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Introduction 

In today’s world, one of the most important steps towards achieving global sustainability and 

lowering reliance on fossil fuels is making the shift towards renewable energy systems (RES). 

As integration of renewable energy resources has been increased in the power system and 
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because of this complexity, security and performance of the power system operation is a major 

concern. In order to maximize performance, improve security, and assure cost effectiveness, 

innovative approaches are becoming more necessary [1]. There are many transformative 

technologies has been introduced by the researchers. Machine learning (ML) is also one of the 

transitive approaches for the enhancement of power system operations. ML is the subset of 

artificial intelligence-based system to learn from data. It is emerged as an effective tool for 

addressing the complex challenges associated with power system integration of renewable 

energy. Power generation, energy storage, fault identification, and grid stability of power system 

while integrating renewable energy can be predicted and optimized by ML. 

 

Figure 1: Renewable energy and machine learning models 
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However, implementing ML with renewable energy also has their own challenges. Selection of 

the right models, organizing various kinds of data, and addressing cybersecurity is are all 

important aspects that affect [2]. Figure 1 depicts different renewable energy resources on which 

machine learning models are implemented to obtain the output. 

The scalability of machine learning models is a further significant challenge. From microgrids to 

large national power grids, renewable energy systems act on a variety of sizes, demanding 

solutions that can shift to changing operating conditions. Furthermore, ML models can 

successfully handle the uncertainty introduced by the dynamic nature of renewable energy 

sources like solar and wind. These uncertainties frequently add additional complexity by forcing 

the ML framework to incorporate real-time monitoring and weather predictions [3]. 

The key objectives of this paper are as follows: 

 To predict and optimize renewable energy output using regression models. 

 To detect patterns and inefficiencies in RES using unsupervised learning. 

 To study the challenges in implementing ML-models in RES. 

 

Machine Learning Models for Renewable Energy 

This section discusses several machine learning-based existing techniques used for renewable 

energy. 

A. Supervised Learning 

Regression learning models are a vital tool for renewable energy sources performance analysis 

and prediction. Regression models offer a substantial contribution to RES in the following 

important areas: Predicting the power output of renewable is the important task has been 

performed by regression models of ML. These models performed on some considerable factors 

such as weather patterns, time of the day, and historical data to estimate the expected output of 

the system. Pre prediction of output power can help the stakeholders, utilities, or energy traders 

to maintain gap of supply and demand [4]. Through the identification of various factors that 

impact power output and the subsequent modification of system parameters, regression models 

can be utilized to maximize the performance of renewable energy. As for solar generation 
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particular angle of solar irradiance has to be optimized for maximum output from PV panel...ML 

models helps to predict that angle or other important factors to reach the maximum output, Also 

for wind generation effective techniques to analyze the adjustment of blades of turbine to convert 

kinetic energy into maximum electrical energy and expect the better performance from the wind 

power plant. 

Energy storage system is the important part of power system as well as renewable generation 

due to its intermittent nature. It stores energy at the time of peak production and release it at the 

time of peak demand. Regression models can help the system to predict the need of storage and 

release time according to demand or supply [5]. 

Faults can be detected by the machine learning models. A fault due to component failure or 

system failure can be spot by ML models. This can help to fix the fault early and easily. The 

potential amount of available renewable resources in a particular region can be determined or 

estimated by using these models. It can predict the solar irradiance and wind speed for the 

development of solar or wind power plants. So, this can help in the planning and designing as 

well as installation of renewable plants. By examining historical performance, meteorological 

conditions, and other factors, regression models can forecast when maintenance is required to 

guarantee seamless and effective operation. 

There are many new technologies have been developed nowadays to improve the performance 

of power system. ML models can predict the performance of these technologies to find out the 

best technology for the better performance. The performance of renewable energy systems (RES) 

can be analyzed, optimized, and predicted with the aid of supervised learning models. These 

models can eventually help in the development of a more sustainable energy infrastructure by 

empowering stakeholders to make intelligent decisions about management strategies and 

investment. 

B. Unsupervised Learning 

Machine learning algorithms that recognize patterns or structures in input data without reliance 

on identified outputs are known as unsupervised learning models. Identifying the fundamental 

framework, clusters, and interconnection between the data parameters clustering, the most 

common techniques used in unsupervised learning. These models can be used to optimize the 
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performance and management of all parameter with respect to output of renewable system. These 

models can help to identify the similar as well as dis smaller patterns in the data and detect the 

malfunctioning and inefficiencies of the renewable system.  ML models can cluster the consumer 

data according to the requirements and energy usage patterns with the help of this demand and 

supply from renewable can be managed and many energy saving techniques can be incorporate 

to improve the performance and efficiency of the renewable system.  

Many approaches like dimensionality reduction are used to solve the complex data in the 

system. It can make the weather prediction easy as it helps to predict solar irradiance and wind 

speed for PV and wind power generation by analyzing historical energy data, unsupervised 

learning helps in resource allocation for grid management, ensuring stability and reducing energy 

waste. Unsupervised models assist in understanding the behavior of distributed systems and 

integrating them efficiently into the energy grid. By leveraging unsupervised learning, renewable 

energy systems can become more efficient, cost effective, and resilient, contributing to a 

sustainable and reliable energy future.  

Table I summarizes various machine learning-based techniques for renewable power 

generation 

 

Challenges in Using AI-Driven Tools 

The integration of machine learning (ML) models into energy systems offers significant 

opportunities for optimization and efficiency but is full of challenges. These challenges can be 

broadly categorized into data and security related challenges, and implementation challenges, as 

depicted in Figure 2. 

A. Data Challenges 

The basis of successful machine learning models is high quality data, and several kinds of 

problems exist in this area: Many energy systems don't have the big, high-quality datasets needed 

to train machine learning algorithms. Both real-time data collecting and historical data are 

frequently lacking. Inaccurate measurements, inconsistent data collection, and sensor faults can 

all affect dataset quality and provide inaccurate model predictions.  
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TABLE I 

SUMMARY OF MACHINE LEARNING-BASED TECHNIQUES FOR RENEWABLE POWER GENERATION 

Author Proposed Method Advantage Limitations 

[11] A Cauchy mutation 

operator and inertia 

weighting technique were 

employed to improve moth 

flame optimization and 

Support Vector Machine 

(SVM) forecasting 

accuracy. 

 Improved 

photovoltaic energy forecast 

capabilities. 

 Increased training 

time  

 Reduced 

prediction accuracy 

[12] For solar irradiance 

forecasting, the Wrapper 

Mutual Information 

Methodology (WMIM) 

was developed, which 

forecasted the horizons 

through integrating mutual 

data with the Extreme 

Learning Machine (ELM). 

 The variables for time 

series forecasting were 

efficiently determined. 

 The method used 

was insufficiently 

resilient to time horizons 

and bad weather 

conditions 

[13] The tree-based machine 

learning model used the 

electrical properties to 

estimate the open circuit 

voltage  

 Non-linear mappings 

between offset and Voc were 

successfully retrieved. 

 Forecasted the linear 

relationships between the 

ground-reflected radius 

 Ignored variables 

like temperature, 

interface area, and light 

intensity, the proposed 

method lacked accurate 

prediction. 

[14] An exogenous variable-

based methodology that 

connected irradiance to a 

multidimensional space 

 The multiple stages of 

the photovoltaic power 

system were successfully 

executed. 

 Due to incorrect 

irradiances at unknown 

measurement values, the 

model's capacity for 

prediction was reduced. 

[15] Long Short Term Memory 

(LSTM) and Artificial 

Neural Networks (ANN) 

were used to introduce 

DSE-XGB.  

 The proposed DSE-

XGB aids in managing 

forecasting uncertainty. 

 Utilizing the Extreme 

Gradient Boosting (XGB) 

technique for PV generation 

accuracy significantly 

increased. 

 It fails to decide 

between the prediction 

advantage and the 

evaluation time trade-off. 
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TABLE I (CONTINUE) 

SUMMARY OF MACHINE LEARNING-BASED TECHNIQUES FOR RENEWABLE POWER GENERATION 

Author Proposed Method Advantage Limitations 

[16] A hybrid model with 

Convolutional Neural 

Network (CNN) and Long 

Short-Term Memory 

(LSTM). 

 CNN classifies the 

meteorological conditions. 

 The power prediction 

generation was effectively 

controlled by the 

implementation of LSTM. 

 Shows errors on 

peak demands. 

[17] Collect data and generate 

solar energy, a bi-

directional LSTM and a 

long short-term memory 

were developed. 

 RSA algorithm 

models the time series data of 

the PV output 

 Multi-objective 

time series forecasting is 

not an ideal fit for it. 

 

 

Figure 2: Challenges in utilization of AI-driven tools for power generation 
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For dynamic decision-making, machine learning models for energy systems frequently require 

real-time data. However, it could be difficult to provide constant and uninterrupted access to 

such data, especially in distant power plants. Energy systems frequently use a variety of data 

formats, such as market pricing, grid performance measures, and meteorological data, which 

makes preprocessing and data integration challenging. Rare events such as equipment faults or 

extreme weather conditions may not have sufficient representation in the data, leading to biased 

models that fail to predict these critical scenarios. 

B. Security Challenges 

Energy system is a critical structure and machine learning implementation makes it more 

complex so there are many security concerns to discuss energy systems are vulnerable to 

cyberattacks due to real-time data collecting and transfer. Unauthorised access has to be 

prevented to sensitive data, such as operational data or consumer consumption trends. 

Adversarial inputs, in which malicious individuals covertly change data to skew predictions, can 

be used to corrupt machine learning algorithms, potentially leading to grid instability or 

inefficiency. If security procedures for data interchange and model deployment are insufficient, 

integrating ML models with current energy systems can open up new threat pathways. The 

introduction of ML technology can be hindered by the rigorous standards that energy systems 

have to satisfy for cybersecurity and data management. 

C. Implementation Challenges 

Energy systems are extensive and interdependent. It takes a lot of processing power and 

careful calibration to scale machine learning models from small-scale implementations to large-

scale, grid-wide systems. Since many machine learning models, particularly deep learning 

techniques, function as "black boxes," it can be challenging for stakeholders to comprehend and 

have faith in the predictions and suggestions.   

Energy engineering and data science knowledge are both necessary for ML implementation in 

energy systems, but these skills are not always easily accessible. Particularly in situations 

involving energy constraint, decisions made by ML models, such as priority of energy 

distribution systems, can give rise to ethical concerns. 

https://doi.org/10.70454/IJMRE.2025.05031
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Conclusion 

This study focused primarily on two important areas: the use of machine learning models for 

renewable energy integration and the constraints of integrating AI-driven technologies in power 

systems. The research clearly shows that machine learning has an enormous amount of potential 

for enhancing the efficiency, reliability, and prediction accuracy of renewable energy sources. 

However, a number of technological and operational challenges, such as the need for real-time 

data, system interoperability, and cybersecurity issue, accompanying the incorporation of AI 

technology into power systems. All things considered, the results highlight both the 

revolutionary potential of AI in updating energy infrastructure and the necessity of resolving its 

inherent drawbacks for successful, widespread deployment.  
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