
Nouby M. Ghazaly et al. | Acta Energetica 1/47 (2023) | 49–59 

Received: 08 March 2023; Revised: 10 April 2023; Accepted: 18 May 2023 

 

 

 

49 http://actaenergetica.org 

 Innovative Approaches to Smart Energy Integration in 

Core Electrical Systems 
 

 

 Nouby M. Ghazaly 
Professor, Faculty of Engineering, 

South Valley University, Qena 83523, Egypt. 

 

 

Ritika Dhabliya 
Director, Yashika Journal Publications Pvt. Limited, Wardha, Maharashtra, India 

Email: ritikadhabalia@gmail.com 

 

Keywords 
Smart energy integration, Renewable energy sources, Biomass energy, Advanced metering infrastructure. 

 

Abstract 
Integrating green energy sources into main power systems creates both chances and problems for making 

the energy supply stable and long-lasting. This essay looks at new ways to efficiently combine green energy 

sources like solar and wind power with other energy sources like biomass to make the system stable and long-

lasting.One big problem with green energy sources is that they fluctuate based on the weather. In response, 

smart energy systems are being created that will cleverly combine green energy sources with biomass energy to 

keep things stable. The sun and wind can provide energy when conditions are right, and waste energy can be 

used when natural resources are low.Different creative methods are being used to improve the merging of 

smart energy. Using improved tracking systems for watching in real time, microgrid for producing energy 

locally, and energy storage technologies for keeping extra energy are a few examples. Additionally, demand 

response systems are being used to control the amount of energy needed during busy times, which improves 

both usage and grid security.Furthermore, combining artificial intelligence and machine learning techniques 

makes it possible to predict energy demand and supply and do preventative repair on energy infrastructure. 

Security and openness are built into energy deals with blockchain technology, and the Internet of Things lets 

people watch and control how much energy buildings and factories use.Intelligent energy systems can make the 

energy supply more safe, reliable, and long-lasting by using these new methods. This will lead to a cleaner and 

more efficient future. 

 
I. INTRODUCTION 

Energy is a key factor in making technology progress 

possible, and the long-term health of all economies 

around the world depends on it. Every process and 

technical item in the world today depends on energy. As 

a result, the demand for energy is rising, which means 

that more energy needs to be produced. In the past, 

most of the world's energy came from nonrenewable 

sources. But now, over the next ten years, plans and 

strategies are being made to switch to renewable energy 

sources. With this change, some countries hope to get 

all of their energy from green sources.As the world 

moves toward more sustainable energy use, it becomes 

more important to make sure that future energy creation 

is both enough and good for the environment [1]. To 

reach this goal, smart energy systems are very 

important. These systems are made to be efficient, cost-

effective, and long-lasting, and they only use green 

energy sources. Smart energy systems don't make the 

cost of making energy much higher like regular energy 

sources do. They use tools and resources that are clean, 

stable, and cheap, and are judged on how well they 

protect the earth.To set up smart energy systems, you 

need to carefully look at the tools we already have and 

the big changes that are needed to go from old systems 

to smart ones. To make sure longevity, this means 

making current processes work better with energy and 

the environment. Many countries, including ours, have 
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a lot of green energy potential that isn't being used. To 

make sure there is a steady flow of energy, it is 

important to combine these sources in a smart way [2]. 

Smart energy solutions [3] need to be built into basic 

electricity systems in order for the energy grid to be 

safe and efficient. Since the world is moving more and 

more toward sustainable energy sources like solar and 

wind power, it's becoming more and more important to 

come up with new ways to connect them to current 

power grids. This essay looks into the idea of smart 

energy integration and how it can help make core 

electricity systems more efficient, reliable, and long-

lasting.Adding green energy sources, energy storage 

systems, and advanced control technologies to current 

power lines in a way that doesn't affect them is called 

"smart energy integration." This combination makes it 

easier to use green energy sources like solar and wind 

power more efficiently by improving how they are 

made, distributed, and used. It also makes it easier to 

control the supply and demand of energy, which makes 

the grid more stable and reliable. 

Making an energy system [4] that is more adaptable and 

flexible so that it can react to changes in energy supply 

and demand in real time is what smart energy 

integration is all about. Smart energy integration tries to 

turn regular power lines into smart, self-regulating 

systems by using technologies like improved measuring 

infrastructure, energy storage systems, and demand 

response systems. It's hard to say enough good things 

about integration of smart energy, especially since we 

need to cut down on greenhouse gas emissions and meet 

rising energy needs. Renewable energy sources, like 

solar and wind power, are a long-term option to fossil 

fuels. However, [5] because they don't work all the 

time, they make it harder for the grid to be stable and 

reliable. These problems can be solved by smart energy 

integration, which makes it possible for green energy 

sources to be easily added to current power lines.Smart 

energy integration is also a key part of making energy 

use more efficient and cutting down on waste. Smart 

energy integration helps to reduce energy waste and 

raise total energy efficiency by making the most of how 

energy is produced, distributed, and used. This is 

especially important because we need to lessen the 

damage that making and using energy does to the world 

and the desire for energy is growing. 

This paper is about looking into new ways to 

incorporate smart energy into basic electricity systems. 

The [6] different methods and plans that can be used to 

improve grid stability, dependability, and sustainability 

will be talked about. The goal is to make energy 

production, transport, and use more efficient. The study 

will also look at the pros and cons of integrating smart 

energy and talk about what might happen in this field in 

the future. This paper wants to add to the finding about 

sustainable energy solutions by showing how important 

it is to integrate smart energy and talking about new 

ways to do it. The ideas in this paper should help 

lawmakers, energy planners, and people in the energy 

business make smart choices about the future of energy 

infrastructure. 

II. BACKGROUND 

Many research studies have looked at new ways to add 

smart energy to main electrical systems. These studies 

have mostly focused on adding improved control 

systems, energy storage technologies, and green energy 

sources. It is clear from these studies that adding smart 

energy can make electricity grids more efficient, 

reliable, and long-lasting.Advanced control systems for 

handling the addition of green energy sources to current 

power lines are an important area of study. For instance, 

[7] suggested a hierarchical control scheme for 

organizing the operation of spread energy resources like 

wind mills and solar panels in order to get the most 

energy out of the energy that is produced and used. To 

keep the grid stable and reliable, the system uses both 

local and centralized control methods.Storage systems 

for energy are an important part of smart energy 

integration because they let us save extra energy from 

green sources for times when demand is high. A 

number of studies have looked into how different types 

of energy storage devices, like batteries, pumped water, 

and thermal storage, can be used to store energy on a 

large scale. As an example, [8] looked into whether it 

would be technologically and economically possible to 

add battery energy storage systems to the power grid. 

They found that doing so could make the grid more 

stable and reliable. 

Another important part of smart energy integration is 

demand response systems. These help companies 

control energy demand by giving customers a reason to 

change or lower their power use during busy times. The 

researcher[9] came up with a demand response strategy 

based on game theory to help homes use energy more 

efficiently. They showed that this strategy worked to 

lower high demand and make the grid more 

stable.Adding green energy sources to main power grids 

needs the creation of improved predicting methods that 

can figure out how much energy will be made and used. 

With the help of artificial neural networks and particle 

swarm optimization, [10] created a hybrid forecasting 

model for predicting solar power generation. They 
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showed that it was accurate at predicting short-term 

solar power generation.Aside from new technologies, 

many studies have also looked at how policies and rules 

can help add green energy sources to power lines that 

are already in place. For instance, [11] looked at how 

policy benefits affected the installation of solar 

photovoltaic systems. This shows how important it is 

for policies to support the use of green energy 

technologies. We can make electricity grids more 

efficient, reliable, and long-lasting by using advanced 

control systems, energy storage technologies, demand 

response systems, and predicting methods. This will 

lead to a cleaner and more sustainable energy future. 

Table 1: Summary of related work 

Method Type of 

Energy 

Key Finding Pros Cons 

Hierarchical control 

framework [12] 

Renewable Coordinating distributed 

energy resources to optimize 

energy generation and 

consumption. 

- Optimizes energy 

generation and consumption. 

- Ensures grid stability and 

reliability. 

- May require complex 

control algorithms. - 

Centralized control may 

introduce single points of 

failure. 

Techno-economic 

feasibility study of 

battery storage [13] 

Renewable Battery energy storage 

systems can enhance grid 

stability and reliability. 

- Improves grid stability and 

reliability. - Enables 

integration of intermittent 

renewable energy sources. 

- Initial investment costs may 

be high. - Battery disposal 

and recycling issues. 

Demand response 

strategy based on 

game theory [14] 

Renewable Game theory-based 

strategies can optimize 

energy consumption in 

residential buildings. 

- Reduces peak demand and 

improves grid stability. - 

Allows for flexible energy 

consumption patterns. 

- Requires cooperation from 

consumers. - May be 

complex to implement in 

practice. 

Hybrid forecasting 

model for solar power 

generation [15] 

Solar Hybrid forecasting model 

based on artificial neural 

networks and particle swarm 

optimization accurately 

predicts short-term solar 

power generation. 

- Improves accuracy of solar 

power generation forecasts. - 

Enables better integration of 

solar power into the grid. 

- Requires data-intensive 

training and tuning. - May be 

sensitive to changes in 

weather patterns. 

Policy incentives for 

solar photovoltaic 

systems [16] 

Solar Policy incentives play a 

crucial role in promoting the 

adoption of solar 

photovoltaic systems. 

- Promotes the adoption of 

renewable energy 

technologies. - Supports the 

growth of the solar energy 

industry. 

- Policy incentives may be 

costly for governments. - 

Incentive programs may 

require frequent adjustments. 

Virtual power plants 

[17] 

Renewable Aggregating distributed 

energy resources into a 

unified system for better grid 

integration. 

- Improves grid flexibility 

and resilience. - Enables 

better utilization of 

renewable energy sources. 

- Coordination of diverse 

energy resources may be 

challenging. - Requires 

advanced control and 

communication systems. 

Peer-to-peer energy 

trading [18] 

Renewable Direct trading of energy 

between consumers and 

producers using digital 

platforms. 

- Promotes energy 

independence and local 

energy markets. - Reduces 

reliance on centralized 

energy suppliers. 

- Requires robust digital 

infrastructure. - Regulatory 

and legal challenges may 

arise. 

Energy-efficient 

buildings [19] 

Renewable Integration of energy-

efficient technologies in 

buildings to reduce energy 

consumption. 

- Reduces energy 

consumption and carbon 

emissions. - Improves indoor 

comfort and air quality. 

- Initial costs of energy-

efficient technologies may be 

high. - Retrofitting existing 

buildings can be challenging. 

Microgrids [20] Renewable Small-scale power grids that 

can operate independently or 

in conjunction with the main 

- Enhances grid resilience 

and reliability. - Enables 

integration of renewable 

- Implementation costs may 

be high. - Coordination with 

the main grid may be 
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grid. energy sources at the local 

level. 

complex. 

Advanced metering 

infrastructure [21] 

Renewable Real-time monitoring of 

energy consumption for 

optimized distribution 

networks. 

- Enables better management 

of energy demand and 

supply. - Supports 

integration of renewable 

energy sources. 

- Deployment costs may be 

significant. - Privacy and data 

security concerns. 

Internet of Things 

(IoT) [22] 

Renewable Utilization of IoT devices for 

monitoring and controlling 

energy usage. 

- Improves energy 

management and 

optimization. - Enables real-

time monitoring and control. 

- Security vulnerabilities. - 

Requires robust network 

infrastructure. 

Energy storage 

technologies [23] 

Renewable Deployment of various 

energy storage solutions such 

as batteries and pumped 

hydro for storing excess 

energy. 

- Enables storage of excess 

energy for later use. - 

Enhances grid stability and 

reliability. 

- Initial investment costs may 

be high. - Environmental 

impacts of energy storage 

technologies. 

 

III. SMART ENERGY CONCEPT 

A. Smart Electric Grid: 

Modernized electricity grids use information and 

communication technology (ICT) to automatically 

gather and act on data. This is what the smart electric 

grid is. It has improved control and tracking systems, 

energy storage devices, and green energy sources to 

make it more efficient, reliable, and long-lasting.Adding 

sustainable energy sources like solar and wind power to 

the grid is one of the most important parts of the smart 

electric grid. This is made possible by smart meters, 

improved transformers, and grid control systems that 

can change based on changes in supply and demand. 

The smart grid makes us less dependent on fossil fuels 

by using alternative energy sources. This lowers 

greenhouse gas pollution and supports a more safe 

energy future.Energy storage devices, like batteries and 

pumped hydro storage, are another important part of the 

smart electric grid. They store extra energy that is made 

when demand is low. The saved energy can then be 

used during times of high demand, which means that 

expensive and harmful peaker plants are not needed.The 

smart energy grid also has advanced control and 

tracking systems that let you see how the grid is doing 

in real time and take control of its assets from afar. This 

makes it easier to control the grid, which cuts down on 

downtime and makes it more reliable overall.Overall, 

the smart electric grid is a big step forward in the area 

of electrical engineering. It makes the future energy 

system more safe, efficient, and reliable. 

 
Figure 1: Representation of Smart grid as electricity 

power  

B. The Smart Thermal Grid:  

The smart thermal grid is an updated way to heat and 

cool that uses ICT to make the best use of energy and 

lessen its effect on the environment. It combines green 

energy sources, like geothermal and solar thermal 

energy, with heating and cooling methods that use less 

energy. This makes the heating and cooling system 

more environmentally friendly and effective.One 

important thing about the smart thermal grid is that it 

can use green energy sources for both warmth and 

cooling. To do this, heat pumps, sun thermal collectors, 

and geothermal heat exchanges are used. These devices 

get heat from natural sources and send it through the 

grid. The smart heating grid cuts down on greenhouse 

gas pollution and our dependence on fossil fuels by 

using energy from natural sources.A smart thermal grid 

is also important because it uses technologies that use 

less energy, like heat pumps and district heating and 

cooling systems, to lower the amount of energy that is 
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used. These technologies use less energy to heat and 

cool at the same level, which lowers energy costs and 

has a smaller effect on the earth.The smart thermal grid 

also has advanced control and tracking systems that let 

you see how much energy is being used in real time and 

change how much energy is being used based on 

demand. This lets energy be used more efficiently, 

cutting down on waste and making the system work 

better overall.The smart thermal grid makes heating and 

cooling in buildings and towns more reliable, efficient, 

and long-lasting. It also helps lower energy costs and 

damage to the environment. 

C. The Smart Gas Grid:  

The smart gas grid is a newer way to distribute natural 

gas that uses ICT to make it safer, more reliable, and 

more efficient. It uses advanced tracking and control 

systems along with low-carbon and natural gas sources 

to cut down on greenhouse gas pollution and support a 

more environmentally friendly energy future.A big part 

of the smart gas grid is that it uses high-tech control and 

tracking systems to find leaks and other problems in the 

gas delivery system. With monitors and online tracking, 

these systems can quickly find and fix problems, which 

lowers the risk of crashes and raises the level of safety 

generally.Biogas and hydrogen are two examples of 

green and low-carbon gas sources that are built into the 

smart gas grid. This cuts down on greenhouse gas 

pollution and our dependence on fossil fuels, making 

the future of energy more sustainable.The smart gas 

grid can also make the best use of gas distribution based 

on demand, which is another important feature. Modern 

control systems can change the rates of gas flow and the 

way it is distributed in real time, making sure that 

customers get gas quickly and consistently.Overall, the 

smart gas grid provides a more long-lasting, effective, 

and dependable way to distribute gas, which helps 

protect the environment and encourage a cleaner energy 

future. 

IV. INNOVATIVE APPROACH IN SMART 

ENERGY SYSTEM 

Solar and wind power are important parts of a 

sustainable energy future, but their sporadic nature 

makes it harder to make sure there is a steady flow of 

energy. Solar rays and wind speeds change based on the 

weather, which causes changes in how much energy is 

made. Because of this unpredictability, there may be 

times when too much energy is produced or not enough 

to meet demand.Because of this, smart energy systems 

are being made that combine green energy sources with 

other energy sources, like biomass. Biomass energy can 

help keep production and usage stable, which makes the 

energy source more steady and long-lasting.One idea is 

to use plant energy as an extra source of power when 

sun and wind power aren't available. Biomass can be 

used to make energy like heat, biogas, or power when 

the sun or wind isn't shining or blowing hard. This 

adaptability lets a more balanced energy mix happen, 

which lowers the energy system's reliance on fossil 

fuels and makes it more resilient overall. 

 
Figure 2: Exception from the Smart Energy System 

Biomass energy can also be saved and used when green 

energy sources aren't available. This makes it a good 

backup choice. There are different ways to keep 

biomass, such as as solid biomass (like wood pellets), 

liquid biofuels (like biodiesel), or gaseous biofuels (like 

biogas). Because it can store energy, biomass can be 

used when it's needed, which helps to keep the energy 

supply stable and meet changes in demand.Besides 

stabilizing things, biomass energy is also good for the 

earth. Biomass is a carbon-neutral energy source 

because the carbon dioxide that is released when it is 

burned is balanced out by the carbon dioxide that is 

taken in when the biomass fuel grows. This helps slow 

down climate change by cutting down on greenhouse 

gas pollution. In adding biomass energy to smart energy 

systems seems like a good way to deal with the 

problems caused by green energy sources that don't 

always work. Smart energy systems can make sure that 

there is a more stable, reliable, and long-lasting energy 

source by using biomass to keep production and usage 

stable. This method helps with the fluctuating nature of 

solar and wind power and is also good for the 

environment, which makes it an important part of a 

future with sustainable energy. 
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Table 2: Summary of different Innovative Approach 

Innovative Approach Description 

Advanced Metering 

Infrastructure 

Implementation of smart meters 

and communication systems for 

real-time monitoring of energy 

consumption and optimization of 

distribution networks. 

Microgrids Small-scale power grids that can 

operate independently or in 

conjunction with the main grid, 

integrating renewable energy 

sources and enabling localized 

energy production and 

distribution. 

Energy Storage 

Technologies 

Deployment of various energy 

storage solutions such as 

batteries, pumped hydro, and 

thermal storage to store excess 

energy generated from 

renewables and release it during 

periods of high demand. 

Demand Response 

Systems 

Systems that allow utilities to 

manage energy demand by 

incentivizing consumers to reduce 

or shift their electricity usage 

during peak periods, thus 

optimizing energy consumption 

and grid stability. 

Virtual Power Plants Aggregation of multiple 

distributed energy resources, such 

as solar panels and batteries, into 

a unified system that can be 

controlled centrally, enabling 

better integration of renewables 

and improved grid stability. 

Blockchain Technology Use of blockchain for secure and 

transparent energy transactions, 

enabling peer-to-peer energy 

trading, automated payments, and 

verification of the origin and 

sustainability of energy sources. 

Artificial Intelligence and 

Machine Learning 

Integration of AI and ML 

algorithms for predictive 

maintenance of energy 

infrastructure, optimization of 

energy distribution, and 

forecasting of energy demand and 

supply, leading to more efficient 

and reliable energy systems. 

Internet of Things (IoT) Utilization of IoT devices for 

monitoring and controlling 

energy usage in buildings and 

industrial processes, enabling 

more efficient energy 

management and optimization of 

energy consumption. 

Grid Edge Technologies Deployment of sensors, smart 

inverters, and other devices at the 

edge of the grid to enable real-

time monitoring and control of 

energy flows, improving grid 

resilience and enabling 

integration of renewables. 

Electrification of 

Transportation 

Transitioning from fossil fuel-

powered vehicles to electric 

vehicles, which can serve as 

mobile energy storage units and 

be integrated into smart grids, 

supporting grid stability and 

increasing the share of renewable 

energy in transportation. 

Energy Efficient 

Buildings 

Integration of energy-efficient 

technologies and design 

principles in buildings to reduce 

energy consumption and demand, 

contributing to overall energy 

savings and sustainability. 

Peer-to-Peer Energy 

Trading 

Direct trading of energy between 

consumers and producers using 

digital platforms, bypassing 

traditional energy suppliers and 

enabling more efficient use of 

renewable energy resources. 

 

V. SMART ENERGY SYSTEM AND 

APPROACH 

A. Smart Energy System and Smart Grids: 

Smart energy systems use many different technologies 

and methods to make the process of making, 

distributing, and using energy more efficient. Smart 

grids are at the heart of these systems. These are 

updated power grids that use digital technologies to 

make them more efficient, reliable, and long-

lasting.Smart grids let power makers and users talk to 

each other back and forth, so they can watch and control 

the flow of energy in real time. Smart meters, which 

give specific information about how much energy is 

used and made, make this two-way contact possible. 

Grid workers can improve grid security, cut down on 

waste, and find the best way to distribute energy by 

looking at this info.One of the best things about smart 

grids is that they can connect green energy sources like 

wind and solar power to the grid. Traditional grid 

control is hard to do because these sources are often 

irregular and spread out. But smart grids can adapt to 

changes in supply and demand on the fly, making sure 

that green energy is used effectively.Smart grids also 

make it possible to add energy storage technologies like 

batteries and pumped water storage. With these 

technologies, extra energy made when demand is low 
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can be saved and used when demand is high, so there is 

no need for expensive and damaging peaker plants. The 

smart energy systems and smart grids change the way 

we make, share, and use energy in a big way. With the 

help of digital technologies, these systems provide a 

future energy grid that is more durable, efficient, and 

dependable. 

B. Advanced Grid Management Systems: 

 Advanced grid management systems (AGMS) are an 

important part of smart energy systems because they let 

grid workers see and handle the flow of power in real 

time. These systems use high-tech monitors, data 

networks, and software programs to make the grid work 

better and be more reliable.One important thing about 

AGMS is that they can find and fix problems with the 

grid in real time, like when the power goes out or 

equipment breaks down. AGMS can limit the effect on 

users and cut down on downtime by quickly finding and 

separating these problems.Additionally, AGMS help the 

addition of green energy sources by giving grid workers 

a clear picture of how energy is produced and used. 

This information helps companies better balance supply 

and demand, which makes sure that green energy is 

used in the best way possible.Additionally, AGMS 

allow demand response programs, which give people a 

reason to use less energy during busy times. By using 

less energy during off-peak hours, people can help the 

grid work better and save money on their energy bills 

generally. AGMS are very important for making the 

change to a more stable and safe energy system 

possible. AGMS are necessary for smart energy systems 

to reach their full potential because they give grid 

workers the tools they need to handle the complexity of 

modern energy systems. 

 
Figure 3: Representation of Advance Metering System 

C. Artificial Intelligence and Machine Learning 

Applications: 

AI and ML are changing the way we handle and 

improve energy systems. These technologies let 

computers look at a lot of data and make smart choices, 

which makes managing energy more efficient and 

effective.Predictive maintenance is one of the most 

important ways that AI and ML are used in energy 

systems. AI can figure out when equipment is likely to 

break down and plan repair before it happens by 

looking at data from sensors and other sources. This 

cuts down on system downtime and upkeep costs while 

also making the system more reliable overall.AI and 

ML are also very important for making the best use of 

energy production and use. AI programs can look at 

weather data to guess how much power solar and wind 

will produce, which lets grid workers change how much 

energy they produce. ML systems can also look at 

trends of energy use to find ways to save energy and 

make things run more efficiently.Demand reaction is 

another important way that AI and ML are used in 

energy systems. AI can make demand response systems 

work better by looking at how people behave and what 

they like. This will give people a reason to use less 

energy during busy times. This keeps the grid's supply 

and demand in balance and cuts down on the need for 

pricey peaker plants.Overall, AI and ML are changing 

the energy business by making energy management 

more safe and efficient. We can make energy systems 

better fit the needs of today's society and protect a more 

sustainable future by using the power of these tools. 

D. Blockchain Technology for Energy Transactions:  

Blockchain technology is changing the way energy 

transactions are done by providing a safe, open, and free 

way to handle power deals. Blockchain can be used in 

smart energy systems to make it easier for people to 

trade energy with each other, to handle payments, and 

to check where energy comes from and how long it will 

last.One of the best things about blockchain technology 

is that it can make energy transfers safe and clear. 

Because blockchain is a decentralized log, all 

transactions are recorded and checked by many people. 

This makes it very hard to change or mess with 

transaction records. Thus, energy deals are kept safe 

and open, lowering the chance of fraud and building 

trust among all parties involved.It's also possible for 

people to trade energy directly with each other, without 

going through a central broker. This is called peer-to-

peer sharing. This can help customers save money on 

their energy bills and encourage the use of renewable 

energy sources by letting them directly support local 

makers of renewable energy.Blockchain can also be 

used to check where energy sources come from and 

how long they will last. People can be sure that the 

energy they use comes from green sources and meets 

certain sustainable standards by putting data about how 
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much energy is produced and used on the blockchain. 

Blockchain technology could change the energy 

business by making energy deals safe, clear, and open. 

We can make a better, more safe, and fair energy 

system for the future by using blockchain technology. 

 
Figure 4: Energy Transaction with Blockchain for 

Energy Audit 

E. Edge computing for real-time data processing:  

Edge computing is a type of distributed computing that 

moves processing and storage closer to where they are 

needed. Edge computing can process real-time data 

from monitors and devices at the edge of the grid in 

smart energy systems. This lets people make decisions 

faster and handle energy more efficiently.One of the 

best things about edge computing is that it can cut down 

on delay in data handling. Edge computing can cut 

down on the time it takes to examine data and make 

choices by processing it closer to where it is generated. 

This is very important in situations where real-time data 

processing is needed, like in smart energy systems.Edge 

computing can also cut down on the amount of data that 

needs to be sent over the network, which is another 

benefit. Edge computing can get rid of unnecessary data 

and only send important information by handling it 

locally. This lowers the amount of bandwidth needed 

and makes the network work better overall.Smart 

energy systems are also more reliable and resilient 

when edge computing is used. Edge computing can 

make sure that energy management functions keep 

running even if some devices fail or lose connections by 

spreading processing resources across many edge 

devices.Overall, edge computing is very helpful for 

smart energy systems because it makes managing 

energy faster, more reliable, and more efficient. 

Table 3: Summary of Smart energy system with Pros and Cons  

Energy 

Type 

Approach Advantage Limitation 

Solar Photovoltaic (PV) 

panels 

- Harnesses energy from the sun. - Low 

operating costs. 

- Dependent on sunlight availability. - 

Initial installation costs can be high. 

Wind Wind turbines - Utilizes wind energy. - Low operating 

costs compared to fossil fuels. 

- Wind energy availability varies. - Can 

be noisy and impact wildlife. 

Biomass Biomass energy 

generation 

- Uses organic materials for energy 

production. - Can help manage waste. 

- Carbon emissions from burning 

biomass. - Requires large land areas for 

production. 

Geothermal Geothermal heat 

pumps 

- Uses heat from the earth's crust for 

heating and cooling. - Low operating 

costs. 

- Limited to areas with geothermal 

activity. - High upfront installation costs. 

Hydroelectric Hydroelectric power 

generation 

- Utilizes flowing water to generate 

electricity. - Low carbon emissions. 

- Limited to areas with sufficient water 

resources. - Can impact aquatic 

ecosystems. 

Tidal Tidal energy 

generation 

- Harnesses energy from tidal 

movements. - Predictable and reliable 

energy source. 

- Limited to coastal areas with strong 

tidal currents. - High installation and 

maintenance. 

Wave Wave energy 

conversion 

- Converts wave motion into electricity. 

- Low carbon emissions. 

- Reliability depends on wave patterns. - 

High upfront costs. 

Microgrids Decentralized 

energy distribution 

- Increases grid resilience and 

reliability. - Enables integration of 

renewable energy sources. 

- Requires significant investment in 

infrastructure. - Coordination challenges 

with main grid. 
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VI. CHALLENGES IN SMART ENERGY 

INTEGRATION 

A. Grid Stability and Reliability: 

Making sure the grid is stable and reliable is one of the 

biggest problems with integrating smart energy. Adding 

irregular green energy sources like solar and wind 

power to the grid can make it less stable and 

predictable, which can cause voltage and frequency 

changes. If these changes aren't handled properly, they 

can make the grid less stable and cause power 

blackouts.To deal with this problem, grid workers need 

to set up powerful tracking and control systems that can 

respond instantly to changes in supply and demand. To 

keep the grid stable and balance supply and demand, 

this could mean using tools for energy storage, demand 

response programs, and grid control systems. 

B.  Integration of Intermittent Renewable Energy 

Sources: 

Adding intermittent renewable energy sources like solar 

and wind power is another problem in integrating smart 

energy. Renewable energy sources rely on the weather 

and may not always be available when needed. This is 

different from traditional energy sources, which can be 

sent out whenever they are required.To deal with this 

problem, grid workers need to come up with ways to 

make the fluctuations of green energy sources less 

noticeable. This could mean using technologies that 

store energy to get rid of extra energy made when 

production is low and store it again when production is 

high. Demand response programs may also be used to 

change when people use energy so that it is used when 

green energy production is high. 

C. Cybersecurity Concerns: 

As smart energy systems become more linked and 

reliant on digital technologies, they become more open 

to hacking. Concerns about cybersecurity in smart 

energy integration include hackers who might stop the 

production and distribution of energy, steal private 

information, or get into important systems without 

permission.To deal with these worries, grid owners 

need to put in place strong security measures like 

firewalls, encryption, and intruder detection systems. 

Also, they need to make sure that all the devices that are 

linked to the grid are safe and are updated regularly to 

keep them safe from new threats. 

D. Regulatory and Policy Challenges: 

Problems with rules and laws can also make it harder to 

use smart energy. Grid managers may not be able to use 

new technologies or business models that would make 

things more efficient and environmentally friendly 

because of old rules. Also, laws that are different in 

different areas can make it hard for smart energy 

systems to work together across regions.To deal with 

these problems, lawmakers need to make rules that 

support the use of smart energy systems that are clear 

and uniform. To do this, rules might need to be updated 

to include new technologies and rules should be the 

same in all areas to make it easier for people to work 

together across borders. 

 

VII. CONCLUSION 

The addition of smart energy systems to main power 

lines is a big step toward building a long-lasting, 

efficient, and dependable energy system. Smart grids, 

improved grid control systems, artificial intelligence, 

and blockchain technology are just a few of the new 

technologies and ways of doing things that can help us 

meet the needs of an energy world that is changing 

quickly.One great thing about smart energy integration 

is that it makes it easier to add sustainable energy 

sources like solar, wind, and biomass to the grid. These 

energy sources are better for the environment and can 

last longer than fossil fuels. They help lower 

greenhouse gas emissions and slow down climate 

change.Smart energy integration can also make the grid 

more stable and reliable, which is another big benefit. 

Advanced control and tracking systems help grid 

workers better handle the flow of energy, fix problems 

with the grid, and make sure that customers always 

have access to power.However, integrating smart 

energy comes with some problems, such as keeping the 

grid stable, using irregular green energy sources, 

worries about hacking, and problems with following the 

rules. To solve these problems, people in the business, 

lawmakers, and academics will need to work together to 

come up with new ways to make smart energy systems 

stable, reliable, and long-lasting.In general, adding 

smart energy systems to main power lines looks like a 

good way to make the future of energy more safe and 

efficient. We can make a cleaner, more reliable energy 

grid that meets the needs of future generations if we 

keep investing in and coming up with new smart energy 

solutions. 
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