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Abstract: - To accomplish a sustainable energy future, this article researches the consolidation of computerized reasoning (AI) into 

request reaction components inside smart grids. While considering the joining of sustainable power sources and expanding energy 

utilization, current energy frameworks depend altogether on load the executives and continuous energy request reaction. Conventional 

methodologies battle with the intricacies of dynamic energy situations. Results from the examination feature the worth of AI and ML for 

enhancing energy use. Versatile learning for energy proficiency, exact interest determining, continuous observing, and sustainable power 

source mix are completely made conceivable by these innovations. An intensive vision for the Smart Lattice is introduced, underscoring 

financial matters, proficiency, wellbeing, ecological obligation, security, and reliability. We check out at the benefits and downsides of 

incorporating energy stockpiling gadgets and the job of circulated framework insight. The determination gives a careful future vision to 

AI-enhanced request reaction in smart grids by featuring research issues connected with self-learning frameworks, complete robotization, 

self-recuperating grids, fitting and-play advances, network safety, and labor force improvement. 

Keywords: Smart Grid, Demand Response, Artificial Intelligence, Machine Learning, Energy Efficiency, Renewable 

Energy Integration, Distributed Grid Intelligence, Energy Storage Systems, Grid Automation, Sustainable Energy. 

1. INTRODUCTION  

Energy request reaction and burden control progressively are vital parts of current energy frameworks, which 

requires an exhaustive handle of the perplexing elements and challenges included [1]. To maintain the strength, 

reliability, and productivity of energy networks all at once of rising energy utilization, mix of environmentally 

friendly power, request reaction, and burden control strategies, as well as an assortment of energy sources, is 

presently fundamental. 

Adjusting one's energy use continuously to fluctuating organic market is alluded to as ongoing energy request 

reaction. Energy clients, including 

 

Private, business, and modern associations, may change their power utilization examples to conform to matrix 

needs on the grounds that to this adaptability. Customers might limit energy bills, reduce top interest, and 

further develop matrix steadiness by effectively captivating sought after reaction programs. 

To proficiently fulfill the different requirements of clients, working on the circulation and utilization of existing 

energy supplies is one more essential objective of burden the executives. It entails the wise booking and the 

executives of energy requests while taking conveyed energy asset incorporation, energy capacity frameworks, 

and season of-purpose duties into account [2]. Diminishing waste, clearing up network blockage, and finding 

some kind of harmony among market interest for power are the targets. 

Continuous interest reaction and burden the board, be that as it may, are seriously hampered by the mind 

boggling design of energy organizations, which are encapsulated by factor environmentally friendly power 
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sources, an extensive variety of customer ways of behaving, and the requirement for fast navigation. Traditional 

strategies frequently miss the mark regarding completely using the capability of available assets and can't 

acclimate to dynamic energy conditions. 

Subsequently, cutting edge innovation, for example, AI and AI has arisen as a useful answer for these issues. 

Man-made reasoning (AI), which incorporates various PC advances, has made it feasible for energy frameworks 

to keenly assess huge volumes of continuous information, distinguish examples, and go with fast choices [3]. A 

part of AI known as AI (ML) permits energy frameworks to investigate verifiable information, make forecasts, 

and tweak the executives strategies. 

When applied to energy request reaction and burden the executives frameworks progressively, AI and ML 

innovations might give partners a few advantages. By considering factors like purchaser conduct, climate, and 

past patterns, these innovations take into account exact interest guaging, which upholds proactive burden control 

strategies [4]. Moreover, computer based intelligence and ML systems can adjust to changing energy 

circumstances through diligent learning and further developing energy utilization models, which further fosters 

the structure's strength and reliability. Load shedding and continuous energy demand response are essential 

components of modern energy systems. One outstanding methodology is to join artificial intelligence and ML 

innovation [5] to deal with the intricacies and take advantage of these structures. By consolidating cutting edge 

computational instruments with information examination, accomplices might modernize demand response 

systems, guarantee proficient utilization of current energy supplies, and empower exact weight assurance. 

1.1. AI & ML Impact on Energy Optimization 

Machine learning (ML) and artificial intelligence (man-made intelligence) are large advantages with regards to 

further developing energy use. By working with effectiveness, empowering shrewd route, and supporting the 

double-dealing of existing resources, these imaginative headways can possibly alter the energy market. 

Artificial intelligence (man-made intelligence) permits energy systems to recognize plans, assess complex data 

plans, and expect results in view of the information that is now available. Simulated intelligence is a subfield of 

computer programming that utilizes a wide assortment of strategies and estimations. Artificial intelligence 

(simulated intelligence) takes into account the careful assessment of energy use models, making it conceivable 

to distinguish regions for development and progress. Likewise, energy systems can gain from information all 

alone, adjust to evolving conditions, and pursue choices in light of their own interconnected contributions 

because of artificial intelligence (simulated intelligence), a type of artificial cognizance. [6]. Enormous datasets 

may have examples, relationships, and irregularities naturally recognized by ML calculations, in a way that 

considers the disclosure of experiences that people would figure out testing or opportunity consuming. The 

utilization of AI and ML innovations to upgrade energy use has a huge number of benefits. As a matter of some 

importance, these innovations make exact and detailed energy request conjectures conceivable. Through the 

assessment of numerous components including meteorological circumstances, past utilization records, and social 

patterns, man-made brainpower (AI) and AI (ML) frameworks can give expectations that are tailored to the 

specific necessities of certain areas, periods, or client gatherings. Energy providers can now design and convey 

assets all the more productively, diminishing waste and forestalling the under or abuse of energy sources thanks 

to this superior guaging capacities [7]. Moreover, continuous energy use observing and control are made 

conceivable by AI and ML. Energy frameworks might gather gigantic volumes of information on natural 

circumstances, matrix dependability, and examples of energy use through the joining of smart sensors and 

gadgets empowered by the Web of Things (IoT). Then, at that point, utilizing AI calculations, this information 

might be handled right away and give valuable data to upgrading energy use. AI-based frameworks, for 

instance, can focus on energy conveyance as indicated by request, naturally alter energy stacks, and perceive 

any anomalies or shortcomings that should be fixed immediately [8]. Moreover, the smooth network joining of 

environmentally friendly power sources might be aided by AI and ML draws near. Since the development of 

environmentally friendly power is innately capricious attributable to climate and different factors, man-made 

brainpower (AI) calculations can predict examples of sustainable power yield and blend them with the energy 

requests, taking advantage of sustainable power sources while lessening dependence on petroleum derivatives. 
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AI calculations can possibly upgrade control frameworks for disseminated energy assets like sunlight based 

chargers and wind turbines by changing their creation continuously to fulfill energy needs [9]. 

Besides, AI and ML can possibly improve energy proficiency by means of the utilization of streamlining 

calculations and versatile learning. Through persistent information examination and gaining from framework 

execution, AI-based energy frameworks may independently upgrade energy use, revealing potential for load 

moving, request reaction, or energy stockpiling usage. These AI-and ML-fueled advancement methods bring 

about expanded network steadiness, lower energy costs, and less natural effect [10]. AI and ML rangingly affect 

energy use enhancement. Current advancements in this field consider more exact interest anticipating, control 

and checking progressively, consistent mix of environmentally friendly power sources, and versatile figuring out 

how to further develop energy effectiveness. Energy frameworks might arrive at new levels of flexibility, 

sustainability, and proficiency by utilizing AI and ML, making the way for a more shrewd and harmless to the 

ecosystem energy future. 

1.2. Envisioning a Smarter Energy Grid 

Future success in the public eye will be made conceivable by the Smart Framework. All gatherings should 

cooperate and be joined around a solitary objective to modernize the matrix as it currently exists. The American 

electric power circulation framework performed well for our country all through the twentieth hundred years, 

providing ventures, homes, and business environments with adequate and sensibly evaluated energy [11]. This 

beforehand state of the art framework provided the US with a level of abundance unparalleled by some other 

country on the planet. In any case, a twentieth century electric framework can't uphold a 21st-century American 

economy. The country's power dissemination framework desperately needs huge overhauls, and the 

progressions in basic specialized areas that would empower these improvements are additionally fundamentally 

required. To give the preparation to a shift that focuses on obtaining esteem in the accompanying six regions, a 

dream for the Smart Lattice is required: 

• Expanded network unwavering quality is required. When and when customers need power, a reliable matrix 

conveys it at a quality they are OK with. It endures most of interruptions without breaking and gives a lot of 

notice of creating issues [12]. Preceding influencing most of clients, medicinal move is initiated. 

• The lattice should be more secure. A protected lattice can get through digital and actual attacks without 

encountering exorbitant recuperation costs or huge disturbances. It additionally returns from interruptions 

quicker and is less helpless to normal catastrophes. 

• The network should be more practical. The major standards of organic market oversee how a financial 

lattice capabilities, bringing about sensible evaluating and adequate supplies [13]. 

• Expanded network effectiveness is required. A productive network gives clients decisions for controlling 

how much energy they use while executing strategies that outcome in low transmission and circulation 

misfortunes, cost administration, proficient influence age, and ideal resource usage. 

The grid ought to be greener in additional ways. Through capability gains and the blend of a further degree of 

broken endless resources than could some way or another be constantly sustained, a normally careful 

organization lessens its effect on the environment [14]. 

Security on the structure is a need. A safeguarded network is courageous of clients who rely upon it for principal 

clinical advantages and doesn't risk the general populace or lattice staff. 

The making of a dream should start things out in the modernization of the nation's matrix, and afterward 

empowering mechanical stages should be carried out and smart framework applications should be coordinated 

to help the vision. 

Table 1 lists the seven criteria, compares and contrasts the current grid with the Smart Grid's goal. 

 

 

 



J. Electrical Systems 20-7s (2024): 1054-1064 

1057 

Table 1: Contrasting Today's Grid with the Smart Grid Vision [15] 

Today’s Grid  Principal 

Characteristic  

Smart Grid 

Because they lack knowledge, 

consumers do not interact with the 

electricity system. 

Facilitates Customer 

Involvement  

Complete pricing details are provided; 

choose from a variety of plans, costs, and 

purchasing and selling alternatives 

central generating is predominant, 

with relatively little distributed 

generation and storage  

Supports Every 

Generation & Storage 

Choice  

Many just "plug and play." Central 

generation is supplemented by dispersed 

energy resources. 

Few wholesale marketplaces and 

poor integration  

Facilitates the Creation 

of New Markets 

thriving, fully connected wholesale markets 

and the expansion of new markets for 

electricity 

Pay more attention to outages than 

electricity quality. 

Fulfills PQ 

Requirements  

PQ is a focus, offering a range of 

alternatives in terms of price and quality 

based on demands. 

Processes for asset management are 

combined with limited grid 

intelligence. 

Maximizes Resources 

and Functions 

Effectively 

Grid intelligence and asset management apps 

are deeply integrated. 

Pay attention to asset protection 

after error 

Self-Repair  prevents interruptions, reduces effect, and 

quickly restores 

susceptible to natural catastrophes 

and terrorism 

Absorbs Attack  Fast and effective deters, detects, mitigates, 

and restores 

 

2. SMART GRID BENEFITS  

There are a number of immediate, measurable advantages that the smart grid will provide, but there are also a 

number of additional noteworthy advantages that will become clear after the system are put into place [16]. The 

following long-term benefit assumptions are supported by strong evidence: 

• Notable reductions in residential peak demand energy use made possible by combining cutting-edge in-

home technology with real-time pricing and environmental information [17].  

• Further decreases in peak demand for residential purposes by completing the utility system's integration 

with distributed generating technologies (scalable for mass penetration) 

• Potential reduction in carbon footprint due to decreased residential peak demand and energy 

consumption, better distribution losses, and more conservation alternatives 

• Optimal power factor performance and system balancing may reduce distribution losses by up to 30%. 

• Potential decreases in the quantity of minutes that customers miss due to enhanced capacities to anticipate 

and/or avert such disruptions, as well as enhanced reactions to outages and recovery [18]. 

• Capital expenditures for distribution and transmission projects are anticipated to be postponed in light of 

better load forecasts and a decrease in peak load as a result of improved demand management.  

• Potential savings on utility costs from automated and remote disconnects and reconnects by using home 

automation, unnecessary field visits may be eliminated, and customer outages and expensive calls can be 

decreased [19]. 

Today's utility business must not only provide resources to meet the anticipated rise in energy consumption, but 

also minimize and lessen the environmental effect of providing that energy. This problem is addressed by the 

smart grid. There are several rewards and advantages. 

2.1. Smart Grid Platform  

According to Shahram and Shahriar Javadi, the smart grid is essentially just a straightforward improvement over 

power grids from the 20th century, and "broadcast" electricity to many consumers from a small number of 



J. Electrical Systems 20-7s (2024): 1054-1064 

1058 

central power plants [20]. Smart grid technology, on the other hand, allows for more efficient power routing in 

response to a vast array of situations. 

 

Figure 4: Smart Grid Standards [21] 

It is becoming more clear that a different approach to energy, one that goes beyond the use of coal, oil, and other 

fossil fuels, will lead to decentralized parts of the electrical grid—a far cry from the structured and centrally 

generated systems of the past. 

 

Figure 2: Control Center in all parts of grid [22] 

 

Figure 3: Integrated Communication System [23] 
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3. AI WITH A DECENTRALIZED NETWORK 

Intelligent distribution of power grid resources is achieved via the use of advanced communication protocols. 

An intelligent, cooperative design may optimize energy resources and/or services to their fullest potential [24]. 

Energy management, configuring newly added resources to the system, and identifying and resolving 

abnormalities may all be handled with the aid of intelligent algorithms. Considering that the grid in most parts of 

the world has traditionally absorbed previous generations' energy and can only take so much more, the inclusion 

of scattered generations into smart grid design brings new challenges [25]. Three levels make up an intelligent 

distribution network: system level, residential customer level, and system level. A smart home's energy is 

managed by its smart gadgets, among which are smart meters (SM), electric vehicle chargers, energy 

management systems, and inverters. The second layer accomplishes tasks such as group load control, 

information sharing, and improving grid stability at the local level with the use of intelligent equipment like as 

smart switches and relays. The distribution system's sophisticated monitoring and control devices, which react to 

data and replies from the first two levels, are part of the system-level grid intelligence. 

3.1. Prosumer-Focused Distributed Intelligence 

The development of the power system makes it possible for energy to go in both directions in SG. In addition to 

producing and using power on their own, domestic energy consumers may share it with other grid users. On 

their homes, offices, and other commercial spaces, millions of people share their renewable energy resources 

[26]. In order to maximize economic gains, prosumers in an intelligent cooperative distributed energy resource 

(DER) power system will replace the notion of centralized, fossil fuel-fueled generating. Domestic users and a 

communal energy pool should be the basis of a smart residential community plan. In this model, consumers may 

benefit from economic energy without having to purchase numerous RES units by trading with the local energy 

pool. 

Since the past ten years, when it comes to helping with real-time and quick demand response and making the 

most of distributed energy resources, the adoption of AI approaches has been skyrocketing in the energy 

industry. The goal of the grid operators is to maximize the efficiency of the power system by controlling "all the 

decisions to be made in the power grid," including the switching of relays and the controls of major generators. 

To do this, a system-wide network of sensors is used to reduce the impact of unwanted harmonics [27]. This is 

driving the development of intelligent algorithms that can adapt to both predictable and unpredictable 

disturbances via resilience, self-learning, and foresight. In order to facilitate informed decisions about energy 

trading, AI researchers are now focused on developing computationally efficient algorithms that can accurately 

predict how smart customers will use and produce electricity in relation to the present price of power [28]. In 

recent years, the energy sector has made use of expert systems, artificial neural networks (ANNs), and fuzzy 

logic to solve technical problems, anticipate energy use, prices, and identify issues. The reason for this is the 

rapid advancement of AI technology. In addition to smart home energy management, demand-side management 

(DSM) in general, and household energy management via DR programs, these approaches have other potential 

applications. Qiao et al. [29] proposed an electric energy metre optimization that takes into account independent 

and comparable scattered area load scenarios. They provide a deep learning-based fault library model and an 

error diagnostic analysis model in their work, which can guarantee to train the smart metre and can deeply 

anticipate the reason of error reported by the metre. 

3.2. Generating Distributed Intelligence 

The challenges that modern power distribution networks face include getting distributed energy resources to 

operate together, making renewable energy sources more widely accepted, making good plans, and coming up 

with operational strategies that might increase demand while decreasing emissions of greenhouse gases. This 

may be accomplished via improving grid dependability, taking socioeconomic effects into account, and 

optimizing resource adequacy [30]. Since the goal of SG technology is to improve the power system's resilience, 

self-organization, and troubleshooting capabilities, these complicated difficulties may be effectively handled. 

Installing intelligent decentralized energy units is only one aspect of the smart grid's many responsibilities. 

Other aspects include distributed production and storage capacity, automated regulation and optimization of 

distributed systems, bidirectional information and power flow, as well as PHEVs, or plug-in hybrid electric cars 
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[31]. So, it's clear that DERs aren't the only smart and advanced controllers needed to keep an eye on and run 

the distribution grid. Having to do with the administration and running of distributed generating, several 

investigations and studies have been conducted. Due to livability limits, the system becomes unstable if a certain 

benchmark is exceeded. Monitoring, fault detection, and energy management are all possible with distributed 

grid management. These days, well-addressed online voltage regulation is another worrying problem [32]. 

Traditionally built on the passivity hypothesis, power controllers in this paper's proposed distributed grid 

synchronization approach become more complicated as a result of the increased voltage profile volatility 

brought about by the widespread usage of distributed and renewable energy sources. Complex non-linear 

programming techniques, which rely on centralized computing strategies, have been used in the past to solve 

this issue. 

Power system topologies with distributed operation include fault detection and restoration, converter 

management, energy management, and power management. Energy resources are often managed by the 

supervisory control and data acquisition (SCADA) system; however, due to security and operational delays, this 

centralised design proven to be practically unworkable [33]. Since today's grid and its interconnectivity are more 

complicated and need high speed and data processing, these systems have grown less successful since they 

usually necessitate human involvement for normal operations. Optimizing the workloads of different peers in a 

distributed system is the main objective of distributed load balancing techniques. Load balancing algorithm 

nodes communicate with distributed energy resources (DERs) and with each other to transfer loads from high-

consumption zones to low-demand ones. Their loads are normalised by this movement, which strengthens the 

system's stability and resilience. The control of electrical networks using distributed intelligent systems and 

distributed state estimation (LQR controller) is the main topic of Monti et al.'s study [34]. Distributed data 

storage in SG security may benefit from blockchain technology and AI. Using the local energy trading market as 

a basis, Eck et al. [35] demonstrate how distribution grid operators might apply AI techniques to manage the 

widespread penetration of RES. In Table 1 we can see all of the AI approaches that are used for managing 

distributed grids. 

Table 1: Techniques for AI-Assisted Distributed Grid Management  

Ref.  Year  Objective  Used Techniques  Limitation 

Johannesen 

et al. [36] 

2019  Lower separate category 

levels (season and day of 

the week) and 

meteorological 

characteristics are 

correlated in load 

forecasting. 

Three types of regression: 

linear, random forest, and 

k-nearest neighbours 

Population and income growth 

variables, which significantly 

influence load demand, are not 

taken into account. 

Neves et al. 

[37] 

2018  Objectives for DR 

optimization on a solitary 

micro-grid 

Optimization using linear 

programming and GA 

Only a few appliances are 

taken into account, and PV 

integration is not taken into 

account. 

Ahmad et 

al. [38] 

2018  Forecast for energy 

demand 

The FitcKnn classifier, the 

Stepwise Linear 

Regression Model, the 

Compact Decision Tree, 

and the Linear Regression 

Model 

Useful for small-scale systems 

such as buildings and utility 

corporations, but inefficient 

for large-scale systems and 

long-term forecasting 

Mocanu et 

al. [39] 

2016  Forecasting energy use at 

the consumer level 

In the realm of factored 

conditional restricted 

Boltzmann machines, 

there are two names: 

FCRBM and CRBM. 

When there are more variables 

than there were in the original 

CRBM, the performance may 

suffer from the three fewer 

stages. 

Utkarsh et 2016  Reduce the power Distributed Since decision variables 
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al. [40] system's active power 

losses to a minimum. 

computationally 

intelligent algorithm based 

on consensus 

allocated to various agents are 

not included in the designer's 

degrees of freedom, 

insufficient communication 

channels may give rise to 

security concerns. 

Macedo et 

al. [41] 

2015  DSM to categorize each 

customer's load curve 

trends in order to provide 

financial advantages 

ANN  Reduced user comfort for 

rewards 

Ford et al. 

[42]  

2014 Identification of energy 

fraud  

ANN When creating the model, non-

technical losses on the 

customer's property are 

disregarded. 

Vaccaro et 

al. [43] 

2013  Managing voltage in real-

time networks 

Distributed consensus 

method using simulated 

annealing 

Devices with fast-switching 

capabilities, load mobility, and 

problems with loose 

connections are not 

considered. 

Asare et al. 

[44] 

2013  Day-ahead load 

forecasting 

ANN  Demand response applications, 

demand side management, and 

HEM system integration are 

not taken into consideration. 

Ma et al. 

[45]  

2013 maintaining a steady 

voltage profile and 

efficiently operating the 

power systems 

GA  Slow convergence and a short 

search period could not 

provide highly qualified 

results. 

Samadi et 

al. [46] 

2012  Fair pricing based on data 

sharing between power 

companies and DSM 

Groves-Vickrey-Clarke  Appliance scheduling might 

make customers feel less 

comfortable. 

Colson et 

al. [47]  

2011 Micro-grid energy 

control 

An agent-based system 

(MAS)  

Not displayed is the observer 

agent algorithm. 

 

4. SYSTEM INTEGRATION OF ENERGY STORAGE 

4.1. Prosumer ESS Integration 

Future smart grids are anticipated to heavily rely on energy storage systems (ESS). They guarantee that 

customers get a steady supply of power and act as a backup for sporadic renewable energy sources. At the local 

level, they assist with the management of the distribution grid via cost reduction and increased efficiency. The 

local grid's peak home energy demand is lessened with the aid of ESS. Several demand response initiatives with 

incentives have been put out to promote the use of these substitutes [48]. By storing energy during off-peak 

hours and delivering it to consumers during on-peak hours, home energy storage systems (ESS) lessen the strain 

on the primary power grid and boost financial gains. By 2025, there will be about 75.4 billion connected gadgets 

linked to the Internet worldwide, according a Statistica estimate. The essential component of mobile phones and 

electric autos, batteries allow us to reduce carbon emissions while maintaining connectivity. The extensive use 

of energy storage systems (ESS) in the power grid would reduce carbon emissions from transportation and the 

power sector by 30% and ensure that 600 million people have access to electricity until 2030 [49]. 

The most effective approach to use green energy and minimize existing fossil fuel usage is to combine RES with 

ESS. This is an alternate method of addressing the RESs' erratic power production, which involves storing extra 

energy to meet demand during peak hours [50]. Reducing CO2 emissions in transportation and production, 
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replacing fossil fuel-fueled power systems with dispatchable renewable energy, and providing off-grid access to 

electricity are the three areas where batteries are becoming more and more significant. Given that market prices 

and other variations in the economic system have a significant influence on supply chain operations; Economic 

dispatch with value-added features is available from ESS. In order to power the city's streetlights, Park et al. 

[51] propose an Intelligent LED system and dispersed/distributed storage devices based on micro-distribution 

ESS, ESS is playing a part in the smart city vision. Sharing storage might help users save money on investments 

and space. In order to maximize customer profits, In order to maximize the energy-charged/discharged, Rahbar 

et al. [52] provide an algorithm that employs the common ESS concept. 

4.2. ESS Integration: Generation Side  

Data and energy storage are given less attention in conventional grid systems, but an SG really appreciates both. 

The ESS is a crucial component that may alter the current grid's operation and architecture. For ESS to be 

implemented and used effectively, intelligent energy management solutions that can control the dispersed grid's 

dynamics are necessary [53]. It may provide tailored energy to each grid component at a distinct level, making 

the grid more reliable and smart. Energy storage technologies should be integrated into the electric grid, 

according to the authors, with the help of sensible financial and regulatory frameworks that facilitate the 

creation and implementation of storage-based smart grid systems that prioritize storage. In addition to lowering 

customer wholesale energy costs, it also helps to cut the investment needed for low-voltage distribution 

networks. 

Voltage and frequency forecasting is very helpful in the SG concept since it ensures grid dependability. ANN 

technology is used to anticipate both voltage and frequency matching in order in order to manage the voltage 

and frequency integration issues of the local low-voltage distribution grid and the energy storage system (ESS) 

at their shared connection point [54]. The operator may charge and discharge distributed energy storage systems 

(ESS) in real-time to balance energy demand. This research presents a method for optimizing grid-connected 

and freestanding medium voltage MG that uses a non-sequential quadratic programming approach to 

simultaneously optimize DG and ESS. The goal is to decrease energy losses in the distributed system. The AI 

approaches utilized to integrate ESS are listed in Table 3. 

Table 3: AI ESS integration methods 

Ref.  Year  Objective Function  Used Techniques  Limitation 

Massi et 

al. [55]  

2018 Predicting the voltage and 

frequency at the local grid's 

and ESS's point of common 

coupling, or PCC 

ANN  Stability problems in the 

presence of under voltage and 

over frequency are not taken into 

consideration 

Ahmad 

et al. 

[56]  

2017 HEM system optimized for 

the residential sector with 

RES and ESS 

GA, binary PSO, BFO, 

WDO, and HGPO 

algorithms 

The suggested method is inferior 

to the current strategies in terms 

of user satisfaction and peak to 

access ratio. 

Sfikas et 

al. [57]  

2015 decrease of annual energy 

waste and cost 

Sequential quadratic 

programming 

Losses at PCC and integration of 

RES are not taken into account. 

Rahbar 

et al. 

[58]  

2016 Manage shared ESS Optimization using 

profit coefficient and 

convexity 

Every user's fixed load profile is 

taken into account. 

Sun et 

al. [59]  

2014 balancing an electric grid in 

real time using distributed 

energy systems 

Lagrange dual 

decomposition, FISTA, 

and Lyapunov 

optimization 

Lacks a comprehensive 

mechanism for coordinating 

supply and demand while 

maintaining power balance. 

 

5. CONCLUSIONS AND FUTURE OUTLOOK  
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With an accentuation on improving energy utilization for a sustainable energy future, this article offers a careful 

survey of interest reaction strategies in smart grids that are progressed by man-made brainpower. In the structure 

of the contemporary energy climate, which is characterized by different sources and rising utilization, 

Continuous energy request reaction and burden control are considered, alongside their convoluted elements and 

difficulties. Consolidating AI (ML) with man-made consciousness (AI) innovation offers a progressive method 

for taking care of the intricacy of energy frameworks [60]. There are numerous valuable chances to further 

develop lattice soundness, trustworthiness, and productivity. AI, with its ability to break down monstrous 

measures of ongoing information and pursue all around informed decisions, and ML, which permits frameworks 

to gain from past information for expectation and advancement, give these open doors. The review features the 

significance of AI and ML in energy improvement, exhibiting how they might change the energy business by 

working with astute direction, upgrading efficiency, and enhancing asset use. AI and ML innovations give a 

large number of benefits that prepare for a more clever and harmless to the ecosystem energy future. Exact 

interest determining, ongoing checking and control, versatile learning for energy effectiveness, and consistent 

coordination of sustainable sources are a portion of the benefits [61]. 

Dependability, security, economy, proficiency, natural benevolence, and wellbeing are only a couple of the 

basic regions for improvement in the Smart Matrix idea, which is depicted as a crucial empowering agent for a 

thriving society. The potential for a strong and successful energy framework is additionally expanded by the mix 

of dispersed network insight, smart lattice stages, and energy stockpiling gadgets [62]. The exploration issues 

and amazing open doors for additional request in the field of AI-enhanced smart grids are distinguished in the 

paper's decision. The way to a much smarter network requires handling these issues, which range from self-

learning frameworks to add up to robotization, self-recuperating grids, attachment and-play advances, and 

digital protection concerns. Moreover, the requirement for a labor force with modern comprehension of future 

innovations is underlined. In rundown, this study progresses information on man-made consciousness' 

progressive job in impacting smart framework innovation and prepares for future innovative work in the chase 

after shrewd and sustainable energy arrangements [63]. 

5.1. Future Outlook  

While there is much potential for the future of AI-enhanced demand response tactics in smart grids, there are 

still many obstacles to overcome. Future study should concentrate on how self-learning systems evolve and 

become more flexible in response to changing energy environments. One of the most important milestones in 

smart grid technology is the attainment of full automation, which includes defect detection, outage management, 

and effective integration of distributed energy resources (DERs). Self-healing grid systems need to be improved 

in order to increase resilience and reduce downtime during interruptions. Important topics include investigating 

plug-and-play technologies for Prosumer energy sharing and creating sophisticated cyber-security measures that 

use machine learning for threat detection [64]. Furthermore, the development of skills in line with developing 

technologies and grid intelligence must be given top priority in workforce development. In conclusion, 

developing very intelligent, adaptable, and robust energy infrastructures by ongoing research, innovation, and 

cooperative efforts across many stakeholders is the key to the future of smart grids. Future developments in grid 

management and artificial intelligence (AI) will be crucial in determining the nature of intelligent and 

sustainable energy systems. 
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