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ABSTRACT 
Renewable energy sources and better control systems are what make smart grids unique. 
To keep them stable and efficient, they need strong and flexible solutions. Artificial 
Neural Networks (ANNs) have become very important in solving these problems because 
they can make smart predictions and decisions in real time, which is very important for 
smart grids. This in-depth review looks at different ANN designs and how they can be 
used to make smart grids more stable. First, we talk about the things that make smart 
grids different, like spread production and changing load needs, which make security 
more difficult. Then, we talk about how ANNs can help predict demand and green output, 
focussing on how they can change to changing grid conditions and learn from data that 
isn't straight and has a lot of dimensions. The review talks about a few important 
techniques, such as deep learning and reinforcement learning, that have shown a lot of 
promise in predictive analytics and real-time control tasks. We also look at examples of 
how ANNs have been used successfully to predict problems, control energy flow, and 
improve grid operations, showing real improvements in the stability and efficiency of the 
grid. It also talks about the problems with integrating ANN solutions and the way forward 
for using them on a larger scale in smart grids, with a focus on privacy, security, and 
interoperability. This review combines recent research and real-world applications to 
give a basic knowledge and encourage more new ideas in this area that is changingquickl. 

 

Corresponding Author 
Kazi Kalim Nasir, 
kazikalim00@gmail.com  
DOI 
10.29121/shodhkosh.v5.i6.2024.482
6   

Funding: This research received no 
specific grant from any funding agency in 
the public, commercial, or not-for-profit 
sectors. 

Copyright: © 2024 The Author(s). 
This work is licensed under a Creative 
Commons Attribution 4.0 
International License. 

With the license CC-BY, authors retain 
the copyright, allowing anyone to 
download, reuse, re-print, modify, 
distribute, and/or copy their 
contribution. The work must be 
properly attributed to its author. 

 

 

Keywords: Smart Grids, Artificial Neural Networks, Renewable Energy Integration, 
Predictive Analytics, Real-Time Control, Grid Stability 
 
  
 

1. INTRODUCTION 
The stability of smart grids, which incorporate a complex blend of renewable energy sources, real-time data 

management, and dynamic consumer interactions, is paramount for ensuring reliable and efficient energy delivery. As 
the integration of renewable energy increases, the variability and unpredictability associated with these sources pose 
significant challenges to grid stability. Traditional grid management systems, designed for stable and predictable power 
sources, often fall short in addressing the complexities introduced by distributed generation and real-time demand-
response scenarios [1]. To tackle these challenges, Artificial Neural Networks (ANNs) have emerged as a transformative 
solution, offering the potential to enhance grid management through advanced computational intelligence and learning 
capabilities.ANNs leverage their robust pattern recognition and predictive analytics capabilities to provide critical 
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insights and proactive management strategies for smart grids [2]. By processing vast amounts of data from various grid 
sensors and sources, ANNs can predict power demand fluctuations, renewable energy supply variations, and potential 
system disruptions with high accuracy. This ability to anticipate and react to changes in the energy landscape in real time 
is crucial for maintaining grid stability and preventing cascading failures that can lead to widespread power outages. 

Figure 1 

 
Figure 1 Overview of Efficient smart grid with ANN 

Aside from that, ANNs help make grid processes better by finding the best ways to distribute energy and resources. 
ANNs can manage storage systems to protect against changes in energy supply, handle grid-connected devices to 
constantly balance supply and demand, and optimise energy flows by learning from past data and getting feedback all 
the time [3]. This amount of flexible control not only makes the power system more reliable, but it also lets more green 
energy sources in, which helps reach sustainability goals. ANNs can be used for more than just making smart grids more 
stable. These networks are also very important for putting in place methods for finding faults, planning upkeep, and 
security measures. ANNs can find and fix problems faster than standard systems, which cuts down on downtime and the 
cost of upkeep. In cybersecurity [4], ANNs can find strange things and possible threats in real time, protecting important 
assets from cyberattacks that are becoming more common in smart grids where everything is linked. Even though ANNs 
have benefits, they are not always easy to use in smart grids. When these technologies are combined, they create 
problems with data quality, privacy, how well they work with other technologies and systems, and the need for a lot of 
training data to make models that are accurate [5]. Also, the fact that some ANN models are "black boxes" can make it 
harder for stakeholders to trust and accept them, especially when it comes to practical choices that need to be clear and 
easy to understand. The goal of this study is to show how important neural networks are in changing how smart grids 
work by looking closely at different ANN designs and how they are used in different areas of grid management. As the 
review talks about both the technological advances and the problems that come with them, it aims to give a fair picture 
of how ANNs might change smart grid systems and make energy infrastructures more adaptable, efficient, and long-
lasting. 
2.  BACKGROUND AND THEORETICAL FRAMEWORK 

1) Basics of Artificial Neural Networks 
Artificial Neural Networks (ANNs) are computer models that are based on the structure and function of the human 

brain. They are made to find trends and answer problems. An ANN is made up of layers of nodes, which are like neurones. 
Each node models the reaction of a neurone. These networks take in data and process it through these layers, changing 
the data at each level until a result is made [5]. McCulloch and Pitts created simple neural models in the 1940s, which 
was the start of ANNs. However, it wasn't until the 1980s that the backpropagation method was created, which made it 
possible to train multi-layer networks, that ANNs really took off. ANNs work by learning from data, changing the links 
(weights) between neurones based on how wrong the output is, and being able to generalise from processing data. This 
makes them very good at jobs like recognising complex patterns, making predictions, and sorting things into groups. 
They can also adapt to different inputs and get better over time as they learn from new data [6]. 

2) Smart Grid Architecture 
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Smart grids are improved power grids that use digital technology to track, manage, and improve how energy is 
made, distributed, and used [7]. A smart grid is made up of different parts that are all linked by a communication network. 
These parts include smart meters, green energy sources, energy storage systems, and advanced control systems. 
Together, these parts make the grid more reliable by letting data be collected and responded to in real time, incorporating 
green energy in a smart way, and controlling demand through customer involvement. But the smart grid has a lot of 
problems, like keeping up with the unpredictable and variable nature of green energy, making sure that everything is 
safe in a world that is becoming more and more linked, and keeping things stable and reliable even as people and 
technology interact in complicated ways. Taking care of these problems is necessary for smart grids to work well and be 
able to grow in the future. 

3) Data Analytics and Machine Learning in Smart Grid Management  
Machine learning and data analytics are two of the most important ways to make smart grids smarter and more 

efficient. Machine learning algorithms can predict energy supply and demand, find problems, and improve energy 
sharing by using the huge amounts of data that smart grid components produce, such as operating data from devices and 
data on how much energy is used from smart meters. Predictive analytics can predict changes in output and load, which 
lets proactive grid management keep things stable and efficient [8]. Machine learning models can also improve the 
merging of green energy sources, make grid components work better, and lower the amount of energy that is wasted. 
These technologies are also important for creating demand response strategies. In these strategies, predictive models 
look at trends of energy use to get people to use energy during off-peak hours, which helps balance the load. Dealing with 
large amounts of data, making sure models are correct, and incorporating insights into useful, real-time decision-making 
frameworks within the grid's operating routines are some of the challenges that come with putting these technologies 
into action. 

 
3.  ANN ARCHITECTURES FOR SMART GRIDS 

1) Description of Various ANN Architectures 
Artificial Neural Networks (ANNs) come in various architectures, each designed for specific types of problems and 

data. The most common ANN architectures include feedforward neural networks, recurrent neural networks (RNNs), 
and convolutional neural networks (CNNs). 

1) Feedforward Neural Networks (FNNs): These are the simplest type of ANNs, wherein connections between 
the nodes do not form a cycle. This architecture is useful for static prediction tasks where the current output 
is only dependent on the current input. In a feedforward network, information moves in only one direction 
from input nodes, through hidden layers (if any), to output nodes. They are widely used for pattern 
recognition and classification tasks [9]. 

2) Recurrent Neural Networks (RNNs): Unlike feedforward networks, RNNs have connections that form 
directed cycles. This architecture makes them suitable for processing sequential data and temporal dynamic 
behavior since they can use their internal state (memory) to process sequences of inputs. This is beneficial 
in smart grids for tasks like load forecasting where previous data points are crucial for predicting future 
consumption [10]. 

3) Convolutional Neural Networks (CNNs): Originally designed for processing data that comes in the form of 
multiple arrays, such as image data, CNNs are effective for any data that has a grid-like topology. For 
example, time-series data in smart grids, which can be thought of as a 1D grid taking samples at regular time 
intervals, can be analyzed using CNNs for pattern recognition and anomaly detection in energy consumption 
or generation data [11]. 

2) Suitability of Different ANN Models for Specific Smart Grid Functions 
Each type of ANN architecture offers unique advantages for handling specific functions within smart grid 

management: 
1) Demand Forecasting: Recurrent Neural Networks are particularly suited for demand forecasting in smart 

grids due to their ability to process time series data and remember past information, which is essential for 
predicting future demand based on historical patterns. 
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2) Renewable Energy Integration: Convolutional Neural Networks can be employed to forecast the output from 
renewable energy sources, such as solar or wind power, which may have spatial and temporal patterns that 
CNNs are adept at recognizing. Additionally, feedforward networks are useful for static predictions based 
on current environmental conditions. 

3) Fault Detection: RNNs are effective for fault detection in smart grids because they can detect anomalies over 
time, which is crucial for timely identification of faults before they lead to failures. Feedforward neural 
networks can also be used for this purpose, particularly in identifying instantaneous discrepancies in grid 
data. 
 

4. ANNS IN SMART GRID STABILITY 
1) Demand and Supply Forecasting 
Artificial Neural Networks (ANNs) are very good at predicting both supply and demand for energy in smart grids. 

They do this by looking at trends and data from the past to guess what will be needed in the future. By looking at past 
patterns of energy use and the weather, ANNs can correctly guess how much energy will be needed at different times, 
which helps the grid run more smoothly. ANNs also predict the amount of power that comes from renewable sources by 
looking at things like the amount of sunlight and the speed of the wind. This makes connecting renewable energy sources 
to the grid more reliably. 

TABLE 1 Demand Supply Forecasting Analysis Ith Ann 
Approach Parameter Predicted 

Demand (MW) 
Actual 

Demand (MW) 
Predicted 

Supply (MW) 
Actual 

Supply (MW) 
Forecast 

Accuracy (%) 

ANN [6] Peak Hours 500 505 480 475 98.5 

Off-Peak Hours 200 205 180 185 97.6 

Average 
Day 

350 345 330 325 99.1 

Sunny Day 
(Solar) 

450 455 420 410 96.8 

Windy Day 
(Wind) 

480 475 460 455 98.7 

 
Figure 2 

 
Figure 2 Forecast Accuracy by Time and Condition 
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2) Real-time Control and Optimization 
ANNs help smart grids be controlled and optimised in real time by constantly checking the grid conditions and 

changing how energy is stored and distributed [12]. They make sure that the flow of power is optimised based on current 
expectations of supply and demand, store energy when there is extra production, and make sure that the grid's energy 
sharing is fair and effective in all areas. This proactive method helps keep the grid stable and cuts down on energy waste. 

TABLE 2 Impact of Ann Optimization on Smart Grid Energy Management 
Parameter Energy Demand (MW) Energy Supplied (MW) Losses (MW) Storage Used (MWh) Efficiency (%) 

Before Optimization [8] 450 460 15 50 95 

After Optimization [8] 450 450 10 30 98 

Improvement 0 -10 -5 -20 +3 
 
Figure 3 

 
Figure 3 Comparative Analysis of Smart Grid Performance before and After ANN Optimization 

3) Fault Detection and Predictive Maintenance 
ANNs enhance the reliability of smart grids by identifying potential faults and predicting maintenance needs before 

they lead to system failures.  
TABLE 3 Fault Detection with Ai Methods 

Approach Parameter Detected Faults Actual Faults False Alarms Missed Faults Detection Accuracy (%) 

ANN [9] Sensor A 5 5 0 0 100 

Sensor B 3 4 1 1 87.5 

Total System 8 9 1 1 94 
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Figure 4 

 
Figure 4 Detection of fault and Accuracy by Sensor 

By analyzing real-time data from grid sensors and historical incident reports, ANNs can detect anomalies that may 
indicate a fault or deteriorating component, allowing for preemptive maintenance and minimal disruption to grid 
operations. 

 

5. CHALLENGES AND LIMITATIONS OF IMPLEMENTING ANNS IN SMART GRIDS 
1) Data Issues: Volume, Variety, Veracity, and Velocity of Data in Smart Grids 
Using Artificial Neural Networks (ANNs) in smart grids comes with a lot of problems when it comes to data handling 

and research. A huge amount of data is created by smart grids because many devices and monitors are constantly 
collecting and sending data about how much energy is being used, how much is being produced, and the conditions of 
the grid. To handle this huge amount of data successfully, you need strong storage options and a lot of computing power, 
which can be pricey and hard to control.  ANNs also have trouble integrating and handling all the different types of data 
they need, such as structured data from meters, unorganised data from weather reports, and semi-structured data from 
repair logs. Different types of data may need different pre-processing methods to be ready for study. This makes the 
process of handling data more complicated. Another important problem is veracity, which means how accurate and 
trustworthy the data is. The results from ANNs might not be accurate because the data they use might be missing, wrong, 
or biassed. It is very important to make sure that the data that is used is accurate, because even complex models can 
make bad predictions if they are based on bad data. ANNs are hard to use in smart grids because of how quickly data 
needs to be handled to help make decisions in real time. Data keeps coming in and needs to be processed quickly so that 
the grid can adapt to changing conditions. This requires very fast processing methods and tools that can handle them 
[13]. 

2) Integration Challenges: Compatibility with Existing Grid Infrastructures and Regulatory Concerns 
Adding ANNs to smart grid systems that are already in place comes with its own set of problems. A lot of grid systems 

that are already in use were not made to be able to use advanced AI technologies. Upgrading these systems to handle 
ANNs requires major changes to both the hardware and the software. This requires a lot of money and time away from 
normal operations. Concerns about rules and regulations also play a big part. The energy sector is heavily controlled to 
make sure it is safe, reliable, and fair. Using AI to make decisions in grid operations has to follow current rules and laws, 
which might not always allow for the quick introduction of new technologies [7]. Also, regulatory bodies might need to 
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test and approve ANN models thoroughly before letting them run important infrastructure, which would slow down 
their adoption. 

3) Transparency and Trust: Addressing the "Black Box" Nature of Deep Learning Models  
Some people don't think that ANNs should be used in smart grids because the way they make decisions is hard for 

humans to understand. This is called a "black box" problem. Stakeholders, such as authorities, energy managers, and 
customers, who have to trust the choices these systems make, may not trust them if they are not clear. Making sure that 
ANN processes are open and clear is important for building trust. This means coming up with ways to confirm and explain 
the choices made by the networks so that people who aren't experts can understand them [10]. Furthermore, strong 
ways must be found to check and audit AI choices, making sure they are fair, correct, and in line with legal requirements. 
To solve these problems, computer scientists, engineers, regulators, and industry stakeholders need to work together 
across disciplines to create ANN solutions that are not only technically sound but also fit in with the rest of the energy 
ecosystem in a way that is compliant and builds trust. 

 
6. FUTURE DIRECTIONS AND INNOVATIONS 

1) Emerging Trends in ANN Research and Potential New Applications in Smart Grids  
The landscape of Artificial Neural Network (ANN) research is continually evolving, with emerging trends 

significantly shaping the potential applications in smart grids. Innovations such as Graph Neural Networks (GNNs) and 
Spiking Neural Networks (SNNs) are gaining traction, offering new ways to model and interpret the complex, 
interconnected data inherent in smart grids. For instance, GNNs could improve the modeling of electrical grids as graphs, 
enhancing the accuracy of predictive analytics for energy flow and fault detection. Another promising area is the 
application of transfer learning, where ANNs trained in one domain are adapted for use in another, potentially 
accelerating the deployment of smart grid technologies by utilizing pre-trained models from similar domains. These 
advancements could lead to more sophisticated forecasting, optimized energy management, and enhanced fault 
detection systems, driving smarter, more responsive grid operations. 

2) Integration of ANNs with Other AI Technologies like Reinforcement Learning and Deep Reinforcement 
Learning  

The integration of ANNs with reinforcement learning (RL) and deep reinforcement learning (DRL) presents 
significant opportunities for advancing smart grid management. These technologies can optimize decision-making 
processes in real-time, adapting to changes in grid conditions without human intervention. For example, DRL can be 
employed to automate the control of energy storage systems, dynamically adjusting charging and discharging cycles to 
maximize lifespan and economic benefits based on predictive inputs from ANNs. Similarly, RL could be utilized for 
dynamic pricing models in electricity markets, where prices are adjusted in real-time based on supply and demand 
forecasts made by ANNs [11]. This integration not only enhances operational efficiency but also contributes to more 
sustainable energy management practices by aligning energy production and consumption with real-time market and 
environmental conditions. 

3) Anticipated Developments in Computational Power and Algorithmic Efficiency  
As computing tools keep getting better, we can expect algorithms, especially ANNs, to get a lot stronger and more 

efficient. Quantum computing, for example, could completely change how ANNs are taught and run by making processing 
speeds and storage space exponentially faster than with traditional computing methods. This new development could 
cut the time needed to train complicated neural networks by a huge amount, letting smart grids learn and change in real 
time [12]. Additionally, ongoing improvements in hardware, like AI processors and edge computing devices, should make 
it easier to use ANN models directly on smart grid devices. These devices can process data locally, which cuts down on 
delay and the need for centralised systems. This makes smart grid operations more fast and reliable. Smart grid systems 
that are more advanced, efficient, and self-sufficient will likely be made possible by these technologies as they get better. 

 
7. CONCLUSION 

We looked at all the ways that Artificial Neural Networks (ANNs) could be used to make smart grids more stable in 
this in-depth study. As the need for cleaner, more reliable, and longer-lasting energy solutions grows, ANNs have proven 
to be both a hopeful and necessary part of smart grid management. ANNs have shown they can handle difficult problems 
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like predicting demand and supply, controlling and optimising systems in real time, finding faults and planning 
maintenance. They can do this by using different designs, such as feedforward, recurrent, and convolutional neural 
networks. ANNs use the huge amounts of data that are produced by smart grid operations to make correct guesses and 
choices in real time, which makes the grid more reliable and efficient. They change with the times and learn from new 
information, which helps them better distribute energy and use green energy sources. Not only does this help keep the 
grid stable, but it also helps the earth by using as much green energy as possible. But there are some problems with 
putting ANNs into use. The amount, type, accuracy, and speed of data, as well as other issues related to data handling, 
create big problems. Integration problems, like not being able to work with current systems, and rules and regulations 
make it harder for ANN technologies to be widely used. Furthermore, the "black box" nature of deep learning models 
causes users and authorities to worry about trust and openness. Several groups, such as experts, business professionals, 
lawmakers, and officials, need to work together to solve these problems. The future of smart grids looks very bright if 
we encourage people from different fields to work together and make AI solutions that are clear, easy to understand, and 
in line with regulations. With more study and development, ANNs will be a key part of changing smart grid systems for 
the better, making them more stable and efficient in a world that is becoming more and more digital.  

  
CONFLICT OF INTERESTS  

None.   
 

ACKNOWLEDGMENTS 
None. 
 

REFERENCES 
Deepa, N.; Pham, Q.-V.; Nguyen, D.C.; Bhattacharya, S.; Prabadevi, B.; Gadekallu, T.R.; Maddikunta, P.K.R.; Fang, F.; 

Pathirana, P.N. A Survey on Blockchain for Big Data: Approaches, Opportunities, and Future Directions. Future 
Gener. Comput. Syst. 2022, 131, 209–226.  

Liu, H.; Lang, B. Machine Learning and Deep Learning Methods for Intrusion Detection Systems: A Survey. Appl. Sci. 2019, 
9, 4396.  

Barman, U.; Choudhury, R.D. Smartphone Assist Deep Neural Network to Detect the Citrus Diseases in Agri-Informatics. 
Glob. Transit. Proc. 2022, 3, 392–398.  

Barman, U.; Barman, V.; Rahman, M.; Choudhury, N.K. Graph Based Extractive News Articles Summarization Approach 
Leveraging Static Word Embeddings. In Proceedings of the 2021 International Conference on Computational 
Performance Evaluation (ComPE), Shillong, India, 1–3 December 2021; pp. 8–11.  

Dutta, D.; Choudhury, R.D.; Barman, U. Assamese Speech-Based Vocabulary Identification System Using Convolutional 
Neural Network. Int. J. Comput. Digit. Syst. 2022, 12, 1191–1202.  

Muralitharan, K.; Sakthivel, R.; Vishnuvarthan, R. Neural Network Based Optimization Approach for Energy Demand 
Prediction in Smart Grid. Neurocomputing 2018, 273, 199–208.  

Wang, H.; Zhang, Y.-M.; Mao, J.-X. Sparse Gaussian Process Regression for Multi-Step Ahead Forecasting of Wind Gusts 
Combining Numerical Weather Predictions and on-Site Measurements. J. Wind Eng. Ind. Aerodyn. 2022, 220, 
104873.  

Ghosh, A.; Kole, A. A Comparative Analysis of Enhanced Machine Learning Algorithms for Smart Grid Stability Prediction. 
TechRxiv. 2021.  

Alquthami, T.; Zulfiqar, M.; Kamran, M.; Milyani, A.H.; Rasheed, M.B. A Performance Comparison of Machine Learning 
Algorithms for Load Forecasting in Smart Grid. IEEE Access 2022, 10, 48419–48433.  

Paraschiv, L.S.; Paraschiv, S. Contribution of renewable energy (hydro, wind, solar and biomass) to decarbonization and 
transformation of the electricity generation sector for sustainable development. Energy Rep. 2023, 9, 535–544.  

Khalid, M. Smart grids and renewable energy systems: Perspectives and grid integration challenges. Energy Strategy Rev. 
2024, 51, 101299.  

Babayomi, O.; Zhang, Z.; Dragicevic, T.; Hu, J.; Rodriguez, J. Smart grid evolution: Predictive control of distributed energy 
resources—A review. Int. J. Electr. Power Energy Syst. 2023, 147, 108812.  

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826


Kazi Kalim Nasir, Basheer Mohammed El hassan, and Dr. Raju M Sairise 
 

ShodhKosh: Journal of Visual and Performing Arts 1523 
 

Ohanu, C.P.; Rufai, S.A.; Oluchi, U.C. A comprehensive review of recent developments in smart grid through renewable 
energy resources integration. Heliyon 2024, 10, e25705. 

       
 
 
 
 
 
 

https://www.granthaalayahpublication.org/Arts-Journal/index.php/ShodhKosh
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826
https://dx.doi.org/10.29121/shodhkosh.v5.i6.2024.4826

	Efficient Artificial Neural Networks for Enhancing Smart Grid Stability: A Comprehensive Review of Techniques and Applications
	Kazi Kalim Nasir 1, Basheer Mohammed El hassan 2, Dr. Raju M Sairise3
	1 Research Scholar, Department of Electrical Engineering, Shri Jagdishprasad Jhabarmal Tibrewala University, Jhunjhunu, Rajasthan
	2 Associate Professor, Department of Electrical Engineering, Shri Jagdishprasad Jhabarmal Tibrewala University, Jhunjhunu, Rajasthan
	3 Principal & Associate Professor, Y T C E M karjat, Raigad, Maharashtra


	1. INTRODUCTION
	Figure 1

	2.  Background and Theoretical Framework
	3.  ANN Architectures for Smart Grids
	4. ANNs in Smart Grid Stability
	Figure 2
	Figure 3
	Figure 4

	5. Challenges and Limitations of Implementing ANNs in Smart Grids
	6. Future Directions and Innovations
	7. Conclusion
	CONFLICT OF INTERESTS
	ACKNOWLEDGMENTS
	REFERENCES
	Deepa, N.; Pham, Q.-V.; Nguyen, D.C.; Bhattacharya, S.; Prabadevi, B.; Gadekallu, T.R.; Maddikunta, P.K.R.; Fang, F.; Pathirana, P.N. A Survey on Blockchain for Big Data: Approaches, Opportunities, and Future Directions. Future Gener. Comput. Syst. 20...
	Liu, H.; Lang, B. Machine Learning and Deep Learning Methods for Intrusion Detection Systems: A Survey. Appl. Sci. 2019, 9, 4396.
	Barman, U.; Choudhury, R.D. Smartphone Assist Deep Neural Network to Detect the Citrus Diseases in Agri-Informatics. Glob. Transit. Proc. 2022, 3, 392–398.
	Barman, U.; Barman, V.; Rahman, M.; Choudhury, N.K. Graph Based Extractive News Articles Summarization Approach Leveraging Static Word Embeddings. In Proceedings of the 2021 International Conference on Computational Performance Evaluation (ComPE), Shi...
	Dutta, D.; Choudhury, R.D.; Barman, U. Assamese Speech-Based Vocabulary Identification System Using Convolutional Neural Network. Int. J. Comput. Digit. Syst. 2022, 12, 1191–1202.
	Muralitharan, K.; Sakthivel, R.; Vishnuvarthan, R. Neural Network Based Optimization Approach for Energy Demand Prediction in Smart Grid. Neurocomputing 2018, 273, 199–208.
	Wang, H.; Zhang, Y.-M.; Mao, J.-X. Sparse Gaussian Process Regression for Multi-Step Ahead Forecasting of Wind Gusts Combining Numerical Weather Predictions and on-Site Measurements. J. Wind Eng. Ind. Aerodyn. 2022, 220, 104873.
	Ghosh, A.; Kole, A. A Comparative Analysis of Enhanced Machine Learning Algorithms for Smart Grid Stability Prediction. TechRxiv. 2021.
	Alquthami, T.; Zulfiqar, M.; Kamran, M.; Milyani, A.H.; Rasheed, M.B. A Performance Comparison of Machine Learning Algorithms for Load Forecasting in Smart Grid. IEEE Access 2022, 10, 48419–48433.
	Paraschiv, L.S.; Paraschiv, S. Contribution of renewable energy (hydro, wind, solar and biomass) to decarbonization and transformation of the electricity generation sector for sustainable development. Energy Rep. 2023, 9, 535–544.
	Khalid, M. Smart grids and renewable energy systems: Perspectives and grid integration challenges. Energy Strategy Rev. 2024, 51, 101299.
	Babayomi, O.; Zhang, Z.; Dragicevic, T.; Hu, J.; Rodriguez, J. Smart grid evolution: Predictive control of distributed energy resources—A review. Int. J. Electr. Power Energy Syst. 2023, 147, 108812.
	Ohanu, C.P.; Rufai, S.A.; Oluchi, U.C. A comprehensive review of recent developments in smart grid through renewable energy resources integration. Heliyon 2024, 10, e25705.


