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Abstract: 

The purpose of this paper is to explore how artificial intelligence (AI) can transform renewable energy systems and 

grid management in the near future to meet the needs of society. The world's energy landscape is shifting toward 

renewable energy sources, which provides unprecedented opportunities to integrate AI technologies to enhance 

efficiency, reliability, and sustainability. A comprehensive analysis of current applications and potential future 

applications is presented in this study to examine how artificial intelligence will affect energy forecasting, grid 

optimization, predictive maintenance, and energy trading by presenting an analysis of both current and potential 

future applications. With renewable energy and smart grids becoming more complex each day, it seems there is an 

ever-growing need for AI-driven solutions. Several lines of research are emerging at the intersection of artificial 

intelligence and renewable energy, providing useful insights for policymakers, researchers, and industry 

practitioners. 
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1.0 Introduction 

Energy sources that are environmentally friendly and renewable are driving a transformation in the global energy 

market, which is displacing fossil fuels in a dramatic way. Despite the benefits of renewable energy, there are 

significant challenges associated with its use, including how to manage intermittent power and the complex modern 

grids. As Artificial Intelligence (AI) is increasingly used to address these challenges and to improve grid 

management, as well as to optimize solar energy systems, these challenges are increasingly being addressed. 

With artificial intelligence, the renewable energy sector will undergo more than just a technological advancement; it 

will undergo a paradigm shift in the way it produces, distributes, and consumes energy in the future. With artificial 

intelligence, large amounts of data can be processed, patterns recognized, and real-time decisions are made, which 

has a great deal of application to the dynamic nature of renewable energy systems as well as the complexity of 

modern power grids. 

This paper explores how AI can be used to manage renewable energy and the grid from a multifaceted perspective. 

To help you understand artificial intelligence's role in shaping the future of sustainable energy, we examine current 

applications, emerging trends, and future possibilities. 

2.0 Review of existing research 

Artificial intelligence has been extensively researched in recent years in relation to its use in managing renewable 

energy and grids and has received considerable attention. The energy sector has already demonstrated the potential 

for AI to transform the sector across a wide range of aspects, according to a number of studies. 

2.1 AI Techniques and Grid Management: 

Hu et al. (2022) explore the applications of artificial intelligence (AI) in renewable energy systems, emphasizing 

optimization, control, parameter identification, fault detection, and forecasting. This study shows how AI can be 

used to improve reactive power dispatch, optimize energy management, and detect faults more accurately using deep 

reinforcement learning, genetic algorithms, and neural networks. As part of the methodology, a comprehensive 

review of 17 peer-reviewed papers is conducted, focusing on smart grid data utilization and advanced artificial 

intelligence algorithms in the smart grid industry 
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Nguyen et al. (2024) explored the use of Explainable Artificial Intelligence (XAI) for the advancement of renewable 

energy systems. In this study, XAI was found to enhance transparency and accountability in machine learning models 

used for renewable energy optimization, thereby addressing the prevalent "black box" problem. An assessment of 

the effectiveness of existing XAI techniques in reducing carbon emissions and improving energy efficiency in 

renewable energy contexts was conducted through a systematic review of existing XAI techniques and their 

applications in renewable energy contexts. There is a significant gap in the adoption of XAI in renewable energy 

applications resulting from the lack of standardized datasets and evaluation metrics. Although XAI holds promise 

for improving decision-making processes in energy management, further research is essential to understand societal 

and ethical implications. 

Şerban et al (2020) explore how artificial intelligence (AI) can be used to optimize the renewable energy sector in 

Europe, particularly within the context of smart cities. This study highlights AI's potential for improving energy 

management, prediction, and integration of renewable resources, including solar, wind, and biomass. A number of 

AI technologies, such as machine learning, neural networks, and cognitive computing, can optimize energy grids, 

manage variable energy supplies, and improve forecasting accuracy to mitigate the intermittency of renewable 

energy sources. 

Rane (2024), generative artificial intelligence (AI), particularly ChatGPT, was examined as a potential means of 

enhancing renewable and sustainable energy systems. A significant improvement in efficiency and cost-effectiveness 

across a variety of renewable energy sectors has been found by researchers, including solar, wind, biomass, and 

hydropower. A key capability of ChatGPT is its ability to analyze, model, and forecast data in order to facilitate 

optimal solar panel placement, energy production predictions, and maintenance scheduling for wind turbines. An 

extensive review of AI applications in renewable energy was conducted, with a focus on intelligent energy storage 

and smart grid integration. Additionally, the study looked at how AI influences policy making and market dynamics 

related to renewable energy. The underutilization of AI's potential in addressing ethical concerns and ensuring data 

security within renewable energy systems is one of the notable gaps found. Optimal benefits and minimum risks can 

be achieved through responsible AI deployment, according to the research.  
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Olatunde et al. (2024) discusses machine learning's role in optimizing energy efficiency in buildings, industries, and 

transportation. AI's advantages, such as predictive energy management and the integration of renewable resources, 

are highlighted in the study along with challenges such as privacy and technical complexity. This methodology 

examines case studies, theoretical frameworks, and neural networks, emphasizing reinforcement learning and neural 

networks. It is essential to develop standardized data protocols and collaborate across disciplines to fully utilize AI's 

potential. Despite the potential for AI to transform society, further research on scalable, secure implementation 

strategies is needed. 

Ukoba et al. (2024) discuss the role AI plays in resource assessment, forecasting, and grid integration of renewable 

energy systems (RES). The study examines machine learning models, neural networks, and optimization techniques 

in order to demonstrate the potential of artificial intelligence to boost efficiency and reliability. As a result of the 

systematic review, data variability and interpretability of models were identified as challenges. It is important to 

focus on real-time, scalable AI applications for decentralized energy systems. In the future, smart grids and 

autonomous energy management will become increasingly dependent on explainable AI and reinforcement learning. 

The study recommends interdisciplinary research to fully leverage AI's potential in renewable energy. 

Bennagi et al. (2024), they examined over 150 studies on applying artificial intelligence (AI) to renewable energy 

systems. A review of the current state of AI in wind, solar, and geothermal energy systems identified the importance 

of machine learning, predictive analytics, and methods for optimizing these systems. There is a lot of potential in 

artificial intelligence when it comes to resource forecasting, system management, and predictive maintenance. In 

addition to integrating diverse data, algorithmic adaptability across regions is a challenge. There are still gaps when 

it comes to scaling AI for large datasets and addressing regional constraints, despite advances. Artificial intelligence 

will continue to drive improvements in efficiency, cost-effectiveness, and sustainability in energy systems in the near 

future.  

Wen et al. (2024) "AI-Driven Solar Energy Generation and Smart Grid Integration: A Holistic Approach to 

Enhancing Renewable Energy Efficiency," highlights how AI plays an essential role in optimizing solar energy 

generation and smart grid integration. Using machine learning algorithms such as Support Vector Regression (SVR) 

and Artificial Neural Networks (ANN) for estimating photovoltaic (PV) system performance is emphasized by the 
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authors. Convolutional Neural Networks (CNNs) and Long Short-Term Memory (LSTM) networks are used to 

predict PV performance and detect faults in the study. The use of Artificial Intelligence (AI) for MPPT and predictive 

maintenance has been shown to improve system reliability and tracking speed. There are scalability challenges, 

regulatory concerns, and ethical implications associated with widespread AI adoption in renewable energy. In spite 

of these obstacles, the review emphasizes the potential of AI to improve energy efficiency, reliability, and 

sustainability in solar energy systems linked to smart grids. 

Dinh et al. (2020) conducted a comprehensive review of home energy management systems (HEMS) that integrate 

renewable energy sources (RESs) and energy storage systems (ESSs). These findings demonstrate the effectiveness 

of particle swarm optimization (PSO) and binary particle swarm optimization (BPSO) algorithms in reducing energy 

costs and peak-to-average ratios (PARs). HEMS architecture uses main grid electricity and allows electricity selling, 

resulting in a 19.7% reduction in energy costs and further reductions with increased ESS charge/discharge rates. In 

this methodology, formulas are built to calculate energy cost and PAR, which are then optimized with PSO and 

BPSO. Electricity usage and sales amounts are determined by integrating real-time data from advanced metering 

infrastructure (AMI) and demand side management (DSM). A significant identified is a lack of detailed studies on 

the use of main grid electricity and the sale of electricity. In previous research, selling schedules and the impact of 

selling prices on the overall energy management strategy were not stressed and detailed schedules for selling 

operations were not provided. 

Hassan (2023) discusses how artificial intelligence can enhance America's sustainability and security in the 

renewable energy sector in the article "AI in Renewable Energy: Enhancing America's Sustainability and Security." 

It is found that artificial intelligence improves operational efficiency, sustainability, and security for renewable 

energy systems significantly. By maximizing the use of renewable energy resources, streamlining infrastructure 

maintenance protocols, and forecasting energy demand accurately, AI-driven strategies facilitate energy production 

and distribution efficacy. By using advanced AI technologies, such as machine learning, data analytics, and 

predictive modeling, vast datasets can be analyzed in real-time and intelligent decisions can be made. To improve 

grid reliability and energy production, these techniques are applied to fortify grid resilience against emerging threats 

and optimize energy consumption and production. It has been identified that smart energy systems need robust cyber 
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security measures to safeguard them against evolving cyber threats. The article emphasizes the necessity of 

implementing advanced security protocols to counter potential disruptions and breaches, emphasizing the 

vulnerability of energy infrastructure in an increasingly interconnected and digitalized world. 

Bose (2017) reviewed artificial intelligence (AI) applications in smart grids (SG) and renewable energy systems 

(RES), emphasizing AI's role in control, simulation, and diagnostics. A variety of techniques, such as expert systems, 

fuzzy logic, and artificial neural networks, can be used to detect faults, optimize systems, and make decisions in 

real-time. In addition to discussing new AI applications for wind energy systems and SG management, the 

importance of automation, predictive maintenance, and fault identification was emphasized. There are still 

challenges in scaling these AI applications for dynamic, real-time grid operations around the world, even though AI 

has improved SG efficiency and reliability. 

Ohalete et al. (2023) looked at solar and wind energy optimization using artificial intelligence (AI) and data science. 

Artificial intelligence-driven solutions can enhance efficiency, reliability, and sustainability of renewable energy 

systems, according to the authors. An examination of the intersection of AI and renewable energy is presented in this 

paper, highlighting emerging trends and innovations in solar and wind energy optimization. An overview of the 

technological, economic, and environmental impacts of artificial intelligence in the renewable energy sector is 

presented along with solutions and challenges. Standardization and regulatory frameworks also play an important 

role in AI-driven renewable energy. To conclude, the authors summarize AI's role in enhancing renewable energy 

and offer recommendations for policymakers and industry leaders. The comprehensive review provides valuable 

insights for researchers, industry professionals, and policymakers. 

Ning (2021) focused on the application of data-driven artificial intelligence (AI) for renewable energy systems based 

on AIoT (Artificial Intelligence of Things) technologies. AI-enabled algorithms for real-time grid system 

optimization are explored in three areas: fault prediction in photovoltaic systems and power transformers, remaining 

useful life (RUL) prediction in IoT-connected equipment, and fault prediction in photovoltaic systems and power 

transformers. Data-driven models are presented and their applicability in improving the efficiency of distributed 

energy resources (DER) are shown in the study, which highlights the benefits of combining artificial intelligence 

http://www.jetir.org/


© 2024 JETIR November 2024, Volume 11, Issue 11                                                           www.jetir.org (ISSN-2349-5162) 

JETIR2411616 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g207 
 

with the Internet of Things (IoT). In conclusion, AI-enabled Virtual Power Plants (VPPs) are introduced, which 

aggregate AIoT-powered DERs to manage large-scale power networks efficiently and reliably. 

Hossain et al. (2024) investigated artificial intelligence's application in managing decentralized renewable energy 

grids. An approach combining quantitative and qualitative data is employed by the authors, who interviewed 210 

professionals in the renewable energy and artificial intelligence industries. Although statistical analyses indicate no 

significant correlation between respondents' familiarity with decentralized grids and their perception of AI's role in 

managing decentralized energy grids, key findings suggest that respondents perceive AI to be beneficial in managing 

decentralized energy grids. The research highlights AI's potential for addressing grid reliability challenges, storage 

challenges, and integrating renewable energy sources. As well as identifying technical, operational, and policy 

issues, it also identifies other challenges that must be addressed to ensure success. As a conclusion, the study 

emphasizes the need for further research and stakeholder cooperation in order to fully explore AI's applications in 

decentralized renewable energy systems. 

Artificial intelligence is primarily used to improve energy forecasting accuracy in renewable energy. Due to the 

variable nature of renewable energy sources like wind and solar, traditional methods have limited their ability to 

predict output. Machine learning algorithms, particularly AI algorithms, have demonstrated superior abilities in this 

area. It was reported that the International Energy Agency [IEA], 2023] increased the value of wind power by 20% 

as a result of Google and DeepMind developing a neural network to increase the accuracy of wind power forecasts. 

The role of artificial intelligence in facilitating energy trading and market optimization is gaining a great deal of 

attention. A system of AI algorithms predicts energy prices, optimizes trading strategies, and manages decentralized 

markets. As well as improving the efficiency and performance of renewable energy sources, these applications are 

more cost-competitive and accessible (Forbes Business Council, 2023). 

2.2 Renewable Energy Optimization: 

Power grids are becoming increasingly complex with the emergence of distributed energy resources, which require 

more sophisticated management tools. The use of artificial intelligence can help grid operators optimize their 

operations, balance supply and demand, and enhance overall system efficiency. Studies have shown that AI-driven 
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grid management systems are effective in improving the integration of renewable energy sources into existing grids 

(World Economic Forum, 2022). 

Bale et al. (2024) published a comprehensive review of how Artificial Intelligence (AI) and the Internet of Things 

(IoT) can be integrated to optimize renewable energy systems. Using AI and IoT technologies significantly enhances 

the efficiency of energy production, distribution, and consumption, thereby reducing electricity costs and improving 

system resilience. In order to assess the impact of AI applications on renewable energy management and resource 

conservation, various AI applications were analyzed, including machine learning and deep learning. There is an 

important gap in addressing challenges related to data security, privacy, and the ethical implications of AI 

implementation in energy systems. A robust framework is essential to ensuring sustainable and secure integration of 

AI and IoT in renewable energy solutions, according to the authors. 

Rehman et al. (2020) conducted a comprehensive review and proposed an optimal power usage scheduling method 

for smart grids that incorporate renewable energy sources. An overview of the results, methodology, and gaps 

identified in their study is provided below. A hybrid heuristic algorithm (Genetic Algorithm, Wind Driven 

Optimization, and Binary Particle Swarm Optimization) for load scheduling and energy storage system management 

(LSEMC) significantly reduces electricity bill costs, peak-to-average ratios (PAR), and carbon emissions when used 

as the proposed load scheduling and energy storage system management controller (LSEMC). A hybrid algorithm 

(HGPDO), for example, reduced electricity bills by 58.69%, 47.55 percent, and 33.66 percent in different scenarios, 

and PAR by 52.78 percent, 45.02%, and 54.35 percent. There was also a substantial improvement in the user's 

comfort in terms of delay, thermal, air quality, and visual comfort. Home appliances and renewable energy sources 

like solar, wind, and controllable heat and power (CHP) systems can be scheduled using advanced optimization 

algorithms such as GA, WDO, and BPSO, as well as a hybrid of these algorithms (HGPDO). To reduce costs, 

optimize energy consumption, and minimize carbon emissions, this system uses heuristic algorithms to integrate 

real-time data. Several major gaps have been identified in energy management models, including those that integrate 

real-time pricing, renewable energy sources, and user comfort. The integration of multiple renewable energy sources, 

battery storage systems, and user comfort have been neglected in previous energy management studies, highlighting 

the need for a holistic view of what is needed for energy efficiency. 
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Abdalla et al. (2020) investigated the integration of energy storage systems and renewable energy sources using 

artificial intelligence (AI). A summary of their work provides an overview of findings, methodology, and gaps. The 

findings highlight the importance of ESS in stabilizing and enhancing power systems integrated with RES. Adaptive 

neuro-fuzzy inference systems and genetic algorithms, as well as particle swarm optimization and genetic 

algorithms, increase hybrid energy storage system performance significantly. With AI-based models, it is possible 

to optimize the sizing and operation of PV/wind/fuel cell hybrid systems, reducing total annual costs and ensuring 

reliable load meeting. Integrating ESS with RES reduces the intermittency of renewable energy, enhancing grid 

stability and smoothing power fluctuations. It involves an analysis of a variety of energy storage technologies 

including mechanical storage (pumped storage, compressed air, flywheel), electrical storage (batteries, 

supercapacitors), thermal storage, and chemical storage. To estimate parameters, optimize designs, and control the 

operation of these systems, AI techniques are employed by the authors. The review also discusses the application of 

AI to renewable energy system modeling, sizing, and control, particularly PV systems. The need for more advanced 

AI algorithms to handle the complexities of real-time energy management and the integration of multiple renewable 

energy sources is identified as a major gap. Several challenges are highlighted in this review, including predicting 

and scheduling renewable energy output, ensuring power quality, and maintaining operational safety. The report 

emphasizes the importance of addressing resource constraints, infrastructure limitations, and ESS and RES 

integration's economic viability. 

Ali et al. (2020) compiled a comprehensive review and proposed an energy management system that integrates 

demand response programs and renewable energy sources. Using hybrid heuristic algorithms (Genetic Algorithm, 

Particle Swarm Optimization, and Wind-Driven Optimization) the proposed smart appliance scheduler and energy 

management controller (ASEMC) significantly reduces energy bill costs, peak-to-average ratios (PAR), and carbon 

emissions. According to the hybrid algorithm, electricity bill costs were reduced by 25.7% and 35.25%, respectively, 

and PAR was reduced by 36.39% and 31.72%. Additionally, user comfort was substantially improved in terms of 

cumulative delay, indoor air freshness, thermal comfort, and visual comfort. Using advanced optimization 

algorithms, the methodology schedules home appliances and manages energy from renewable sources such as solar, 

wind, and combined heat and power (CHP). In order to optimize energy use and reduce costs, the system incorporates 

real-time data and employs heuristic algorithms like GA, PSO, WDO, and a hybrid of these (HGPDO). Currently, 
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there is not a universal mechanism for managing all aspects of energy usage, including energy bills, PAR, carbon 

emissions, and user comfort. Despite the fact that existing models often are scenario-specific, neither users nor 

distribution system operators (DSOs) are satisfied with them. 

Eze et al. (2024) examine solar-powered battery chargers in their study as an alternative energy source, emphasizing 

solar technology's potential for producing sustainable power. In this study, solar panels and batteries are compared 

to traditional sources such as generators and the national grid in terms of efficiency, battery performance, and 

charging techniques. Experimental data were used to compare charging rates and self-discharge rates over 49 days. 

The performance of solar-charged batteries is comparable to that of conventional batteries, with minimal voltage 

loss. Enhancing the efficiency of panels for broader applications is one of the identifies research gaps. The adoption 

of solar technology should be optimized in terms of cost-efficiency and scalability in the future. 

Kumar et al. (2021) reviewed energy management systems (EMS) for microgrids that use renewable energy sources 

(RES). The reliability, security, and cost-efficiency of microgrids have been improved by using optimization methods 

including mixed-integer linear programming, dynamic programming, and swarm intelligence. Existing methods, 

however, often fall short in addressing variability from weather and loads, as well as optimizing performance. To 

enhance the energy management system (EMS), this paper presents a modified grey wolf optimizer (MGWO) to 

minimize operational costs and improve energy dispatch under variable conditions. In comparison with traditional 

approaches, this methodology focuses on hybrid systems with renewable energy and storage. 

Mohammed et al. (2020) conducted a comprehensive review on energy management and renewable energy 

integration in smart grids. Here is a summary of their findings, methodology, and gaps. The findings emphasize the 

importance of integrating renewable energy sources into smart grid systems to enhance energy efficiency, reduce 

costs, and enhance reliability. They discuss smart metering, demand response programs, and advanced control 

systems. By integrating renewable energy sources like solar PV and wind energy, the need for extra generators can 

be reduced, power quality can be improved, and customer satisfaction can be increased. Also included in the review 

is the role that smart energy management systems (SEMS) play in optimizing energy use, reducing peak demand, 

and lowering carbon emissions. This methodology consists of a thorough review of recent literature on smart grid 

systems, with a particular focus on renewable energy integration, distributed generation, and smart grid technologies. 

http://www.jetir.org/


© 2024 JETIR November 2024, Volume 11, Issue 11                                                           www.jetir.org (ISSN-2349-5162) 

JETIR2411616 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org g211 
 

The authors analyze various management objectives, including energy efficiency, improving demand profiles, 

optimizing costs, and reducing emissions. Mixed integer nonlinear programming (MINLP) and multi-period 

alternative current optimal power flow (OPF) algorithms are employed to minimize energy losses and optimize 

demand profiles. As a result of the intermittent nature of renewable energy sources and the limited integration of 

renewable energy into existing grid infrastructure, a significant gap has been identified. As a means of overcoming 

these challenges, the authors emphasize the importance of advanced communication technologies, smart metering 

infrastructure, and real-time energy management systems. As a result, they emphasize a need for more research into 

smart grid control, distributed generation, and demand response in order to ensure that smart grid systems operate 

reliably and efficiently. 

Rathor et al. (2024) discussed energy management systems (EMS) for smart grids, addressing the integration of 

renewable energy sources, electric vehicles, and energy storage systems. According to the findings, effective EMS 

can improve the reliability, security, and efficiency of power systems by coordinating energy sharing among various 

sources and managing demand-supply balance. An analysis of existing literature was conducted using a critical 

review approach, focusing on optimization techniques and stakeholder involvement. There is a need for 

comprehensive strategies that address the uncertainties associated with renewable energy production and the 

integration of diverse energy sources. EMS performance in real-time applications can be improved using advanced 

optimization algorithms, according to the review. 

Javaid et al. (2020) conducted a comprehensive analysis of renewable energy sources and proposed an energy 

management control system for smart grids. In addition to reducing electricity costs and peak-to-average ratio (PAR), 

the proposed HEMCS also integrates renewable energy sources (RESs) and energy storage systems (ESSs). Among 

the algorithms used in our scheduling system are genetic algorithms (GA), binary particle swarm optimizations 

(BPSO), wind-driven optimizations (WDO), and genetic WDO algorithms. Using the proposed scheme, electricity 

costs can be reduced by up to 48%, PAR can be reduced by up to 37.69%, and voltage rise problems can be avoided 

in areas with high renewable energy penetration. As part of the demand side management framework, a HEMCS 

with an energy management control unit (EMCU) is designed to schedule household appliances. It is possible to 

categorize appliances into smart appliances (SAs) and traditional appliances (TAs), with the SAs being further 
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divided into power elastic, time elastic, and essential appliances. Using a real-time pricing scheme (RTP) and 

inclined block rate scheme (IBR), the system calculates energy costs and defines a feasible region using a multiple-

knapsack problem formulation to control demand under grid station capacity. A significant gap identified is the 

difficulty of handling intermittent renewable energy sources and the need for comprehensive solutions that 

incorporate all aspects of energy management, including user comfort, batteries, and real-time pricing. There has 

been a lack of attention to key factors such as energy trading between consumers, comfort, and the influence of real-

time pricing on load scheduling in previous works. It emphasizes the importance of advanced optimization 

techniques and cooperation among renewable energy generating consumers in order to mitigate the stochastic and 

intermittent nature of RESs. 

As distributed energy resources become more prevalent, power grids become increasingly complex, requiring 

sophisticated management tools. Artificial intelligence can optimize grid operations, balance supply and demand, 

and improve overall system efficiency. According to several studies, grid management systems based on artificial 

intelligence can better integrate renewable energy sources into existing grids (World Economic Forum, 2024). 

A growing number of renewable energy companies are relying on AI-powered predictive maintenance. The use of 

machine learning algorithms enables us to predict equipment failures and optimize maintenance schedules based on 

data collected from sensors and historical performance records. By using this approach, renewable energy assets can 

be maintained more efficiently, reduced maintenance costs, and extended in terms of lifespan (Forbes Business 

Council, 2023) 

3.0 Methodology 

Using artificial intelligence to manage renewable energy and grids, this study reviews relevant literature and analyzes 

recent advances. In order to implement this method, the following steps need to be followed: 

1. A systematic review of peer-reviewed papers, industry reports, and case studies published within the past eight 

years, using a systematic methodology. 2017 – 2024. 

2. A study of how AI can be used to analyze real-life problems such as the use of renewable energy projects and grid 

management systems that are based on AI. 
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3. An overview of some of the key trends, challenges, and future directions related to renewable energy optimization 

and grid management using AI techniques. 

 4.0 Results and Analysis 

Following the analysis of the data collected and literature, the following key findings were identified based on the 

analysis of the data and literature: 

4.1 Enhanced Forecasting Accuracy 

There is significant improvement in accurate energy forecasting through the use of AI-driven forecasting models 

when it comes to renewable energy. It has been found that a system developed by Google that uses artificial 

intelligence to forecast wind energy has increased the value of wind energy by 20% by making better 36-hour 

forecasts. Due to the increase in forecasting accuracy, grid stability and market operations will be greatly improved 

as a result of this improvement. 

4.2 Improved Grid Stability and Efficiency 

The remarkable capabilities of AI algorithms allow grid operations to be optimized as a result of their remarkable 

capabilities. Smart grid management systems that are powered by artificial intelligence can be used to predict and 

respond in real-time to fluctuations in energy supply and demand as a result of using systems that are powered by 

smart grid management systems that are powered by artificial intelligence. As a result, power distribution systems 

can become more reliable and efficient. The use of artificial intelligence in predictive maintenance has been reported 

by some utility companies as being able to reduce power outages by up to 30% when AI is enabled in the maintenance 

process. 

4.3 Cost Reduction and Increased Reliability 

The implementation of artificial intelligence in predictive maintenance has led to a significant reduction in the cost 

of renewable energy assets as well as an increase in their reliability thanks to the use of artificial intelligence. Studies 

have shown that AI-driven predictive maintenance could increase productivity by up to 25%, reduce breakdowns by 

up to 70%, and reduce maintenance costs by up to 25% when used in conjunction with conventional maintenance. 
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4.4 Facilitation of Decentralized Energy Systems 

AI has become one of the most powerful enablers for the development of decentralized energy trading platforms, 

and as such, it is playing a crucial role in aiding the development of such platforms. With these systems, energy 

distribution can be more efficiently managed, thereby allowing renewable energy to be more affordable as well as 

more readily accessible to consumers as a result of its improved efficiency (Forbes Business Council, 2023). 

4.5 Challenges and Limitations 

Though there is great promise in the benefits of integrating AI into renewable energy systems, there are a few 

challenges to overcome: 

1. Data quality and availability: It is essential to have a high quality and quantity of data when developing artificial 

intelligence models because they are highly dependent on them. 

2. Expertise gap: If the implementation is to be successful, it is essential to possess an in-depth understanding of 

energy systems and expertise in artificial intelligence. 

3. Constraints in terms of ethical and regulatory considerations: The use of artificial intelligence in critical  

5.0 Conclusion 

The use of artificial intelligence will certainly play a significant role in the future of renewable energy systems and 

grid management, representing a significant advancement in addressing the challenges of a sustainable energy future. 

In order to improve the efficiency, reliability, and affordability of renewable energy sources, artificial intelligence 

will be used to enable prediction, optimization, and forecasting. 

Technology advancements are likely to give artificial intelligence a central role in shaping the future of energy 

systems. The potential of AI in the energy sector will only be maximized through continuous research, infrastructure 

investment, and collaboration between technologists and energy professionals. 

Increasing data quality and closing the expertise gap are essential to addressing the identified challenges. Artificial 

intelligence is advancing rapidly and it is crucial to examine how it will impact energy markets and consumer 

behavior in the long run, in order to develop comprehensive renewable energy strategies for the future. 

http://www.jetir.org/
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