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Abstract-The primary aim of this work is to analyze the current advancements in artificial intelligence (AI) methodologies and tools pertaining to the management, maintenance, and regulation of renewable energy systems (RES), with a particular focus on solar power systems. The findings would enable researchers to advance existing technology and potentially use established and effective methods in the development of AI-driven renewable energy systems, particularly in solar energy. We analyzed a range of peer-reviewed scientific publications to assess the status and progress of AI techniques in the domain of renewable energy systems, specifically in solar energy systems. The Artificial Neural Network (ANN), the Back propagation Neural Network (BPNN), the Adaptive Nero-Fuzzy Inference System (ANFIS), and the genetic algorithm (GA) are some of the most common and well-tested theoretical and experimental AI methods. The results of this review indicate the extensive use of these methodologies in various forms of solar forecasting. Nonetheless, ANN emerged as the superior strategy among these options. Artificial neural networks have distinct advantages over their competitors, including reduced computation time, enhanced accuracy, and superior generalization capabilities compared to alternative modeling techniques. This would result in cost efficiency compared to alternative modeling methodologies.
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I. INTRODUCTION
Previous studies have shown the efficacy of RES in addressing energy insufficiency. Renewable energy (RE), in contrast to conventional fuels, provides sustainable energy to residences with negligible carbon emissions [1-3].
Significantly, numerous studies have demonstrated that utilizing renewable energy sources reduces greenhouse gas (GHG) emissions in the environment [4–5].

RES encompass systems that produce power from natural resources. It encompass energy from sunlight, hydro power, geothermal heat, wind energy, biomass from plants, ocean waves, and ocean thermal energy conversion (OTEC), which utilizes temperature differentials in marine environments. Renewable can effectively replace fossil fuels and meet current and future worldwide energy needs when used in a cohesive way [6].

Solar power is a green source of energy that harnesses solar radiation and transforms it into electrical power. Various authors document the extensive use of solar energy in both developed and developing countries. As of the end of 2023, the total solar capacity across all countries will be at least 1600 gig watts. China possesses the largest quantity of solar power installations among all advanced nations. Advanced economies perceive the extensive implementation of solar power as a remedy for the challenges faced by countries lacking electrical access, particularly in rural regions.

A. Renewable Energy Aspects: Technical, Social and Environmental

Numerous studies on the ecological, technological and social feasibility of RES have established it as a viable option for future use.
Aneep et al. comprehensively examined the ecological and technological implications of implementing RES. The perks or advantages of utilizing green energy in contrast to conventional fuels were outlined. In addition to these benefits, RES offer other advantages, including their inexhaustible supply, ample availability, and absence of fuel costs.
B. The Necessity of AI in Renewable Energy Systems

The utilization of RES has also progressed and developed. Opportunities persist in the use of advanced intelligent systems, specifically AI to tackle current evolving challenges and prospects in electrical energy management, preservation, or control of green power sources and PV systems [7-8].

AI has numerous uses across various domains, including the power domain, food, farming, learning, security, health, and artistic endeavors [30]. Prior to the advent of AI, fundamental decision-making in RES encompassed information gathering or scrutiny processes [9–10]. 

The review's primary goal is to analyze cutting-edge AI approaches and technologies used in the management, preservation, and regulation of RE, with a particular emphasis on solar energy. The most recent review on AIs was published in [11]. The outcomes of this study will enable researchers to advance existing technology and perhaps apply established and effective methods in the development of AI-driven RES.

II. METHODOLOGY
As a way to find significant and important results from research in artificial intelligence (AI), especially in the area of managing, preserving, and regulating solar energy generation systems, the authors looked at relevant reports from the last ten years and read articles from reputable journals. This study examined contemporary trends in artificial intelligence as applied to renewable energy, with a particular focus on solar power systems. This study also examined various strategies for utilizing artificial intelligence to enhance the performance and efficiency of solar power systems. This literature review examines AI methodologies and provides a descriptive study of renewable energy methods, including PV energy.

III. RESULTS AND DISCUSSIONS
A. General Uses of Artificial Intelligence (AI)

AI is a discipline within the fields of engineering and computer science dedicated to the development of intelligent technologies, gadgets, and systems that execute tasks equivalent to cognitive decision-making and learning. It may alternatively be characterized as the capacity for a system to accurately interpret external inputs, and apply the acquired knowledge to achieve specific objectives and tasks through adaptable methods [12].

AI can be succinctly explained as the endowment of computers with the capacity to process data as well as make decisions, analogous to human cognition in evaluating and responding to received information as necessary. It is employed to enhance the intelligence of machines or enabling them to execute actions precisely for intricate challenges [13-14]. Nevertheless, it has not yet attained the full scale of knowledge exhibited by the mankind brain. It invariably evokes thoughts of robots. Machines can only emulate human behavior if they possess extensive data regarding their surroundings. Machines require substantial and accurate knowledge to comprehend their surroundings and address complex issues. 

For AI to function effectively and deliver value, it requires IoT systems consisting of sensors along with additional data-collection instruments to acquire the necessary information from its environment. The obtained data is kept with appropriate setups and analysed. The capability of systems to collect hundreds or thousands of millions of data points from outside sources and store them in databases complicates the processes of data storage and analysis. The obtained data are typically in analogue formats, frequently sourced from the environment, and consist of text or numerical values. Environmental data encompassing temperature and humidity constitutes an additional category of information. 

Artificial intelligence employs strategies and procedures that enable a computer, device, or robot to interpret the information it collects and processes. Machines are programmed to autonomously learn from available information and adapt to relevant environmental stimuli. 
This technology used in the gadgets, equipment, or systems utilizes IoT, massive amounts of information. 
For a gadget, or technology to completely replicate whole facets of a mankind, it must possess all essential traits. 

AIs are categorized as logical, mankind-inspired, and humanized AI. The subsequent are their definitions: 
• Logical AI –They generate cognitive representations of the ecological and learn from chronicled data to inform future decisions; 
• Human-inspired AIs–It can understand and analyse human emotions to enhance decision-making for more human-like AI; 
• Humanized AIs - Such systems are engineered to exhibit self-awareness in their interactions with others.

B. Applications and Techniques of Artificial Intelligence 

AI enhances contemporary work practices, particularly in the transition from manual calculations. Numerous research has demonstrated the application of AI in medical, healthcare, financial databases, and game development [15-18]. 


Artificial intelligence is widely utilised in agriculture, particularly in the domains of rice disease management, crop management, insect control, product monitoring, land and water management, control of weeds, and forecasting yields, among others [19-20]. 

In medicare, evaluating visualisation is assumed as top field where this is predominately applied in investigations, trailed by genomics. 
In medical treatment, It has significantly advanced the comprehension of diseases, particularly in the domains of oncology, cerebrovascular disorders, and cardiology. AI techniques are frequently employed to identify and diagnose early indicators of diseases, facilitate treatment, predict outcomes, and assess prognosis [29-30]. Numerous studies have demonstrated that AI may be utilised in biometrics and forensics [21-23]. The potential uses of AI appear to be limitless.

1. Artificial Intelligence Instruments and Approaches
Artificial Intelligence was established based on several learning theories. This encompasses adaptive learning, learning with statistics, and neuronal learning [24-25]. ANN and SVM are both predominant algorithms utilised in several scholarly publications [26]. Additional algorithms encompass linear regression (LR), Nearest Neighbor, Naïve Bayes, Logic Regression, randomly generated forests, Decision Trees, and Hidden Markov models [27].
2. Support Vector Machines

Support Vector Machines (SVMs) are commonly employed to categories things into two distinct groups, utilizing related learning methodologies to develop models. The data are examined and utilized for categorization and regression modeling. Support Vector Machines (SVMs) can effectively do classification that is non-linear by a method known as the kernel trick, which involves mapping inputs into high-dimensional feature spaces. 
Classification tasks are inherently complex and necessitate sophisticated structures for optimal object separation [28].
3. Neural Network
Numerous investigations were undertaken in Neural Networks, particularly in ANN.
ANN was established in 1944 by Pitts and McCulloc. ANN is regarded as the prominent artificial intelligence technology based on the numeric model of the mankind’s brains fundamental cell (neurone). The mind activates when the weighted total of inputs exceeds the target value, prompting the output to respond to the active functions.
It adjusts the parameters to rectify the outcome errors, rendering it a highly effective instrument for machine learning. 

C. Artificial Intelligence within RES
RES are advancing through the integration of intelligent technologies like IoT and AI, enhancing their robustness and responsiveness. Artificial intelligence technologies are currently employed across all renewable energy systems, including solar, hydroelectricity, wind power, ocean, geothermal energy, and photovoltaic solar energy systems, among other technologies. The integration of AI in RES has demonstrated that technologies such as solar panels, photovoltaic systems, and wind farms have grown more affordable and efficient, hence increasing their prevalence and potentially eliminating conventional fuel-based power stations.

The following is a list of the various artificial intelligence techniques that are currently being utilized in RES. These techniques include SVM, BPNN, GA, radial basis function neural networks (RBFNN), adaptive neurons-fuzzy inference system (ANFIS), seasonal autoregressive integrated moving average (SARIMA), ANN, historical similar mining (HISIMI), SVM, radial basis function (RBF), autoregressive integrated moving average (ARIMA) and group method of data handling neural network (GMDHNN). Each of these techniques is being utilized in RES. It was determined that ANN was the most effective of these methods [29].

Among these strategies emerged an improved adaptable one, the ANN. It has distinct advantages over competitors, including reduced computation time, enhanced accuracy, and superior generalisation capabilities compared to alternative modeling techniques. This would result in cost efficiency compared to alternative modeling methodologies. The study encompasses several applications of artificial neural network techniques across diverse domains, including medical, engineering, science, environmental studies, farming, mineral extraction, technology, the weather, business, artistic endeavours, and the field of nanotechnology among others.
 
This article evaluates the contributions of artificial neural networks, compares their performances, and examines the methodologies employed. Neural network designs, including feed-forward and feedback propagation simulated neural systems, demonstrate superior efficacy in addressing problems. 
It concluded that ANN systems are optimal for analyzing data parameters such as precision, processing rate, delay, tolerance for faults, quantity, scalability, convergence, and effectiveness. 

1. The use of AI in PV  power
The significance of AI in solar power production is elaborated in various review articles.

The AI-driven research by Mellita et al. emphasises the development and design of photovoltaic, or PV, systems, seen as a critical factor. As stated, AI approaches are employed in numerous applications. A prevalent application is the modeling, forecasting, and prognosis of solar radiation. Among the several strategies presented in the solar power literature, the use of ANN emerged as the most frequently utilized method, as indicated by the published studies [30-32]. 

These investigations have established correlations of 97-98% and 92-95% among the actual and anticipated solar radiation levels on sunny and overcast days, respectively. Numerous studies have employed BPNN to forecast radiation from sun light, heating systems, sun irradiation, and maximum power predictions for HCPV 
ANFIS was employed in modeling photovoltaic energy supply, predicting continuous worldwide irradiance, assessing the green index, forecasting illumination, modeling solar energy supply, and evaluating SCPP performance. Instances occurred in which a combination of many methodologies was employed to get optimal outcomes in forecasts, approximations, and predicting. The RMSE is commonly employed for assess the discrepancies among the projected scores of a project and the actual estimated values in a sample or population. 
This metric is commonly employed to calibrate project performance in fields like metage or the aspect of air. Table 1 presents a summary of artificial intelligence techniques employed in diverse solar energy applications.
TABLE 1: AI TECHNIQUES USED IN VARIOUS SOLAR ENERGY APPLICATIONS
	Authors
	Year
	Techniques
	Applications

	Belu R

Mellit et. al

Amirkhani et. al

Zheng J et. al
	2013

2008

2015

2013
	ANFIS
	Modelling of photovoltaic energy supply, continuous worldwide irradiance forecasting, greenness index analysis, radiation estimation, solar power forecasting, and performance prediction of solar concentrated power plants.

	Mellit et. al 

Abiodun et. al
	2010

2018
	ANN
	Forecast of average temperature



	Ahmadi et. al

Rodriguez et. al

Russel et. al
	2020

2018

2016
	BPNN
	Prediction of solar irradiance, heating systems, beam illumination, regular optimum temperature, HCPV.


	Sen et. al

Lin et. al

Kumar et. al

Monterio et. al


	2001

2008

2015

2013
	GA
	Tracker enabled with sun radiation, the modeling of solar powered heater, Determination of Angström equation coefficients, and solar cells.



	Ogliari et. al
	2013
	GA+GMDHNN
	Optimization of solar power systems

	Li et. al

Olatomiwa et. al
	2016

2015
	BNN and Regression Methods
	Prediction of global solar radiation

	Rezaei et. al
	2018
	GA+HISIMI
	Prediction of solar power

	Ramezanizadeh et. al
	2019
	RBFNN+WT
	Prediction of PV energy

	Bouzerdoum et. al
	2013
	SVR, BPNN
	PV energy prediction


2. Use of AI in Solar Microgrid Applications

These are deemed important in solar microgrid implementations. The findings are summarized in Table 2.
TABLE 2: SOLAR MICROGRID AI METHODS SUMMARY
	Author
	Year
	AI Methods
	Application
	Results

	Rodrígue et. al
	2018
	ANN
	Prediction of the sun's rays output
	The discrepancy between predicted and actual output ranged from 0.5% to 9%.

	Navya et. al
	2017
	ARIMA time series analysis algorithm utilising continuous data
	Forecasting electric usage in a solar photovoltaic microgrid community
	A correlation existed between the expected and actual values. 



	Mallesham et. al
	2012
	BFO, PSO and GA
	Switching of the critical indices in autonomous production control within microgrids
	BFO is better than others.

	Cabrera et. al
	2016
	ML (Machine learning)
	Forecasting the productivity of solar microgrids


	Predicted vs real findings yielded accuracies of 83% and 74% for the morning and evening periods, respectively. 

	Kofinas et. al
	2018
	Fuzzy system and Q-learning algorithm
	Energy management
	Demonstrated effective aspects of fuzzy operated system.


IV. CONCLUSION
This study presents applications of AI across various industry sectors, including medical, farming, schooling, firms, and government, particularly in the introduction section. Various journal articles examined AI applications and strategies in renewable energy systems (RES).
Many writers employed multiple AI methods. The predominant methods employed in solar energy include ANN, BPNN, ANFIS, and GA. These methodologies are extensively employed in various forms of solar forecasting as indicated by the results of this review. ANN emerged as the most superior of these methodologies. ANN has distinct advantages over competitors, including reduced computation time, enhanced accuracy, and superior generalisation capabilities compared to alternative modeling methods. This would result in cost saving compared to alternative modeling methodologies. 
Future endeavours in AI will integrate many methodologies to enhance the precision of prediction models, particularly in solar illumination forecasting. 
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