, which retain electrical conductivity while improving mechanical qualities [99] [100]. The environment in which the panels will be installed, and the application techniques used must be carefully considered in order to provide strong adhesion under a range of operational pressures.

Environmental Control and Monitoring
Integrated sensor systems and climate-specific solar panel placement are two efficient ways that contribute to corrosion prevention in solar panels through environmental monitoring.

Integrated sensor systems
Real time monitoring of ambient conditions and corrosion levels in solar panels has been achieved through recent advancements in integrated sensor systems [101] [102]. Useful data that are imperative for decision-making on maintenance and the application of corrosion prevention methods are offered by these sensors [103].
Sarkar et al., did a study on the application of Internet of Things (IoT)-based wireless sensor network (WSN) to track the performance of low-power rooftop photovoltaic (PV) panels [104].The study revealed that operational effectiveness of small-scale photovoltaic installation can be achieved through effective monitoring systems. The authors emphasized that the use of wireless sensor network can aid the assessment of productivity, efficiency, and overall system performance, facilitating easier calculation and analysis. Qiao et al., discussed a noteworthy study by Kumar, were integrated sensor system created specially for tracking the rate of corrosion in reinforced concrete structures housing solar panels was investigated [105]. In the discussion, result from the study showed A customized proof-of-concept system utilizing a wireless sensor network (WSN) was developed by Kampman et al. [106]. This system was used to monitor corrosion in water pipelines with electrochemical sensor integration to monitor and detect corrosion levels and give real-time data facilitating timely maintenance. According to the publication, the need for manual inspection was lowered due to the implementation of wireless network system. It proved continuous monitoring, allowing for early detection of material deterioration for timely mediation and safety of infrastructure. The publication "Batteryless Environmental Sensing for Sustainable Corrosion Monitoring" by Pappinisseri Puluckul and Weyn [107], introduces a unique way to corrosion monitoring by building a battery-free environmental sensing system. Their system relay on energy harvesting techniques, including thermoelectric generation from soil-air temperature differences to power sensors that monitor environmental parameters like humidity, ambient temperature, and soil temperature. The incorporation of energy harvesting technologies, as shown in Liu et al.'s study, improves the sustainability and longevity of wireless sensor network by eliminating the dependence on batteries, thus supporting more efficient and eco-friendly corrosion monitoring systems [108]. Despite the success in deploying wireless sensor network in corrosion detection, there are key challenges that are encountered because of short battery life of sensor [109]. To add, setbacks due to the intricacy of integrating data [110] from numerous monitoring devices are also faced. To ensure long-term dependability and lessen the need for battery replacements [111] [112] [113], further studies should concentrate on creating self-sufficient systems that use renewable energy sources.

Climate-Specific Solar Panel Siting

Climate change is known to impact solar panels in many ways, for that reason solar panel placement is crucial in reducing corrosion concerns [114] [115] [116]. The negative impacts of weather and geographic circumstances on solar panels can be considerably reduced with proper location [117] [118]. Elevated temperatures and prolonged moisture promote encapsulant degradation in hot, humid tropical environments. This accelerates encapsulant breakdown and increases acetic acid emission, which in turn increases aggressive metal dissolution and migration conditions [182].

A study by Sousa et al., investigated the potential effects of climate change on the corrosion of structures, especially those essential to solar installations [119]. The experiment illustrates the importance of incorporating climate modeling into the design process. This facilitates in forecasting the long-term performance and reducing corrosion hazards related to particular weather patterns. The study proposes that awareness of regional climate variances required to create customized design guidelines that can improve the robustness and effectiveness of solar systems. The International Energy Agency Photovoltaic Power Systems Program replication titled “Climatic Rating of Photovoltaic Modules", emphasize the need for integrating site-specific climate data into photovoltaic installation design. The research demonstrates how adaptive photovoltaic module selection and system design that suits local climatic conditions can significantly increase energy yield and system dependability. This is achieved by examining operational data from photovoltaic systems across different climate zones. The results support the strategy of including thorough climatic analyses in the planning phase, which guarantees solar installations are tailored to their settings and enhances longevity and overall performance [120]. Article by Ronald stated the need to select solar panels that comply with International Electrotechnical Commission (IEC) 61701 standard when considering setting up in coastal regions. Due to the abundance of sea salt in the region, the standard provided confidence in the solar panel’s ability to resist corrosive effect. Homeowners and installer can mitigate the chance of corrosion and improve solar panel lifespan and functionality of solar installation in these types of climates by selecting panels that fulfill this certification [121] [122].

Notwithstanding these observations, a drawback identified in all of these research is the generalizability of results across diverse geographic locations, which could result in conflicting outcomes when criteria are modified for other contexts [123] [124] [125]. In order to help with more informed site selection, future research should concentrate on creating an extensive database on corrosion affects specific to various regional conditions [126] [127] [128]. 

Advanced Testing and Validation
Advanced Testing
Advanced testing technique play a crucial part in detecting and computing corrosion in solar panels [129] [130]. These methods used accelerated aging testing where real-world environmental conditions are simulated to provide assessments of corrosion susceptibility [131] [132][ [133].
Copper-accelerated acetic acid salt spray (CASS) which has surfaced as a novel accelerated corrosion test was used in a study to examine the longevity of supporting components in floating photovoltaic systems (FPS) [160]. This technique exposed materials to extremely corrosive environment in order to access its resilience to deterioration. This approach mimics of the harsh conditions that photovoltaic modules may experience especially in coastal or marine regions [161]. This kind of accelerated testing is used a valuable predictive tool for judging the lasting performance of different materials in certain environments [134]. Additionally, researchers from Panasonic's Sanyo subsidiary demonstrated a connection between damp-heat (DH) testing and field exposure for electrode corrosion in PV modules [135]. Damp-heating testing is a type of accelerated aging testing where PV modules are placed in controlled chambers with high temperature and humidity (85°C and 85% relative humidity) for prolonged periods (at least 1,000 hours) [135] [136]. By using this method, module durability can be predicted without having to wait for actual degradation over several years [137] [138]. There are setbacks while using accelerated aging testing and validation [139] [140] [15,16]. Weiß et al., emphasizes the limitations of accelerated aging tests for photovoltaic (PV) modules, indicating that these tests often focus on stress factors like humidity or temperature, alluding to capture the collective effect of real-world environmental situations [132]. Consequently, the actual degradation rates values are either overestimate or underestimate [132] [141]. Gunther, M. J.), found the same to be the case of validation in his experiment Design and Validation of a Led-Based Solar Simulator for Solar Cell and Thermal Testing [139].



Validation 
Validation is a technique that is used as a testing complementary for addressing ambiguity in the functioning and dependability of solar panel material and structure [142] [143]. Validation is performed through standardized procedures to ensure manufacturers meet industrial requirements [144] [145]. 
Böök et al, (2020), created a new direct normal irradiance (DNI) quality control method which is a validation technique to improve the reliability and longevity of solar panel, which was imperative for PV modeling [146]. The validation consisted of analyzing outputs of model vs actual performance data placed in high latitude [142].  The outcomes of the experiment denoted that featuring the direct normal irradiance quality control method enhanced the model's precision, indicating predictions that are more dependable for photovoltaic (PV) system performance in these regions [147]. Again, validation was used by Migliorini et al. (2017) when experimental test was performed on a photovoltaic system by collecting data on variables such as irradiance, temperature, and electrical output [148].  They then compared the simulated measurement with the empirical data to demonstrated accuracy of information. A validation procedure, which illustrated significant connection between the model's predictions and the experimental data was used to confirm model's accuracy in forecasting photovoltaic (PV) module performance in dynamic situations. Lisbona, E. F. (2003), used various validation method to ensure reliability and performance of solar cell in space application [177]. The validation method involved testing done mainly to predict the endurance of solar array versus parameters such as radiations, mechanical stress, and extreme temperature. These assessments are critical for detecting probable degradation mechanisms or corrosion that could negatively impact the structural reliability and efficiency of solar cells in space [149] [150].

Design and Structural Modifications
Material Selection and coating system
Selecting a material that is corrosive resistance is an important aspect of solar panel design [151] [152]. Work has been done to predict that; some materials can resist corrosion more than the others when constructing solar panel [153] [154].
For instance, research has shown that stainless steel demonstrated greater resistance to corrosion contrast to traditional galvanized steel [155] [156], subsequent showing significant improvement in the structural integrity and durability of the solar installations [157]. Conspicuously, the application of coatings on aluminum structures situated in coastal environments decreased corrosion rates by up to 50% [158]

Structural Reinforcements
Structural modifications are fundamental for inhibiting corrosion-induced failures in solar panels, especially reinforcements in mounting systems [159]. Correct structural design can enhance load-bearing capacities, enabling stability whereas reducing exposure to corrosive environment [160].
Fang et al. (2019), dives in the utilization of fiber reinforced polymer (FRP) composites in civil infrastructure, focusing on their applications in hostile conditions [161]. The study highlighted the intrinsic benefits of fiber reinforced polymer composites, which includes greater resistance to corrosion, making them more desirable for structural applications than traditional materials. The author also presented applications of fiber reinforced polymer composites in civil infrastructure, including truss and frame structures in high humidity areas, floating structures for solar panels etc. In another research performed by Hu et al., structural reinforcement was used to optimize performance and functionality of concentrated photovoltaic panel (CPP) structure built for integration into pavement systems [181]. After rigorous testing, the optimized structure met the optimum requirement. The work showed that the concentrated photovoltaic panel which was used for structural reinforcement was imperative for structural integrity.  The implementation of structural reinforcements can encounter constraints related to cost and material availability. While hybrid systems offer better performance, their higher costs may pose barriers to widespread adoption [162].

Design Configuration 
Novel design configurations for solar panels have appeared to be good solutions to minimize corrosion [163] [164]. Strategic positioning and panel spacing can lessen pooling of water and moisture retention on panel surface, which are noteworthy corrosion contributors [165].
Research suggests that placing the panel at an optimum angle with respect to the local climate is fundamental for inhibiting excessive gathering of moisture on solar panels [166] [167] [168]. In other studies, researchers found a sizable reduction in rate of corrosion up to 30% by just changing tilt angles [169] [170]. The results highlight the significance of altering solar panel installations to fit a specific climatic setting of a site to curtail corrosion risks. Again, elevation mounting of solar panel [171] is one of the techniques that may be used to prevent corrosion of solar panel. It reduces exposure to moisture, soil, and debris that can accelerate material degradation [172]. Elevation mounting of solar panel enables faster drying, thereby reducing the probability of corrosion by improving airflow around the panel [173] [174]. Again, elevation mounting of solar panel is one of the techniques that may be used to prevent corrosion of solar panel. It reduces exposure to moisture, soil, and debris that can accelerate material degradation [175]. Elevation mounting of solar panel enables faster drying, thereby reducing the probability of corrosion by improving airflow around the panel [176] [177]. Additionally, water collection inside the structural components is inhibited by this technique [178], this inhibition is critical because confined moisture can worsen the internal corrosion [176]. Elevation approaches is necessary for sustaining the structural reliability and durability of solar installations [179] [180]. A familiar limitation of design configurations is the dependence on regional meteorological data for ideal performance. The fluctuations in environmental factors across different regions can make difficult the application of generalized design suggestions [181] [29,30].

Conclusion 
Corrosion in solar panel is problematic due to the impact on durability and efficiency as well as cost maintenance of solar panel. There has been massive improvement regarding detective and preventive techniques. With processes such as structural alterations, limitations including cost, environmental monitoring, environmental limits, unique coatings, and the presence of standardized solutions. However effective corrosion management can be achieved by implementing complete strategy that incorporates modern materials, cutting-edge technology, and effective routine maintenance. More research needs to be conducted, concentrating on increasing the long-term dependability, lowering costs, and creating flexible solutions that can be adjusted to a variety of environmental circumstances to ensure guaranteed sustainable solar energy systems.
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