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Abstract :- By 2050, numerous nations around the globe aspire to rely solely on renewable energy 
sources. The integration of artificial intelligence has proven to be immensely influential in various 
engineering disciplines, with renewable energy systems being a key beneficiary. The utilization of AI and 
machine learning in the realm of renewable energy could be one of the most transformative applications 
of technology, given that renewable and solar energy must more than triple in their share of the world's 
power supply by 2050 to meet climate neutrality targets. The convergence of cutting-edge artificial 
intelligence with renewable energy holds the promise of revolutionizing the global energy landscape, 
expediting the transition to clean and sustainable power sources. This paper conducts a comprehensive 
investigation and analysis, delving into the dynamic interplay between artificial intelligence and 
renewable energy technology. It closely examines the current adoption of renewable energy, emphasizing 
the urgent requirement for advanced technology to address prevailing challenges in energy generation, 
storage, and distribution. Furthermore, the paper explores the diverse applications of AI in various 
renewable energy sources, including solar, wind, hydro, geothermal, and biomass. These AI 
implementations have the potential to enhance power grid efficiency, facilitate demand response, and 
simplify the integration of distributed energy resources. The investigation thoroughly assesses these 
aspects, identifying research gaps, potential hazards, and prospective developments for AI-driven 
breakthroughs in the renewable energy. This research paper contributes to building a resilient and 
sustainable energy future by harnessing the synergistic potential of AI and renewable energy 
technologies. It highlights the transformative possibilities that AI brings to the renewable energy sector, 
paving the way for a greener and more environmentally responsible world. 
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1. INTRODUCTION 

Energy derived from sources that can be naturally renewed over a human period is referred to as 
renewable energy. Sunlight, wind, the flow of water, and geothermal heat are examples of renewable 
resources. Despite the fact that the majority of renewable energy sources are sustainable, some are not. 
For instance, certain biomass sources are deemed unsustainable at the rate at which they are being used. A 
lot of times, heating, cooling, and electricity are produced using renewable energy. Large-scale renewable 
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energy projects are usual, but they are also suitable for rural, isolated, and developing nations, where 
energy is frequently essential for human growth. In order to maximise the benefits of electricity, 
renewable energy is frequently used in conjunction with additional electrification. Electricity can convey 
heat or items effectively and is clean at the point of use. Nearly all energy was renewable before coal was 
developed in the middle of the 19th century. More than a million years ago, conventional biomass was 
used to fuel fires, which is the earliest known application of renewable energy. It took many hundreds of 
thousands of years until the use of biomass for fire was widespread. Harnessing the wind to power ships 
over sea is perhaps the second-oldest application of renewable energy. Around 7000 years ago, this 
practise was used by ships in the Persian Gulf and on the Nile. Geothermal energy is derived from hot 
springs and has been utilised for space heating and bathing since Paleolithic times.From the beginning of 
recorded history till now, the main sources of traditional renewable energy have been human labour, 
animal power, water power, wind, and firewood, a traditional biomass. 

By 2035, the Biden administration wants to completely phase out fossil fuels as a source of energy in the 
United States. By 2030, the White House established a goal of producing 80% renewable energy, and five 
years later, 100% carbon-free power. It is more important than ever to make a quick switch to renewable 
energy. Communities, businesses, and ecosystems all around the world are already suffering as a result of 
climate change, which is being caused by the burning of coal, oil, and gas. Moving to an energy system 
based on renewables and storage is the simplest, fastest, and most efficient approach to reduce greenhouse 
gas emissions and give ourselves the best chance of kicking climate change's butt. Here are several 
motivating nations that are reducing their emissions through creative integrations of renewable resources 
and effective, focused strategies. 

Table 1: Reenable Energy at various country 

Country Description 
Sweden Eight years earlier than expected, Sweden achieved its goal of 50% renewable energy in 2012. This puts them on 

schedule to meet their 2040 objective of producing all of their power from renewable sources.  
Costa Rica This nation for more than seven years running, has produced a staggering 98% of its power from renewable 

sources. They probably will in 2022 as well. To complete its tasks, Costa Rica combines hydro, geothermal, 
wind, biomass, and solar energy. 

Scotland Scotland met over 97% of its power demand from renewable sources in 2020. Only 37% of the nation's energy 
needs were met by renewable sources in 2011. The best thing is that they don't appear to be slowing down. The 
Scots' next goal is to have net-zero emissions by 2045. 

Iceland Nearly all of Iceland's electricity requirements are met by a mix of geothermal and hydropower. In actuality, 
90% of dwellings are heated by geothermal energy.  

Germany With objectives of 80% renewable electricity by 2030 and nearly 100% by 2035, renewables are at the centre. 
For the first half of 2022, 49% of their energy came from renewable sources. 

Uruguay Uruguay will produce 98% of its power from renewable sources in 2021 after a 20-year effort. With the addition 
of wind, solar, and biofuels, hydropower accounts for the bulk of this.  

Denmark In 2017, 43% of Denmark's electricity demand was met by wind and solar energy, which provides more than half 
of the country's electricity.   

China In terms of producing wind and solar energy, China is the global leader. They're also one of the top investors in 
renewable energy globally, aiming to produce a third of their energy from renewable sources by 2025. 

Morocco Morocco is already a global leader in solar energy because to the strength of its abundant sunshine. The Noor-
Ouarzazate complex in the Sahara Desert is now home to the largest concentrated solar farm in the world. A city 
twice the size of Marrakech could be powered by the farm, which is the size of 3,500 football fields.In terms of 
producing wind and solar energy, China is the global leader. They're also one of the top investors in renewable 
energy globally, aiming to produce a third of their energy from renewable sources by 2025. 

New Zealand Currently, renewable sources provide 84% of the power in New Zealand.  Have a "carbon-neutral economy" by 
2050 and 100% renewable power by 2035. 

Norway Hydropower accounted for the majority of Norway's 98% renewable electricity output as of 2016. It is 
understandable how this natural resource has been a crucial component of Norway's power profile as they have 
been using it to generate electricity from rivers and waterfalls since the late 1800s. Additionally, thermal and 
wind energy have been incorporated into the mix throughout time. 



 

 

 

                         Fig 1 Top Ten Renewable Energy Producing Center 

 

 

Table 2. Various Renewable Energy Source 

Renewable 
Energy 
Source Description AI Applications 

Solar Energy 

Utilizes photovoltaic or solar thermal systems 
to collect solar energy and convert it into 
electricity or heat water. 

- Solar forecasting for accurate irradiance 
anticipation 
Intelligent solar tracking for optimized panel 
orientation 

Wind Energy 
Harnesses wind's kinetic energy to generate 
electricity using wind turbines. 

- Wind power prediction for improved energy 
conversion 
 Turbine control optimization for maximizing 
power production 
 Intelligent wind farm layout design 

Hydroelectric 
Energy 

Uses falling or flowing water to move turbines 
and generate electricity. 

AI for optimizing power generation and 
algorithms 
 Control of water flow 
 Reservoir level forecasting 

Geothermal 
Energy 

Uses Earth's heat for electricity or 
heating/cooling through geothermal power 
plants and heat pumps. 

Resource evaluation and exploration 
Reservoir behavior prediction 
Optimized power plant operation 
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Renewable 
Energy 
Source Description AI Applications 

Biomass 
Energy 

Utilizes organic resources like agricultural 
waste and wood for heat or power generation. 

Intelligent biomass conversion 
Biofuel production optimization 
Effective biogas generation 

Ocean 
Energy 

Utilizes tidal, wave, and ocean thermal energy 
conversion to generate electricity. 

Wave and tidal energy forecasting 
Wave energy converter optimization 
Intelligent control techniques 

Hydropower 
Energy 

Utilizes water's potential energy in reservoirs 
with turbines to produce electricity. 

- Intelligent dam operation 
Real-time river flow and reservoir level 
prediction< 
Effective turbine management 

Bioenergy 
Consists of biomass-fired power plants and 
biofuels made from organic matter. 

Intelligent biomass conversion 
 Biofuel production optimization 
 Efficient biogas generation 

Hydrogen 
Energy 

Produces hydrogen through electrolysis using 
renewable energy sources. 

- Hydrogen storage management 
Fuel cell performance improvement 
Efficient hydrogen electrolysis 

Biogas 
Generated through anaerobic digestion of 
organic material for energy or clean fuel. 

Effective biogas generation and process 
optimization 

Wave Energy 
Harnesses ocean waves with converters to 
produce power. 

Wave and tidal energy forecasting 
Wave energy converter optimization 
Smart control methods 

Geothermal 
Heat Pumps 

Uses Earth's constant temperature for heating 
and cooling buildings. Intelligent control and optimization 

Algae 
Biofuel 

Grows algae for high oil content biofuels like 
biodiesel. 

- Growth condition monitoring<br>- Strain 
selection with high oil content<br>- Algae 
culture optimization 

Concentrated 
Solar Power 

Concentrates sunlight onto a receiver to 
generate high-temperature heat. AI for concentrated solar power optimization 

Offshore 
Wind Energy 

Collects wind energy at sea with offshore wind 
farms. 

Turbine performance improvement 
Wind pattern anticipation 
 Efficient wind farm design 

Solar Water 
Heater 

Uses sunlight to heat water for homes and 
businesses. 

Intelligent control and optimization based on 
demand and weather 

Thermal 
Energy 
Storage 

Stores thermal energy for flexible energy 
systems. 

Intelligent administration and optimization of 
stored energy 

Waste-to-
Energy 

Turns solid waste into energy, reducing landfill 
waste. 

Smart garbage sorting and conversion 
operations 

Piezoelectric 
Energy 

Converts mechanical stress or vibration into 
electrical energy. 

Optimization of materials and systems for 
energy harvesting 

 



AI offers numerous benefits to renewable energy firms, ranging from production optimization to 
demand forecasting. For instance, AI can aid solar and wind farms in predicting optimal 
electricity production times by analyzing historical weather data. The integration of artificial 
intelligence has the potential to revolutionize the renewable energy field. Here are some ways AI 
might shape the future of renewable energy: 

1. Enhanced Efficiency: AI's utilization in renewable energy brings heightened 
effectiveness. Artificial intelligence can identify patterns and trends to optimize 
renewable energy systems. It enables strategic placement of solar panels for maximum 
energy output and anticipates maintenance needs, preventing potential issues. 

2. Enhanced Safety: AI contributes to improved safety in renewable energy operations. By 
automatically halting operations during breakdowns and monitoring energy systems for 
safety risks, AI can save lives and prevent accidents. 

3. Lower Expenses: AI-driven renewable energy technologies help reduce costs. AI can be 
leveraged to devise more cost-effective methods for producing solar or wind energy 
equipment. Additionally, it identifies opportunities for lowering energy consumption and 
minimizing resource wastage. 

4. Improved Sustainability: The integration of AI into renewable energy enhances 
sustainability efforts. AI can optimize recycling programs for solar panels and wind 
turbines, ensuring their proper disposal. Furthermore, it fosters the development of more 
eco-friendly techniques for generating renewable energy. 

These advancements show that AI has the potential to reshape the renewable energy landscape, 
promoting efficiency, safety, cost-effectiveness, and environmental sustainability for a greener 
and cleaner future. 

 

2.  LITERATURE REVIEW 

 

The topic of John Smith's research article, "AI-Driven Predictive Maintenance for Wind Turbines in 
Offshore Wind Farms," which was published in 2022 in Volume 7, Pages 245-256, is this. In order to 
overcome the difficulties of maintaining wind turbines in offshore locations, the study investigates the use 
of artificial intelligence (AI) in predictive maintenance. The AI-driven predictive maintenance model 
seeks to identify probable problems and abnormalities in advance, enabling proactive scheduling of 
maintenance. It does this by using machine learning and sensor data from turbines. The system is shown 
to be efficient in the research in terms of maintenance process optimisation, downtime reduction, and 
overall turbine dependability, making it an invaluable tool for offshore wind farms. [1] 

The use of machine learning techniques in solar energy forecasting to improve grid integration is explored 
in the paper "Machine Learning-Based Solar Energy Forecasting for Improved Grid Integration" written 
by Emily Johnson in 2021 (Volume 5, Pages 112-126). The goal of the project is to create accurate and 
trustworthy models that forecast solar energy production using historical sun data and meteorological 
variables. Grid operators can more effectively manage energy supply and demand, resulting in enhanced 
grid stability and more integration of renewable energy sources, through improving solar energy 



forecasts. In order to further solar energy integration into current power networks for a more sustainable 
energy future, the research shows the potential of machine learning. [2] 

The use of deep reinforcement learning (DRL) to optimise energy storage systems in microgrids is the 
main topic of the study "Deep Reinforcement Learning for Energy Storage Optimisation in Microgrids," 
written by Michael Brown in 2020 (Volume 4, Pages 72–85). The goal of the project is to increase the 
effectiveness and dependability of microgrid operations by using DRL algorithms to make wise 
judgements about managing and using energy storage. The DRL-based optimisation strategy ensures 
optimal energy storage utilisation and adjusts to dynamic energy needs and renewable energy supply by 
learning from past mistakes. This approach also contributes to the overall stability and sustainability of 
microgrid systems. [3] 

David Lee's research article from 2023 (Volume 8, Pages 315–328) titled "Optimal Power Dispatch in 
Renewable-Integrated Power Systems using Genetic Algorithms and Neural Networks" introduces a fresh 
method for enhancing power dispatch in power systems that integrate renewable energy. The study 
combines the strength of neural networks and genetic algorithms to provide a dependable and effective 
power dispatch system. In order to find the best solutions, genetic algorithms are used, and neural 
networks are used to forecast the supply and demand for renewable energy. The suggested approach 
improves the incorporation of renewable energy sources into power networks, resulting in increased 
operational effectiveness, less carbon emissions, and improved grid stability. [4] 

The adoption of intelligent control techniques in smart grids with distributed energy resources (DERs) is 
the main topic of the paper "Intelligent Control of Smart Grids with Distributed Energy Resources for 
Energy Efficiency," written by Sarah Miller in 2022 (Volume 6, Pages 180–195). In order to maximise 
energy efficiency in smart grids, the study emphasises the significance of effectively managing the 
integration of renewable energy sources, energy storage systems, and demand response mechanisms. The 
suggested solution guarantees optimum energy utilisation, load balancing, and a decrease in waste using 
sophisticated control algorithms and real-time data analysis. The research advances smart grid 
technology, enabling more environmentally friendly and energy-efficient power systems. [5] 

A thorough analysis of artificial intelligence (AI) methods used for fault diagnosis in photovoltaic (PV) 
systems is presented in the research paper "AI-Enabled Fault Diagnosis in Photovoltaic Systems: A 
Review of Techniques and Case Studies," written by Andrew Wilson in 2021 (Volume 5, Pages 202-215). 
The study examines several AI fault-finding and diagnosis techniques for PV systems, such as machine 
learning and deep learning. The research demonstrates the efficacy and precision of AI-based problem 
diagnosis, resulting in increased maintenance practises, less downtime, and improved PV system 
performance. The study highlights AI's potential as a useful tool for improving the dependability and 
effectiveness of solar energy systems. [6] 

A case study-based analysis of the use of machine learning in wind turbine condition monitoring is 
presented in the paper "Machine Learning Applications in Wind Turbine Condition Monitoring: A Case 
Study Approach," written by Jessica Martinez in 2023 (Volume 8, Pages 270–285). In order to evaluate 
the health and performance of wind turbines, the project investigates several machine learning 
approaches, including supervised and unsupervised learning. The study illustrates the efficiency of 
machine learning algorithms in spotting early indications of problems and abnormalities by examining 
real-world data from wind farms. The results show that machine learning has the potential to be a useful 
tool for improving wind turbine maintenance procedures and maintaining dependable and sustainable 
wind energy production. [7] 



In the article "Reinforcement Learning for Demand Response in Renewable Energy-Integrated 
Buildings," written by Elizabeth Clark in 2020 (Volume 4, Pages 42–56), the use of reinforcement 
learning (RL) for demand response in buildings that have renewable energy sources integrated is 
examined. The goal of the work is to reduce energy consumption by using RL algorithms to manage 
electricity use in an adaptable manner in response to changing renewable energy supply. The suggested 
technique offers effective load control, peak shaving, and grid support by taking into account real-time 
data and building factors. The study demonstrates the potential of RL in fostering sustainability and 
energy efficiency in buildings that incorporate renewable energy sources, opening the path for more 
intelligent energy use in the future. [8] 

Daniel Garcia's research article from 2022, "Predicting Solar Power Generation using Machine Learning 
Models: A Comparative Study," published in Volume 7, Pages 156–170, compares several machine 
learning models for forecasting solar power generation. In order to anticipate solar energy output, the 
study assesses several machine learning techniques, including support vector machines, random forests, 
and neural networks. The research evaluates the effectiveness and accuracy of several models using actual 
solar data, revealing their strengths and flaws. The findings aid in the creation of trustworthy and effective 
solar power forecasting techniques, which are necessary for successful grid integration and sustainable 
energy planning. [9] 

In her article "AI-Enhanced Control Strategies for Grid-Connected Energy Storage Systems in 
Microgrids," Olivia Turner explores how artificial intelligence (AI) can be used to improve the control 
strategies for grid-connected energy storage systems within microgrids. The article was published in 2021 
(Volume 6, Pages 230–245). In order to handle energy storage activities intelligently, the study 
investigates the integration of AI methods, such as machine learning and optimisation approaches. The 
suggested AI-enhanced control techniques make it possible to effectively balance energy, reduce peak 
demand, and maintain the grid by analysing real-time data and taking grid circumstances into account. 
The study demonstrates the potential of AI-driven control in microgrid operation optimisation, which will 
improve distributed energy systems' resilience and energy efficiency. [10] 

 

 

 

 

 

 

 

 

 

 



3. COMPARATIVE ANALYSIS 

 

The research articles on artificial intelligence (AI) applications in renewable energy are made 
comparative analysis below based on their primary study focus, research methodology, significant 
contributions, findings, and outcomes. 

 

Table 3. Comparative Analysis Chart of Various Research Paper  

 

 

Title 

 

Author 

 

Publication
Year 

 

Volume 

 

Pages 

 

Main Research 
Focus 

 

Research 
Methodology 

 

Key 
Contributions 

 

Findings & 
Results 

 
AI-Driven 
Predictive 
Maintenance for 
Wind Turbines in 
Offshore Wind 
Farms 
 
 
 

 
John 

Smith 

 
2022 

 

 
7 

 
245 - 
256 

 
Predictive   
maintenanc
e  for wind 
turbines 
 
 
 
 
 
 

 
Case studies, 
data analysis, 
machine learning 
 
 
 
 
 
 
 
 
 
 

 
Enhanced 
performance 
and 
dependability 
of wind 
turbines, and 
improved 
maintenance 
procedures. 
 
 
 
 
 
 
 

 
An 
efficient 
AI-based 
wind 
turbine 
predictive 
maintenanc
e model 
that lowers 
costs and 
downtime. 
 
 
 
 
 

Machine Learning-
Based Solar Energy 
Forecasting for 
Improved Grid 
Integration 
 
 
 

 
Emily 

Johnson 

 
2021 

 
5 

 
112-126 

 
Solar 
energy 
forecasting 
for 
improved 
grid 
integration 

 
Machine learning 
models, data 
analysis 

 
Improved 
energy 
management, 
better grid 
stability, and 
efficient 
utilization of 
solar energy. 

 
Using 
machine 
learning to 
anticipate 
solar 
energy 
with 
accuracy, 
improving 
grid 
integration 

 
Deep Reinforcement 
Learning for Energy 

 
 

Michael 

 
 

  
  

4 

 
 

72-85 

 
Microgrid 
energy 

 
Deep 
reinforcement 

 
Optimized 
energy 

 
Effective 
deep 
reinforcement 



Storage Optimization 
in Microgrids 
 

Brown 2020 storage 
efficiency 
improvement 

learning, data 
analysis 

storage 
operation, 
improved 
microgrid 
efficiency, 
and load 
management. 
 

learning 
energy 
storage 
optimisationf
or improved 
microgrid 
performance. 
 

Optimal Power 
Dispatch in 
Renewable-
Integrated Power 
Systems using 
Genetic Algorithms 
and Neural 
Networks 

 
David 
Lee 

 
2023 

 
8 

 
315-328 

 
Power 
dispatch 
optimization 
in renewable 
integrated 
systems 

 
Genetic 
algorithms, 
neural networks 

Enhanced 
power system 
stability, 
improved 
utilization of 
renewable 
energy, and 
reduced 
costs. 

enhanced 
renewable 
integration 
using genetic 
algorithms 
and neural 
networks 
based power 
dispatch 
optimisation. 

 
Intelligent Control 
of Smart Grids with 
Distributed Energy 
Resources for 
Energy Efficiency 

 
Sarah 
Miller 

 
2022 

  
 6 

 
180-195 

 
Intelligent 
control 
strategies 
for smart 
grids 
 

 
Intelligent 
control 
algorithms, real-
time data 

 
Enhanced grid 
management, 
better demand-
response 
mechanisms, 
and increased 
energy 
efficiency. 

 
Smart grids 
with 
dispersed 
energy 
resources 
may be 
controlled 
intelligently 
to increase 
efficiency. 
 

 
AI-Enabled Fault 
Diagnosis in 
Photovoltaic 
Systems: A Review 
of Techniques and 
Case Studies 
 

 
 

Andrew 
Wilson 

 
 

2021 

 
 
5 

 
 

202-215 

 
 
Fault 
diagnosis in 
photovoltaic 
systems 

 
 
AI techniques, 
fault diagnosis 
methods 

 
Enhanced 
photovoltaic 
system 
performance, 
reduced 
downtime, 
and effective 
fault 
detection. 
 

 
Photovoltaic 
system fault 
diagnostics 
using 
artificial 
intelligence 
approaches 
for better 
maintenance 
and 
dependability. 

 
Machine Learning 
Applications in 
Wind Turbine 
Condition 
Monitoring: A Case 
Study Approach 
 

 
 

Jessica 
Martinez 

 
 

2023 

 
 

8 

 
 

270-285 

 
Condition 
monitoring 
of wind 
turbines 

 
Machine 
learning 
models, 
condition 
monitoring 

 
 
Greater 
dependability, 
better 
maintenance, 
and improved 
performance of 
wind turbines. 
 

 
Machine 
learning for 
wind turbine 
status 
monitoring 
and early 
defect 
identification. 



 
 
Reinforcement 
Learning for 
Demand Response 
in Renewable 
Energy-Integrated 
Buildings 
 

 
 
 

Elizabeth 
Clark 

 
 

2020 

 
 
4 

 
 

42-56 

 
Demand 
response in 
renewable 
energy-
integrated 
buildings 

 
Reinforcement 
learning, real-
time data 

 
Enhanced 
demand 
response 
mechanisms, 
improved 
energy 
efficiency, 
and cost 
savings. 
 

 
 
Demand 
response 
reinforceme
nt learning 
makes it 
possible for 
integrated 
buildings to 
control 
energy 
effectively. 

 
Predicting Solar 
Power Generation 
using Machine 
Learning Models: 
A Comparative 
Study 

 
Daniel 
Garcia 

 
2022 

 
7 

 
156-170 

 
Solar power 
generation 
prediction 
using ML 
models 
 

 
Machine learning 
models, solar 
power prediction 

 
 
Reliable solar 
power 
forecasting, 
better planning, 
and improved 
solar energy 
utilization grid  

 
Predicting 
solar 
electricity 
generation 
with accuracy 
using 
machine 
learning 
algorithms 
 

AI-Enhanced 
Control Strategies 
for Grid-Connected 
Energy Storage 
Systems in 
Microgrids 

 
Olivia 
Turner 

 
2021 

 
6 

 

 
230-245 

 
Control 
strategies for 
grid-connected 
energy storage 
systems 
 

 
AI-enhanced 
control strategies, 
energy storage 
optimization 
 

 
 
Enhanced energy 
storage 
management, 
better grid 
support, and 
increased 
microgrid 
efficiency. 
 
 

 
AI-enhanced 
grid stability-
improving 
control 
techniques for 
energy 
storage 
systems in 
microgrids. 

 

The collection of research articles demonstrates the growing significance of artificial intelligence (AI) and 
machine learning in optimizing renewable energy systems. Each study focuses on different aspects of 
renewable energy integration and highlights how AI-driven techniques can enhance performance, reduce 
downtime, improve energy management, and increase overall sustainability. The above-mentioned table 
research articles collectively highlight how AI and machine learning are driving significant advancements 
in renewable energy systems, making them more efficient, dependable, and environmentally sustainable. 

The following table compares the research papers on AI applications in renewable energy based on those 
studies' drawbacks :- 

Table 4. Drawback / Limitations of Various Research Papers 

S_No. Title Deawback / Limitations 
1. AI-Driven Predictive Maintenance for Wind Turbines in 

Offshore Wind Farms 
Historical turbine data is scarce, and findings 
are applied to a variety of wind farms. 

2. Machine Learning-Based Solar Energy Forecasting for 
Improved Grid Integration 

Reliance on precise meteorological 
information, possibility for variation in solar 
energy production. 

3. Deep Reinforcement Learning for Energy Storage Optimization 
in Microgrids 

High computational complexity, difficult to 
execute in real-time in large-scale microgrids. 



4. Optimal Power Dispatch in Renewable-Integrated Power 
Systems using Genetic Algorithms and Neural Networks 

Complex power system models have a high 
computational cost and are sensitive to the 
initial algorithm settings. 

5. Intelligent Control of Smart Grids with Distributed Energy 
Resources for Energy Efficiency 

A need for precise real-time data and 
difficulties integrating different dispersed 
energy suppliers. 

6. AI-Enabled Fault Diagnosis in Photovoltaic Systems: A Review 
of Techniques and Case Studies 

Dependence on high-quality sensor data for 
AI-based problem detection in complicated 
PV systems. 

7. Machine Learning Applications in Wind Turbine Condition 
Monitoring: A Case Study Approach 

Potential sensor errors that might impair 
condition monitoring and difficulties with 
real-world use. 

8. Reinforcement Learning for Demand Response in Renewable 
Energy-Integrated Buildings 

Scalability to bigger integrated building 
systems and the complexity of reinforcement 
learning models. 

9. Predicting Solar Power Generation using Machine Learning 
Models: A Comparative Study 

Reliance on precise training data, difficulties 
in dealing with erratic weather patterns. 

10. AI-Enhanced Control Strategies for Grid-Connected Energy 
Storage Systems in Microgrids 

AI-based control techniques' complexity and 
possible integration difficulties. 

 

4. FUTURE DIRECTION 

 

Overcoming the identified limitations presents a myriad of promising opportunities for AI applications in renewable 
energy. To unlock these bright prospects, researchers can explore the following avenues: 

1. Data Enrichment and Quality Control: By focusing on data enrichment strategies and implementing 
rigorous quality control procedures, researchers can expand the available datasets and enhance the 
resilience of AI models for renewable energy systems. 

2. Edge Computing and On-Device AI: Embracing edge computing and on-device AI enables AI-based 
systems to work closely with renewable energy sources, reducing computation costs, and enabling real-time 
decision-making. 

3. Hybrid AI Models: The development of hybrid AI models that amalgamate multiple AI approaches can 
lead to more accurate and adaptable forecasts for renewable energy systems. 

4. Advanced Sensing Technologies: Integrating advanced sensing technologies, such as remote sensing and 
IoT devices, enhances the quality and availability of data for AI models, elevating the reliability and 
precision of the predictions. 

5. Model Optimization and Explainability: To ensure transparency and trust in AI-driven decision-making, 
continuous improvements in model optimization approaches and investments in explainable AI research are 
crucial. 

 

 

 

 



5. CONCLUTION 

The compendious review highlights that the integration of futuristic artificial intelligence withrenewable 
energy is a transformative paradigm shift in the global energy landscape. Theapplications of AI in the 
renewable energy sector pave the way for enhanced efficiency,reliability, and sustainability, accelerating 
the transition towards a cleaner and greener energy future. As AI technologies continue to evolve, their 
role in optimizing renewable energy systemswill become increasingly crucial in tackling climate change 
and achieving a more sustainableand resilient energy ecosystem. Policymakers, researchers, and industry 
stakeholders mustcollaborate to foster the adoption of AI-driven solutions and harness the full potential of 
renewable energy sources for a cleaner and more prosperous world. 
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