
R. Senthil Ganesh et al. | Acta Energetica 1/48 (2024) | 117–126 

Received: 25 December 2023; Revised: 02 February 2024; Accepted: 15 February 2024 

 

 

 

117 http://actaenergetica.org 

 Core Systems Reinvented: Smart Energy Technologies 

Transforming Electrical Grids 
 

 

 Dr. R. Senthil Ganesh 
Associate Professor,  

Department of Electronics and Communication Engineering,  

Sri Krishna College of Engineering and Technology,  

Coimbatore, Tamilnadu, India 

drsenthilganesh@gmail.com  

https://orcid.org/0000-0001-7381-4513 

 

Oshin Dhiman 
Information Technology Programmer Analyst, 

LaSalle College, Montreal 

oshin.dhiman@gmail.com 

 

Keywords 
Smart energy technologies, electrical grids, grid transformation, IoT devices. 

 

Abstract 
In the ever-changing world of modern energy systems, adding smart technologies has caused major changes 

in power lines around the world. This new idea came about because of the need to make things more efficient, 

reliable, and environmentally friendly while also meeting the growing demand for energy. Smart energy 

technologies, which are smart and flexible, are changing the way standard grid systems work by adding 

tracking, analytics, and control features that can be used in real time.Advanced monitors and meters that allow 

for fine-grained data collection across the grid network are at the heart of this change. These monitors make it 

easy for information to flow between devices, which gives grid workers new information about how the grid 

works, how much power is being used, and what problems might happen. At the same time, the widespread use 

of communication networks and Internet of Things (IoT) devices makes it easier to connect and send data. This 

makes it easier to connect distributed energy resources (DERs) like solar panels, wind mills, and energy storage 

systems.Also, artificial intelligence (AI) and machine learning techniques are very important for making use of 

the huge amounts of data that smart grids produce. AI-driven analytics improve projection accuracy, make grid 

operations more efficient, and find repair needs or possible problems before they happen. They do this by 

looking at past trends and predicting future demand patterns. This ability to predict repair needs cuts down on 

downtime and running costs, making the grid more reliable and able to handle new problems like hacking 

threats or extreme weather.Additionally, blockchain technology now provides independent options for managing 

transactions and enabling peer-to-peer energy trade within microgrids. This promotes energy democracy and 

gives prosumers the power to actively join in the energy market. Grid-edge computing also makes it possible to 

make decisions in real time at the network's edge, which makes the system more flexible and eases the load on 

central infrastructure. 

 
I. INTRODUCTION 

Rapid development, population growth, and the need to 

cut carbon pollution are some of the things that are 

changing the world's energy environment in big ways. 

At the heart of this change is the upgrading of power 

lines, which are being redesigned more and more by 

adding smart energy technologies [1]. These smart, 

connected, and flexible technologies are changing the 

way standard grid systems work so they can keep up 

with the changing needs of the 21st century.The old 

power grid, which is also called the "centralized" or 

"dumb" grid, was built many years ago to send energy 



R. Senthil Ganesh et al. | Acta Energetica 1/48 (2024) | 117–126 

Received: 25 December 2023; Revised: 02 February 2024; Accepted: 15 February 2024 

 

 

 

118 http://actaenergetica.org 

to homes and businesses from big, centralized power 

plants. That being said, this model isn't good enough to 

deal with the problems that come up in today's energy 

world, like the rise of electric cars, the use of more 

green energy sources, and the complexity of energy 

demand trends. So, updating the grid has become very 

important for both companies and lawmakers. This has 

led to the rise of smart energy technologies as a key 

way to change the grid.Modern devices and meters are a 

big part of smart energy technologies because they let 

you watch and collect data across the grid network in 

real time. With [2] these devices, grid workers can see 

grid performance, load patterns, and possible problems 

like never before. This lets them improve efficiency and 

make grid operations run more smoothly. Also, the 

widespread use of communication networks and 

Internet of Things (IoT) devices has made it easier to 

join and send data. This has made it easier to integrate 

DERs like solar panels, wind turbines, and energy 

storage systems. 

Traditional power [3] lines are being changed by smart 

energy technologies, which are bringing in a new age of 

efficiency, sustainability, and robustness. Adding new 

sensors, Internet of Things (IoT) devices, and 

communication networks is what makes this change 

possible. They allow tracking, data collection, and 

analysis to happen in real time across the grid network. 

These technologies give grid workers a level of insight 

into grid performance, load patterns, and possible 

problems that has never been seen before. This lets 

them improve operations and make the grid more 

reliable. The rise of distributed energy resources 

(DERs) like solar panels, wind farms, and energy 

storage systems is changing the energy environment by 

letting people make, store, and sell power back to the 

grid. This spreading out of energy output is made easier 

by smart meters and grid-edge computing, which let 

DERs and the grid join and share data easily. This gives 

users the power to take part in the energy market, which 

promotes energy democracy and lowers reliance on 

centralized power plants.Using the huge amounts of 

data that smart grids produce is also made possible by 

artificial intelligence (AI) and machine learning 

systems. By looking at past patterns and guessing what 

the future will hold for demand, these programs 

improve the accuracy of forecasts, make grid operations 

run more smoothly, and find repair needs or possible 

failures before they happen. This ability to predict 

repair needs cuts down on downtime and running costs, 

making the grid more reliable and able to handle new 

problems like hacking threats or extreme weather [4]. 

Also, machine learning and artificial intelligence (AI) 

programs are very important for making use of the huge 

amounts of data that smart grids produce. These 

programs improve projection accuracy, make grid 

operations more efficient, and find repair needs or 

possible problems before they happen. They [5] do this 

by looking at past trends and predicting future demand 

patterns. This predictive repair feature cuts down on 

downtime and running costs, making the grid more 

reliable and able to handle new problems like online 

threats or extreme weather.Also, blockchain technology 

now allows autonomous transaction management and 

peer-to-peer energy trade within microgrids. This 

promotes energy democracy and gives prosumers the 

tools they need to join in the energy market. Also, grid-

edge computing lets decisions be made in real time at 

the network's edge, which makes the system more 

flexible and eases the load on central 

infrastructure.When smart energy technologies are 

added to power lines, they make them more flexible, 

adaptable, and linked so they can meet the changing 

needs of the 21st century. These technologies are not 

only making the grid more reliable, efficient, and 

adaptable, but they are also paving the way for a more 

safe energy future and opening up new chances for 

growth and innovation. But for smart energy 

technologies to reach their full potential, utilities, 

lawmakers, regulators, and other interested parties need 

to work together to solve problems like connectivity, 

data privacy, and cyberattacks. 

II. REVIEW OF LITERATURE 

Smart energy technologies are changing power lines all 

over the world, bringing in a new age of efficiency, 

sustainability, and robustness. Several things are 

causing this change, such as the need to cut carbon 

pollution, the rise of green energy sources, and the 

rising desire for power. To deal with these issues, power 

companies and government officials are using smart 

energy technologies to update grid systems and make 

operations run more smoothly.Advanced monitors and 

meters are a key part of smart energy technologies 

because they allow tracking and data collection in real 

time across the grid network. These monitors give grid 

workers a new level of information about how the grid 

is working, how much power is being used, and what 

problems might happen. By looking at this data, 

workers can improve efficiency, cut down on 

downtime, and make grid processes run more smoothly. 

Smart meters also let you keep a closer eye on your 

energy use, which helps people control how much 

energy they use and save money.Adding distributed 
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energy resources (DERs) like solar panels, wind 

machines, and energy storage systems is another 

important part of smart energy technologies. Most of 

the time, these DERs are placed close to where the 

power is used. This cuts down on transmission losses 

and makes the grid more efficient. But adding DERs to 

the grid comes with new problems, like the need for 

more advanced control and management systems to 

keep the grid stable and reliable [6]. 

In the [7] study shows how important improved 

monitors and meters are for tracking and collecting data 

in real time across the grid network. The writers stress 

how these technologies help make the grid more 

reliable and efficient by giving grid workers specific 

information about how the grid is working and how 

much load is on it.For example, solar cells, wind 

machines, and energy storage systems are all DERs. 

One of the main areas of study in this field is how to 

combine DERs. A study [8] says that adding DERs to 

the grid brings both possibilities and difficulties for 

development. DERs can help lower carbon pollution 

and make the grid more flexible, but they need to be 

paired with complex control and management systems 

to make sure the grid stays stable and reliable. More and 

more, AI and machine learning techniques are being 

used to improve forecasts and make grid processes run 

more smoothly. The [9] study talks about how AI 

programs can look at data from monitors and meters to 

figure out when equipment will break down and plan 

repair ahead of time, which cuts down on downtime and 

makes the grid more reliable. Blockchain technology 

has become a potential way to trade and control energy 

without a single authority. It [10] look into how 

blockchain could be used to make peer-to-peer energy 

sharing possible, lower prices, and encourage people to 

use green energy. That being said, the study also shows 

that more research is needed to solve problems with 

scale and connectivity.Another thing that is being 

studied is grid-edge computing, which means handling 

data at or near the source of the data. The [11] study 

talks about how grid-edge computing can make systems 

more flexible and help people make decisions more 

quickly, which will eventually make the grid more 

efficient and reliable. 

 

Figure 1: Representation of Smart Grid in city 

Machine learning systems and artificial intelligence 

(AI) are also very important in changing power grids. 

These programs can look at huge amounts of data to 

find ways to make the grid work better, make 

predictions more accurate, and spot problems before 

they happen. For instance, AI programs can use data 

from sensors and meters to guess when equipment will 

break down. This lets workers plan repairs ahead of 

time and cut down on downtime.Also, the use of 

blockchain technology is changing the way that energy 

is handled and sold on the grid. Blockchain makes it 

possible for people to trade energy directly with each 

other, or "peer-to-peer." This open way of sharing 

energy can help lower costs, boost efficiency, and 

encourage more people to use green energy.In addition 

to these technical improvements, smart grids are also 

gaining from progress in computing at the grid edge 

[12]. Grid-edge computing doesn't use central data 

centers to handle data; instead, it does so at or near the 

source of the data. This method cuts down on delay and 

makes the system more sensitive, which lets decisions 

be made faster and grid processes run more 

smoothly.Smart energy technologies are changing the 

way electricity grids work by making them more 

efficient, long-lasting, and strong. Utilities and 

lawmakers can update grid systems and make 

operations more efficient to deal with the challenges of 

the 21st century by adding new sensors, meters, DERs, 

AI algorithms, and blockchain technology. To get the 

most out of these technologies, though, everyone 

involvedutilities, lawmakers, regulators, and consumers 

will need to work together to solve problems like 

connectivity, hacking, and data privacy.Bringing 

electrical lines up to date by adding smart energy 

technologies is becoming a subject of greater interest in 

both the scholarly and business worlds. This literature 

study looks at some of the most important research 

results and trends about how electricity grids are 

changing, with a focus on how smart energy 

technologies can make them more efficient, sustainable, 

and resilient. 



R. Senthil Ganesh et al. | Acta Energetica 1/48 (2024) | 117–126 

Received: 25 December 2023; Revised: 02 February 2024; Accepted: 15 February 2024 

 

 

 

120 http://actaenergetica.org 

Table 1: Related work in smart electric grid 

Method Key Finding Details Limitation Area Scope 

Advanced Sensors and 

Meters [12] 

Real-time monitoring 

enhances grid reliability 

Implementation of advanced 

sensors and meters provides grid 

operators with detailed insights 

into grid performance and load 

patterns. 

Data privacy concerns, 

interoperability issues 

Optimization of grid 

operations 

Integration of DERs [13] DERs increase grid 

flexibility 

Integration of distributed energy 

resources (DERs) such as solar 

panels and wind turbines 

improves grid flexibility but 

requires advanced control 

systems. 

Grid stability, 

management challenges 

Carbon emission 

reduction 

AI and Machine Learning 

[14] 

Predictive maintenance 

reduces downtime 

AI algorithms analyze data to 

predict equipment failures, 

enabling proactive maintenance 

and reducing downtime. 

Data quality, scalability Grid reliability 

enhancement 

Blockchain Technology 

[15] 

Enables decentralized 

energy trading 

Blockchain enables peer-to-peer 

energy trading, reducing costs 

and promoting renewable 

energy adoption. 

Scalability, 

interoperability 

Decentralized energy 

management 

Grid-Edge Computing [16] Improves system 

responsiveness 

Grid-edge computing processes 

data at the source, improving 

system responsiveness and 

enabling faster decision-making. 

Edge device reliability, 

latency issues 

Optimization of grid 

operations 

Demand Response [17] Enhances grid efficiency Demand response programs 

incentivize consumers to adjust 

their electricity usage during 

peak periods, reducing strain on 

the grid. 

Consumer participation, 

technology adoption 

Peak load 

management, cost 

reduction 

Microgrids [18] Increase grid resilience Microgrids can operate 

independently or in conjunction 

with the main grid, enhancing 

grid resilience and reliability. 

Integration challenges, 

scalability 

Localized energy 

distribution 

Smart Grid Communication 

[19] 

Enables efficient data 

exchange 

Smart grid communication 

technologies facilitate efficient 

data exchange between grid 

components, improving grid 

operation and management. 

Security vulnerabilities, 

standardization 

Grid monitoring and 

control 

Energy Storage Systems 

[21] 

Enhances grid stability Energy storage systems can 

store excess energy and release 

it when needed, enhancing grid 

stability and reducing reliance 

on traditional power plants. 

Cost, efficiency, 

scalability 

Grid balancing, 

renewable 

integration 

Grid Cybersecurity [22] Protects against cyber 

threats 

Grid cybersecurity measures 

protect against cyber threats and 

ensure the integrity and security 

of grid operations. 

Evolving threats, 

complexity of grid 

systems 

Data protection, 

system reliability 

Smart Grid Analytics [20] Improves decision-

making 

Smart grid analytics enable 

utilities to analyze data and gain 

insights, improving decision-

making and grid optimization. 

Data management, 

analytics complexity 

Operational 

efficiency, grid 

planning 

Renewable Energy 

Integration [23] 

Increases renewable 

energy penetration 

Smart grid technologies 

facilitate the integration of 

renewable energy sources, 

increasing their penetration into 

the grid. 

Intermittency, grid 

stability 

Renewable energy 

utilization 
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Grid Resilience Planning 

[9] 

Enhances grid resilience 

planning 

Grid resilience planning 

involves assessing 

vulnerabilities and 

implementing measures to 

enhance the grid's resilience to 

disruptions. 

Resource allocation, 

uncertainty in future 

events 

Grid resilience 

enhancement 

Smart Grid Policy and 

Regulation [10] 

Drives smart grid 

deployment 

Smart grid policies and 

regulations play a crucial role in 

driving the deployment of smart 

grid technologies and ensuring 

their effectiveness. 

Policy framework, 

regulatory alignment 

Smart grid 

development and 

deployment 

 

III. SMART CITY FORMULATION 

Formulating a framework for a smart city depends on 

mathematical modelling to make sure that energy 

management works well. A process with several 

important parts, such as the Energy Balance, Energy 

Storage, and Energy Flow models, work together to 

make the best use of energy, improve sustainability, and 

make life better in general.Focusing on matching 

energy supply and demand, the Energy Balance model 

looks at things like how energy is used, how green 

energy is produced, and how connected the grid is. This 

model helps figure out how to best use the city's 

resources to meet its energy needs while reducing waste 

and other negative effects on the environment.For 

keeping extra energy made during off-peak hours or 

from green sources, energy storage models are 

necessary. For balancing changes in supply and 

demand, these models figure out the best size and 

location of storage sites and the best way to use saved 

energy. 

Using Energy Flow models makes it easier for energy to 

be distributed efficiently in cities. For dependable and 

affordable energy delivery, these models look at things 

like energy transport losses, grid capacity limits, and 

demand-side control strategies.Combining these 

mathematical models with a smart city design can help 

towns save a lot of energy, cut down on carbon 

pollution, and make their energy systems more resilient 

overall. To make towns more safe and better places to 

live, these models help them deal with future energy 

problems like rising demand and the addition of new 

energy technologies. 

 
Figure 2: Enhancing power Grid Fault 

Mathematical framework given as: 

• Energy Balance Equations: 

𝐸1, 𝑓, 𝑡 =  𝐸2, 𝑓, 𝑡 =  𝐸𝑓, 𝑡 =  𝑃𝑉2𝐺𝑓, 𝑡 

=  𝑃𝑉2𝑀𝑓, 𝑡 

𝑢𝐸𝑐𝑗, 𝑢, 𝑓, 𝑡 +  𝑢𝐸𝑑𝑗, 𝑢, 𝑓, 𝑡 

=  𝑢𝐸𝑐𝑗, 𝑢, 𝑓, 𝑡𝑃𝐸𝑐, min ≤  𝑢𝐸𝑑𝑗, 𝑢, 𝑓, 𝑡𝑃𝐸𝑑 , min ≤  𝐸𝑚𝑖𝑛 

≤  𝐸𝑓, 𝑡 

≤  𝐸1𝑓, 𝑡 − 1 +  𝑃𝑉2𝐺𝑐𝑢 , 𝑓, 𝑡 × 𝜂𝑐 

−  𝑃𝑉2𝐺𝑑𝑢 , 𝑓, 𝑡 × 𝜂𝑑 

𝑤ℎ𝑒𝑟𝑒 𝑢 ∈  𝛺𝑢, 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

• Energy Storage Equations: 

𝐸2, 𝑓, 𝑡 − 1 +  ∑𝑗 ∈ 𝛺𝑗, 𝑢

∈ 𝛺𝑢(𝑃𝑗, 𝑢, 𝑓, 𝑡𝑉2𝑀𝑐 × 𝜂𝑐 

−  𝑃𝑗, 𝑢, 𝑓, 𝑡𝑉2𝑀𝑑 × 𝜂𝑑) − ∑𝑗

∈ 𝛺𝑗, 𝑢

∈ 𝛺𝑢𝑧𝑗, 𝑢, 𝑓, 𝑡 × (𝐸𝑙𝑗, 𝑢 − 𝐸𝑡𝑗, 𝑢) 

𝑤ℎ𝑒𝑟𝑒 𝑗 ∈  𝛺𝑗, 𝑢 ∈  𝛺𝑢, 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 
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• Energy Flows Equations: 

𝐸1, 𝑓, 𝑡 +  𝐸2, 𝑓, 𝑡 𝑓𝑜𝑟 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

𝐸1, 𝑓, 𝑡 −  𝐸1, 𝑓, 𝑡 − 1 𝑓𝑜𝑟 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

𝐸2, 𝑓, 𝑡 −  𝐸2, 𝑓, 𝑡 − 1 𝑓𝑜𝑟 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

• Additional Constraints: 

𝜇𝑚𝑗, 𝑢, 𝑓, 𝑡 𝑓𝑜𝑟 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

𝑃𝐸𝑐𝑗, 𝑢, 𝑓, 𝑡 ≤  𝑢𝐸𝑐𝑗, 𝑢, 𝑓, 𝑡𝑃𝐸𝑐, 𝑚𝑎𝑥𝑓 𝑓𝑜𝑟 𝑗 ∈  𝛺𝑗, 𝑢 

∈  𝛺𝑢, 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

𝑃𝐸𝑑𝑗, 𝑢, 𝑓, 𝑡 ≤  𝑢𝐸𝑑𝑗, 𝑢, 𝑓, 𝑡𝑃𝐸𝑑, 𝑚𝑎𝑥𝑓 𝑓𝑜𝑟 𝑗 ∈  𝛺𝑗, 𝑢 

∈  𝛺𝑢, 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

𝐸𝑚𝑎𝑥𝑓 𝑓𝑜𝑟 𝑓 ∈  𝛺𝑓𝑙, 𝑡 ∈  𝛺𝑡 

IV. GRID AUTOMATION AND CONTROL 

SYSTEMS 

A. Overview of grid automation technologies 

Grid automation technologies are very important for 

updating power systems, making the grid more reliable, 

and letting green energy sources be added. These 

technologies include a variety of ways to organize and 

improve all parts of the power grid, from power 

production and transfer to power sharing and use.Using 

high-tech monitors and tracking tools to get real-time 

information on how the grid is working is an important 

part of automating the grid. These monitors are often 

placed all over the infrastructure of the grid. They give 

workers useful information about things like voltage 

levels, current flows, and the state of equipment. After 

collecting this information, smart choices are made 

about how to run the grid, like changing the way 

electricity moves, finding and fixing flaws, or changing 

where electricity goes. 

 

Table 2: Comparison of different grid automation technologies with its parameter 

Technology Scalability Reliability Cost Flexibility Cybersecurity 

Advanced Sensors High High Moderate High Moderate 

SCADA Systems High High High Moderate High 

Distribution 

Automation 

Moderate High Moderate High Moderate 

Smart Meters High High Low High High 

Microgrids High High High High High 

 

Advanced control systems are another important part of 

grid technology that help run the grid more smoothly. 

These systems use complex algorithms to look at the 

information devices send them and make decisions in 

real time that improve the performance of the grid. 

Control systems can, for instance, change the output of 

power sources to match demand, cut down on transfer 

losses, and keep overloads from happening. They can 

also find and separate problems, change the path of 

power lines, and quickly bring service back online if 

there is a failure.Communication technologies make it 

easier for grid components and control hubs to share 

data. This is another part of grid automation. These 

technologies make it possible to watch and control the 

grid from afar, which helps workers run the grid better 

and react faster to changing conditions. For instance, 

communication tools can help combine green energy 

sources by combining their output with other production 

sources and the needs of the grid.One big benefit of 

automating the grid is that it makes the grid more 

reliable. By automating grid operations and putting in 

place advanced control systems, utilities can make 

blackouts less likely and lessen their effects when they 

do happen. For example, automation technologies can 

find and fix problems faster than people can, which cuts 

down on the time it takes to get service back to 

customers who were affected.Grid technology also 

helps companies make the grid work better and spend 

less on running it. By making the grid work better, 

utilities can cut down on transmission losses, avoid 

having to spend a lot of money on changes to the 

infrastructure, and get more out of their production and 

transmission assets overall. For instance, modern 

control systems can help utilities get the most out of 

their power sources, which can cut down on fuel costs 

and damage to the environment. 

B. Role of control systems in grid optimization: 

Control systems are very important for making sure that 

power lines work at their best so that customers can get 

electricity quickly and reliably. These systems use 

complex formulas and real-time data to make choices 

that make the best use of resources while keeping the 

grid stable. 
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• Control systems are very important for grid 

optimization because they keep track of and 

coordinate all the different parts of the power 

system to make sure it works well and reliably. A 

process outline can help you understand what 

control systems do: 

• Data Collection: Monitoring and monitors placed 

all over the grid send real-time data to control 

systems. This data includes details about the grid, 

like the power, the flow of current, and the state 

of the equipment. 

• Processing of Data: The control system uses 

complex formulas to handle the data that it has 

gathered. The data is being looked at to find 

trends, patterns, and outliers that could affect how 

well the grid works. 

• Making choices: The control system uses the 

processed data to make choices in real time that 

improve how the grid works. Some of these 

choices are changing the output of power plants, 

changing the paths of power lines, and starting 

demand response programs. 

• Implementation: The decisions are put into action 

by the control system, which sends orders to grid 

parts like transformers, motors, and switches. 

These orders are carried out to make sure the grid 

works well and regularly. 

• Monitoring and Evaluating: The control system 

keeps an eye on the grid all the time to make sure 

that the choices that have been made are working. 

It figures out how these choices will affect the 

performance of the grid and changes how it works 

based on that. 

• Feedback Loop: Operators and grid components 

give data to the control system, which helps it 

make better decisions and work better over time. 

This feedback process keeps the control system 

running at its best even when the grid conditions 

change. 

• Control tools are very important for making the 

grid work better, more efficiently, and more 

reliably through this process. They help 

companies handle the complicated nature of 

modern power systems and add green energy 

sources, which makes the grid more stable and 

long-lasting in the long run. 

C. Integration of automation and control for 

improved reliability and efficiency 

Automation and control systems must be added to 

power lines in order to make them more reliable and 

efficient. Automation is the use of advanced 

technologies to make jobs easier to do without much 

help from a person. Control systems, on the other hand, 

oversee and direct how grid components work. Putting 

these two methods together can help utilities in a 

number of ways: 

• Better Reliability: Automation and control 

systems that work together can find and fix 

problems in the grid faster and better than people 

doing it by hand. For instance, these systems can 

instantly cut off power to broken equipment, shift 

power lines, and return service to places that lost 

it. This makes blackouts less of a problem for 

customers. 

• Better Grid Resilience: When utilities combine 

technology and control, they can make the grid 

more able to handle breakdowns and get back to 

normal after them. For instance, these systems can 

help find weak spots in the grid and fix them by 

doing things like making the grid bigger or giving 

important parts more than one backup. 

• Integrated systems can improve grid operations by 

combining the output of energy sources, 

overseeing energy storage systems, and keeping 

supply and demand in balance in real time. This 

streamlining makes better use of resources, cuts 

down on energy waste, and lowers the cost of 

doing business. 

• Better Diagnostics and Monitoring: Automation 

and control systems give power companies real-

time information on how the grid is working, 

which lets them keep an eye on machine health, 

spot possible problems, and plan ahead for repair. 

This cautious method lowers the chance that 

equipment will break down and makes the grid 

more reliable overall. 

• Support for Adding green Energy: Integrated 

systems make it easier for companies to add green 

energy sources like wind and solar power to the 

grid. These systems can predict how much 

renewable energy will be produced, change the 

generator and storing resources to match, and 

handle changes in the production of renewable 

energy, which keeps the grid stable. 

D. Challenges in implementing grid automation 

It can be hard to automate the grid for a number of 

reasons, including technical and practical problems as 

well as legal and security issues. These problems can 

have a big effect on how robotic technologies are used 

and how well they work. These are some of the biggest 

problems: 
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• Cost: One of the biggest problems is that robotic 

technologies are very expensive to buy and set up 

at first. This amount covers the price of gear, 

software, setup, and upkeep. Many companies, 

especially smaller ones, can't afford to automate 

because of how much it costs. 

• Interoperability: Automation systems need to be 

able to work with old systems and grid technology 

that is already in place. Making sure that different 

tools and systems can work together can be hard 

and needs a lot of planning and money. 

• Data Management: As a result of automation 

technologies, a lot of data needs to be gathered, 

handled, and examined in real time. It is very hard 

to manage this data effectively and safely, 

especially since grid data is private. 

• Problems with regulations: Rules and laws about 

automating the power grid can be very different in 

different countries and areas. Utilities need to 

know how to follow these rules so they can use 

robotic tools successfully. 

• Cybersecurity: Cyber dangers are more likely to 

affect grid control systems as they become more 

linked and reliant on digital technologies. Making 

sure that computer systems are safe from cyber 

threats is important, but it can be hard because 

cyber threats are always changing. 

• Skills of the staff: A skilled staff is needed to set 

up and manage robotic systems. Utilities may 

have trouble finding and keeping employees with 

the right skills and knowledge. 

• Change Management: Adding automation 

technologies can mess up current processes and 

require changes to how things are done. Utilities 

needs to handle this change well so that it goes 

smoothly and workers don't fight it too much. 

• Infrastructure Limitations: Sometimes, the current 

grid infrastructure might not be able to support the 

use of robotic technologies. It can be expensive 

and take a lot of time to upgrade equipment so 

that it can support automation. 

• Public Perception and Acceptance: People may 

worry about how it will affect work, privacy, and 

the environment. Utilities need to address these 

issues by being open and honest with partners and 

working with them. 

To get past these problems, utilities, lawmakers, 

politicians, and other interested parties need to work 

together. For grid automation technologies to be put 

into use successfully, they need to be carefully planned, 

financed, and worked on by many people. 

V. DATA ANALYTICS AND PREDICTIVE 

MAINTENANCE 

A. Importance of Data Analytics in Grid 

Management: 

Data analytics is an important part of modern grid 

management because it gives companies useful 

information about how the grid works, how well it 

performs, and what repairs it needs. Utilities can make 

smart choices to make the grid more reliable, efficient, 

and environmentally friendly by looking at the huge 

amounts of data they get from monitors, smart meters, 

and other grid devices. Data analytics can help 

companies improve the way the grid works, predict and 

stop machine breakdowns, and better use green energy 

sources. In general, data analytics helps utilities make 

better, more proactive choices that improve the grid's 

total performance. 

B. Predictive Maintenance Techniques for Grid 

Infrastructure: 

Data analytics are used in predictive maintenance to 

figure out when equipment is most likely to break 

down. This way, repair can be done before it does, 

which cuts down on downtime and costs. Predictive 

repair can be used on transformers, switches, and other 

important parts of grid equipment. By looking at data 

like temperature, shaking, and load levels, utilities can 

find signs that equipment might break down and take 

steps to stop it before it does. This method can help 

companies avoid expensive unexpected power cuts and 

make their assets last longer. 

C. Use Cases Demonstrating the Value of Data-

Driven Approaches: 

The use of analytics to improve grid processes is a good 

example of how useful data-driven methods can be. 

Utilities can improve grid efficiency, cut down on 

energy costs, and make the most of generation sources 

by looking at data on grid conditions, demand trends, 

and generation sources. In predictive maintenance, 

analytics are used to figure out when machines will 

break down and plan repair ahead of time. This method 

has been shown to lower the cost of upkeep and make 

tools more reliable. 

D. Privacy and Security Considerations in Data 

Analytics for Electrical Grids: 

When electricity grids use data analytics, privacy and 

security are very important things to think about. 

Utilities must protect customer data and make sure that 

data is filtered and combined when needed to protect 

people's privacy. Also, utilities need to put in place 



R. Senthil Ganesh et al. | Acta Energetica 1/48 (2024) | 117–126 

Received: 25 December 2023; Revised: 02 February 2024; Accepted: 15 February 2024 

 

 

 

125 http://actaenergetica.org 

strong protection means to keep data safe from hackers 

and people who aren't supposed to have access to it. 

This includes encrypting data, authenticating users, and 

keeping an eye on who accesses data so that security 

risks can be found and dealt with. The data analytics is 

an important part of modern grid management because 

it helps utilities run their systems more efficiently, make 

them more reliable, and make them more 

environmentally friendly. Utilities can make better 

choices that are better for their users and their business 

by using data analytics and predictive maintenance. But 

utilities also need to think about privacy and security to 

make sure that data is safe and used in the right way. 

VI. CONCLUSION 

Smart energy technologies are changing the way 

electrical grids work, which means a big change in how 

we make, share, and use power. These technologies, 

like grid automation, data analytics, and predictive 

maintenance, make things more reliable, efficient, and 

environmentally friendly. By combining these 

technologies, utilities can improve the level of service 

for users, make the grid work better, and cut costs.  One 

important thing to remember from this talk is how 

important data analytics are for managing grids. By 

using the power of data, utilities can learn a lot about 

how the grid is working and make smart choices that 

will make it more reliable and efficient. Predictive 

maintenance methods are also very important for 

making sure that grid infrastructure is reliable because 

they help utilities find and fix problems before they 

cause downtime or failure. One more important thing to 

remember is that strong protection means are needed to 

keep grid systems safe from online dangers. 

Cyberattacks are more likely to happen as grids become 

more linked and reliant on digital technologies. Utilities 

need to put hacking first to protect the grid's stability 

and dependability. The development of smart energy 

technologies is changing power lines, which is a big 

chance to make the way we use and handle electricity 

better. Utility companies can make energy systems that 

are more reliable, efficient, and long-lasting by using 

these technologies. This is good for the environment 

and for society as a whole.  
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