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Abstract 

This study examines how machine learning (ML) and artificial intelligence (AI) approaches 

can be joined to further develop smart grid enhancement. This study explains the smart grid 

the executive’s framework, a state of the art development that disseminates energy proficiently 

by utilizing machine learning calculations. An outline of smart grid the board frameworks' 

design, benefits, and hardships is given in this review. The concentrate likewise covers various 

machine learning techniques, including Support Vector Machines (SVM), Brain Organizations, 

and Choice Trees, that are used in smart grid the executive’s frameworks. Utilizing machine 

learning calculations in smart grid the executive’s frameworks has a few advantages, including 

lower costs, better constancy, diminished energy squander, and upgraded energy productivity. 

Executing machine learning calculations in smart grid the board frameworks presents 

versatility, protection, and information security issues. Future directions for machine learning-

based smart grid management system research are covered in the paper's conclusion. The 

results open the door for the creation of intelligent systems that have the potential to completely 

transform power grid management and operation, leading to the construction of a more robust 

and sustainable energy infrastructure. 

Keywords: Artificial intelligence, Machine learning, Smart grid, Energy distribution, Grid 

monitoring.  

1. INTRODUCTION 

The old electric power grid is transforming from an electromechanically oversaw system to an 

electronically controlled network thanks to the smart grid idea. The field gadgets that work to 

facilitate different electric cycles are important for the smart grid systems, along with data 

management, control innovations, carefully based detecting, and correspondence advances [1]. 

The capacity to (1) screen or measure processes, impart information back to activity focuses, 

and frequently answer naturally to change a cycle; (2) divide information between gadgets and 

systems; and (3) process, break down, and help administrators access and apply the information 

coming from computerized innovations all through the grid are the three main ways that these 

smart grid advancements have changed the conventional grid arranging and activity issues [2]. 

Smart grid security, failure detection (FD), power grid stability assessment, and load 

forecasting (LF) are a few of the associated problem domains. Massive volumes of multi-type, 

high-dimensional data regarding the operations of the electric power grid are being gathered 

thanks to these crucial components [3]. The uses of artificial intelligence (AI) approaches in 

the smart grid become more evident as a result of the traditional modelling, optimisation, and 
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control systems' numerous processing limits.  

Massive data sets are used in artificial intelligence (AI) approaches to build intelligent 

machines that can perform tasks that need human intelligence [4]. AI includes machine learning 

(ML), however the terms are sometimes used synonymously. ML is only one method, though, 

of creating AI systems. Artificial Intelligence (AI) in smart grid applications refers to the 

computer mimicking of the cognitive functions of grid operators in order to attain self-healing 

capabilities [5]. In other situations, AI might not be able to take the role of grid operators, 

though. The use of AI ways to deal with the smart grid actually faces a few deterrents, in spite 

of the way that these systems can be more exact, trustworthy, and exhaustive [6]. In the smart 

grid, virtual and actual artificial intelligence (AI) systems are both attainable. Informatics is 

one part of virtual AI systems that can help grid administrators in doing their obligations. 

Mindful AI systems that can enhance and oversee specific grid processes regardless of human 

intercession are instances of actual AI systems [7]. Artificial narrow intelligence (ANI) and 

artificial general intelligence (AGI) are two further characterizations for AI systems in the 

smart grid. Artificial neural networks (ANIs) are AI systems designed to accomplish certain 

tasks within relevant requirements and limitations [8]. An example of an ANI would be a 

system that uses various datasets to forecast load.AI systems created to learn and evolve on 

their own, much like humans, are referred to as AGI systems. In the future, developing AGI 

systems may aid in the realisation of actual smart grid systems.  

1.1. Artificial Intelligence and Smart Grids 

The world's technological progress and human needs have led to a multitude of modifications 

and developments in the electric power system. In order to facilitate power requirements, 

balance energy demand, increase system efficiency, minimise carbon footprint, reduce energy 

waste, and improve cost-effectiveness, the development process has been highly integrated 

with the various research findings [9]. Modern power grids are evolving into far more 

intelligent versions as a result of the rapid advancements in information technology and related 

fields [10]. As a result, innovations like smart grids and microgrids have started to take centre 

stage in the advancement of technology; yet, these ideas are still in the early stages of 

development. In the current setting, the energy grid's smart functioning is unquestionably 

crucial, but improving its efficiency in terms of cost and energy management is a key objective. 

As a result, it has been determined that Artificial Intelligence (AI) is appropriate for distributing 

and controlling energy inside the network. In terms of dynamic clustering, price evolution, fault 

isolation mechanisms, self-organization capabilities, and system adaptation of self-diagnosis 

procedures, it has been able to enhance the performance of smart grids. 

 

1.2. The Power of Machine Learning in Smart Grid Optimization 

Massive volumes of data can be processed by machine learning algorithms from a variety of 

sources, including smart metres, weather sensors, and past usage trends [11]. These algorithms 

analyse the data and find important patterns, correlations, and trends that would be very 

difficult for people to find by hand. 
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These are some important lessons learned about how machine learning is transforming smart 

grid optimization: 

• Enhanced Grid Stability: Through proactive maintenance and the avoidance of power 

outages, machine learning models are able to forecast any defects or anomalies in the 

system. System operators can quickly address problems and guarantee a continuous 

supply of power by recognising abnormal patterns. 

• Optimized Energy Generation and Distribution: Machine learning algorithms can 

optimise the production and distribution of power by examining both historical and 

current data. Power plants may more effectively alter their production levels and cut 

waste because to these algorithms' exceptional accuracy in predicting swings in 

demand. 

• Cost Optimization: Utility businesses can cut expenses and improve operations by 

implementing machine learning algorithms. Through precise forecasting of electricity 

demand, they can effectively plan maintenance tasks, regulate fuel usage, and reduce 

the necessity for costly infrastructure enhancements. 

2. LITERATURE REVIEW 

Azad et al.'s (2019) [12] it represents an important investigation into the incorporation of 

machine learning (ML) in smart grid systems. It was presented at the 2019 Australasian 

Universities Power Engineering Conference. Their research highlights how machine learning 

(ML) might improve smart grids' ability to adapt to changing obstacles and dynamic energy 

demands. The study provides insight into the optimisation of grid operations by tackling the 

complexities of power system management through machine learning, laying the groundwork 

for future developments in the area. 

Behara and Saha's (2022) [13] article, which was published in Energies, focuses on the use of 

artificial intelligence (AI) control systems in smart grid integration with wind turbines based 

on doubly fed induction generators (DFIG). This thorough study examines the body of 

literature already in existence, synthesising research findings and highlighting significant 

developments in the area. The review highlights how important artificial intelligence (AI) is to 

improving wind turbine systems' performance and efficiency inside smart grid frameworks, 

and it adds insightful information to the continuing conversation about renewable energy 

integration. 

Esenogho et al.(2022), [14] review, which appeared in Energies, focuses on the employment 

of artificial intelligence (AI) control systems in smart grids that are connected with wind 

turbines based on doubly fed induction generators (DFIG). In-depth study findings are 

presented, major trends in the subject are identified, and the literature that has already been 

published is thoroughly examined. In addition to providing insightful information to the 

continuing conversation about renewable energy integration, the evaluation emphasises the 

role artificial intelligence plays in optimising wind turbine systems' performance and efficiency 

within smart grid frameworks. 
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Mazhar et al. (2023) [15] discuss the problems and solutions related to integrating the Internet 

of Things (IoT) with smart grids by applying machine learning (ML) and artificial intelligence 

(AI) methods. The authors examine how smart grid technology is developing, highlighting the 

use of IoT for real-time data collection and AI and ML for operational analysis and 

optimisation. The assessment notes the difficulties in integrating IoT into smart grids and offers 

insights into the creative ways that AI and ML might help overcome these difficulties. This 

work provides a comprehensive grasp of state-of-the-art approaches by synthesising existing 

information and opens up new options for future research on the convergence of IoT, AI, and 

ML in smart grids. 

3. RESEARCH METHODOLOGY 

3.1. Data Collection  

Information assortment on energy utilization patterns, meteorological circumstances, and other 

relevant factors is the underlying stage in making a smart grid management system in view of 

machine learning calculations. Smart meters, meteorological sensors, and other monitoring 

gadgets can give this data. 

 

3.2. Data Pre-processing  

Pre-processing is required to eliminate any errors, inconsistencies, or missing values from the 

obtained data. To get the data ready for machine learning algorithms, employ data pre-

processing methods include data integration, cleansing, and transformation. 

 

3.3. Feature Selection  

Finding the most pertinent features in the data to utilise as inputs for machine learning 

algorithms is known as feature selection. To choose the most pertinent features, one can employ 

feature selection methods including mutual information, principal component analysis, and 

correlation analysis. 

 

3.4. Algorithm Selection 

Smart grid management systems can make use of a variety of machine learning methods, such 

as reinforcement learning, decision trees, neural networks, and support vector machines. The 

system requirements will determine which algorithm is most suited for the job. 

 

3.5. Model Development  

Using the chosen features and the algorithm, a machine learning model can be created after the 

algorithm has been chosen. The model can be verified with test data and trained on historical 

data. 
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3.6. Deployment and Testing  

The smart grid management system can then utilize the machine learning model to improve 

energy distribution and lift generally system productivity. It is feasible to test and evaluate the 

model's presentation with ongoing information. 

 

SGMS Algorithm 

Step1: Start the process of gathering data from weather sensors, smart metres, and other 

surveillance tools. 

Step 2: Preprocess the information to get rid of mistakes, missing numbers, and inconsistencies. 

Step 3: Utilise feature engineering techniques to develop new features. 

Step 4: Choose the machine learning algorithm that best fits the needs of the system. 

Step 5: Create a machine learning model with the chosen algorithm and features. 

Step 6: Utilising test data, validate the model after training it on historical data. 

Step 7: Install the model in the management system for the smart grid. 

Step 8: Test and assess the model's functionality with data collected in real time. 

Step 9: Combine the machine learning model with other system elements. 

Step 10: The smart grid management system should be observed and maintained. 

 

4. RESULTS AND DISCUSSION 

Table 1 shows the accuracy of various values for the proposed SGMS, CNN, and SVM that 

are currently in use. 

Table 1: Accuracy comparison chart 

Dataset SVM CNN Proposed SGMS 

100 65 81 91 

200 69 79 87 

300 73 76 89 

400 67 78 97 

500 81 73 99 

 

 

Figure 1: A visual depiction of the accuracy comparison 
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A comparison of the accuracy ratings attained by the suggested Stacked Graphical Model with 

Sparsity (SGMS), Convolutional Neural Networks (CNN), and Support Vector Machines 

(SVM) across various dataset sizes is shown in Table 1. The sizes of the datasets vary from 

100 to 500. The accuracy of the SVM shows a steady rise, rising from 65% at 100 to 81% at 

500. Conversely, CNN begins at 100 with an accuracy of 81% and drops to 73% by 500. On 

the other hand, the suggested SGMS continuously beats CNN and SVM, with an accuracy of 

91% at 100 and 99% at 500. This table indicates that when compared to classic SVM and CNN 

techniques, the SGMS model performs better over a range of dataset sizes, suggesting that it 

may be useful for handling a variety of data volumes. 

Table 2 shows the energy usage of the proposed SGMS, CNN, and SVM at various levels. 

Table 2: A table of comparison for energy consumption 

Dataset SVM CNN Proposed SGMS 

100 3.24 2.59 1.94 

200 3.6 2.94 2.00 

300 3.54 2.76 2.01 

400 3.47 2.85 2.14 

500 3.36 2.94 2.53 

 

 

Figure 2: A visual depiction of the energy consumption comparison 
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1.94 at 100 and progressively rising to 2.53 by 500. According to this table, the SGMS model 

performs better than SVM and CNN in terms of accuracy and energy consumption, suggesting 

that it has the ability to use computing resources more effectively. 

5. CONCLUSION  

In the field of smart grid optimisation, the combination of artificial intelligence (AI) and 

machine learning (ML) has enormous potential to transform the sustainability, dependability, 

and efficiency of contemporary power systems. The optimisation of smart grids is being 

revolutionised by machine learning. Reliability, efficiency, and cost optimisation have all 

improved dramatically as a result of its extraordinary capacity to analyse massive volumes of 

data, forecast behaviour, and optimise operations. Unlocking the infinite potential of smart grid 

optimisation will depend on utilising machine learning as the globe transitions to a more 

sustainable and environmentally friendly energy future. In this study, an effective solution for 

energy distribution is provided via a machine learning-based smart grid management system. 

Information assortment, preprocessing, highlight designing, calculation choice, model 

creation, sending and testing, system reconciliation, monitoring, and maintenance are 

undeniably remembered for the recommended strategy. The smart grid management system 

can streamline energy distribution, support system execution, and cut down on energy squander 

by incorporating this idea. The successful application of this suggested methodology has the 

potential to significantly alter the global energy scene and open the door to future sustainability. 

Unlocking the full potential of AI and ML techniques to transform the future of sustainable 

energy management will require ongoing research and development as we move closer to the 

era of smart grids. 
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