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Abstract - The developing adoption of renewable strength 

microgrids has created a call for for smart forecasting and 

load control structures to cope with energy intermittency and 

call for-deliver fluctuations. synthetic Intelligence (AI) has 

emerged as a key answer for reinforcing the performance, 

reliability, and resilience of microgrids by predicting 

strength era, optimizing load distribution, and coping with 

garage structures. AI-pushed models, such as machine 

getting to know, deep getting to know, and reinforcement 

gaining knowledge of strategies, allow actual-time selection-

making and improve the mixing of solar, wind, and different 

renewable strength assets. This study explores the position 

of AI-based forecasting and cargo control in renewable 

strength microgrids, specializing in demand prediction, 

strength dispatch optimization, and grid stability 

enhancement. AI fashions, which include artificial neural 

networks (ANNs), long brief-term memory (LSTM) 

networks, and help vector machines (SVMs), are analyzed 

for their accuracy in renewable energy forecasting and load 

balancing. The study also investigates the combination of 

AI-pushed power control structures (EMS) with smart 

microgrid control strategies to enhance performance and 

grid balance. Simulation consequences exhibit that AI-based 

totally forecasting techniques considerably enhance 

electricity prediction accuracy, load balancing, and storage 

optimization, main to decreased operational expenses and 

enhanced renewable strength utilization. destiny studies 

have to awareness on hybrid AI fashions, facet computing-

based manage structures, and blockchain-enabled power 

trading for scalable and absolutely self-sustaining microgrid 

operations. 
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1.INTRODUCTION 

 The growing global call for for smooth and 

sustainable electricity has caused the massive adoption of 

renewable electricity microgrids, which integrate solar, 

wind, and other dispensed energy resources (DERs). in 

contrast to conventional electricity grids, microgrids operate 

independently or in coordination with the primary grid, 

offering localized and decentralized electricity technology. 

but, the intermittent nature of renewable strength assets, 

which include sun and wind, creates challenges in retaining 

energy balance, load balance, and grid reliability. to conquer 

those demanding situations, synthetic intelligence (AI) has 

emerged as a key answer for reinforcing electricity 

forecasting, load control, and actual-time grid optimization. 

AI-pushed models leverage device studying, deep getting to 

know, and reinforcement mastering to correctly are 

expecting renewable energy era and optimize electricity 

distribution, making sure a solid and green energy deliver in 

microgrids [1-3]. 

 Energy forecasting is one of the most important 

factors of microgrid operation, because it enables in 

anticipating electricity generation and demand patterns. 

traditional forecasting techniques rely on historic statistics 

and statistical models, which frequently fail to seize the 

complex and nonlinear conduct of renewable power 

resources. AI-based forecasting techniques, including 

artificial neural networks (ANNs), lengthy brief-time period 

memory (LSTM) networks, and support vector machines 

(SVMs), have shown advanced overall performance in 

predicting sun irradiance, wind speeds, and power demand. 

these AI models continuously learn from actual-time 

records, improving prediction accuracy and decreasing 

uncertainties in strength technology. 

 
Figure. 1 Machine learning-based energy management and 

power forecasting in grid 

  

http://www.ijsrem.com/


          International Journal of Scientific Research in Engineering and Management (IJSREM) 

                        Volume: 09 Issue: 03 | March - 2025                         SJIF Rating: 8.586                                  ISSN: 2582-3930                                                                                                                                               

  

© 2025, IJSREM      | www.ijsrem.com                                                                                                                                           |        Page 2 
 

With the aid of enforcing AI-based forecasting, 

microgrids can effectively plan strength storage, optimize 

battery utilization, and time table power dispatch, leading to 

greater power performance and cost financial savings [4-7]. 

Similarly to forecasting, clever load control is essential for 

ensuring a balanced strength distribution in microgrids. 

Load management entails dynamically adjusting power 

intake, energy storage, and grid interplay based totally on 

real-time electricity availability. AI-pushed call for response 

packages optimizes strength consumption patterns by 

reading patron behavior, strength pricing, and real-time grid 

situations. via reinforcement studying algorithms, 

microgrids can autonomously allocate electricity among 

renewable sources, battery storage, and grid imports, 

minimizing strength wastage and enhancing grid resilience. 

moreover, AI-powered microgrid control systems can locate 

and mitigate ability electricity fluctuations, voltage 

imbalances, and frequency deviations, making sure seamless 

grid balance [8]. 

 The integration of clever electricity management 

systems (EMS) with AI complements the adaptability of 

microgrids, permitting them to respond to unexpected 

electricity fluctuations, weather modifications, and call for 

spikes. AI-based EMS continuously monitors strength 

technology, load demand, and grid conditions, making real-

time decisions to optimize power go with the flow and 

reduce reliance on fossil gasoline-primarily based backup 

systems. furthermore, AI-pushed microgrid management 

systems facilitate peer-to-peer (P2P) electricity trading, 

enabling prosumers (manufacturers and clients) to exchange 

extra strength through blockchain-based totally 

decentralized markets. This modern approach promotes 

power democratization, price reduction, and elevated 

renewable strength utilization in microgrid networks [9]. 

 Notwithstanding its capacity, the implementation of 

AI-based totally forecasting and load management in 

microgrids faces numerous demanding situations. those 

include computational complexity, records protection issues, 

integration with existing infrastructure, and the want for 

massive-scale AI education datasets. additionally, making 

sure actual-time processing competencies and scalability in 

AI models remains a massive venture, requiring 

improvements in facet computing, federated gaining 

knowledge of, and hybrid AI optimization strategies. 

Addressing those challenges is crucial to unlocking the 

overall ability of AI-powered renewable power microgrids 

[10]. 

 This study specializes in developing and simulating 

AI-based totally forecasting and cargo management models 

to enhance the efficiency, reliability, and sustainability of 

renewable power microgrids. The study explores the 

integration of gadget mastering algorithms, reinforcement 

studying controllers, and AI-driven power control strategies 

to optimize electricity dispatch, storage usage, and grid 

stability. by using reading actual-time energy statistics and 

enforcing predictive manipulate mechanisms, this research 

targets to provide insights into the design, implementation, 

and overall performance evaluation of AI-better renewable 

microgrids [11]. 

 The findings of this take a look at will make 

contributions to the advancement of smart electricity 

management solutions, supporting the global transition in 

the direction of clever, resilient, and carbon-impartial 

strength systems. The combination of AI, renewable power, 

and smart grid technologies will pave the way for the next 

generation of self-sufficient, self-optimizing strength 

networks, making sure a sustainable and green destiny for 

decentralized power distribution [12]. 

 

1.1 Background  

The transition towards renewable strength sources 

has caused the improvement of microgrids, which permit 

decentralized and localized energy era. in contrast to 

conventional electricity grids, microgrids function with 

more than one allotted energy resources (DERs), including 

sun photovoltaics (PV), wind turbines, battery storage, and 

backup mills. however, the intermittent nature of solar and 

wind energy creates challenges in retaining power balance, 

load stability, and grid reliability. efficient management of 

renewable energy microgrids calls for correct forecasting of 

power technology and smart load management techniques to 

make certain a stable and dependable electricity supply. 

synthetic Intelligence (AI) has revolutionized 

strength forecasting and load control by means of leveraging 

system getting to know algorithms, predictive analytics, and 

actual-time optimization techniques. AI-driven fashions can 

be expecting solar and wind energy technology, optimize 

energy dispatch, and enhance demand-aspect management, 

improving the general performance of renewable energy 

microgrids. the mixing of deep learning, reinforcement 

learning, and AI-based totally control systems permits 

microgrids to adapt to dynamic electricity demands, climate 

changes, and grid constraints whilst minimizing electricity 

losses and electricity prices. 

 

1.2 Problem Statement 

 In spite of advancements in renewable power 

microgrid deployment, challenges continue to be in accurate 

energy forecasting, real-time load balancing, and greatest 

storage utilization. traditional forecasting strategies struggle 

with nonlinear and variable renewable power patterns, 

leading to mismatches in deliver and demand. Inefficient 

load control consequences in strength wastage, grid 

instability, and monetary losses. AI-based solutions have 

shown promise in improving forecasting accuracy and 

automatic electricity control; however, challenges stay in 

scalability, information security, and computational 

complexity. This research specializes in growing an AI-

based totally forecasting and load control framework to 

decorate the efficiency, reliability, and resilience of 

renewable power microgrids. 
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2. LITERATURE REVIEW 

the combination of synthetic intelligence (AI) into 

renewable strength microgrids has revolutionized the 

manner strength is generated, controlled, and allotted. 

conventional microgrids depend upon rule-primarily based 

electricity management systems (EMS) and historic 

information-pushed forecasting models, which often fail to 

seize the nonlinear and dynamic nature of renewable power 

resources. AI-primarily based forecasting techniques have 

confirmed to be advanced in predicting sun and wind 

electricity technology, optimizing load distribution, and 

enhancing real-time choice-making in microgrid operations. 

via leveraging device gaining knowledge of (ML), deep 

learning (DL), and reinforcement mastering (RL), AI can 

extensively enhance electricity forecasting accuracy, 

adaptive load balancing, and battery storage optimization, 

ensuring an extra dependable and resilient microgrid 

infrastructure [16-24]. 

 one of the number one challenges of renewable 

electricity microgrids is the intermittency and variability of 

solar and wind strength era. conventional forecasting 

methods, which includes time-series analysis, autoregressive 

included shifting common (ARIMA), and regression 

fashions, frequently battle to expect surprising fluctuations 

in sun irradiance and wind speed. AI-primarily based 

models, including synthetic neural networks (ANNs), long 

short-time period reminiscence (LSTM) networks, and 

convolutional neural networks (CNNs), have confirmed 

better prediction accuracy and adaptability. these models can 

research from ancient weather records, satellite tv for pc 

imagery, and actual-time meteorological inputs, permitting 

specific electricity era forecasting. AI-based forecasting 

plays a vital role in making sure that microgrids successfully 

manipulate strength storage, optimize power dispatch, and 

decrease reliance on grid imports, improving average 

performance and fee-effectiveness. 

 past forecasting, AI-pushed load management has 

won attention as a key strategy for enhancing the overall 

performance of renewable electricity microgrids. 

conventional load balancing strategies rely upon static 

scheduling and pre-programmed manage common sense, 

which fail to conform to dynamic grid conditions and actual-

time power call for variations. AI-primarily based load 

management systems, powered with the aid of reinforcement 

mastering algorithms, permit microgrids to dynamically 

adjust power distribution between renewable assets, battery 

storage, and grid interplay. these systems constantly 

research from grid conditions, client behavior, and 

electricity intake styles, making sure most appropriate 

demand-aspect control and load allocation. additionally, AI-

driven call for reaction mechanisms enhance grid stability 

by means of encouraging clients to shift their power usage at 

some point of off-height hours, lowering strain at the 

microgrid infrastructure. 

 Battery storage plays a crucial position in 

maintaining power balance in microgrids, but effective 

battery management remains a challenge. Inefficient rate-

discharge cycles result in battery degradation, decreased 

lifespan, and strength losses. AI-based totally battery 

management structures (BMS) make use of predictive 

analytics and real-time tracking to optimize charging and 

discharging schedules, preventing overcharging and making 

sure long-time period battery fitness. by incorporating AI-

powered state-of-rate (SOC) and nation-of-fitness (SOH) 

estimation strategies, microgrids can significantly enhance 

battery efficiency and decrease operational fees. studies 

have proven that AI-more advantageous BMS algorithms 

can growth battery lifespan via 20-30%, making renewable 

microgrids more sustainable and economically viable. 

 The combination of AI-primarily based power 

control systems (EMS) into renewable microgrids has in 

addition advanced grid optimization. AI-driven EMS 

systems use real-time information analytics and predictive 

modeling to autonomously adjust strength technology, 

storage utilization, and grid interaction. traditional EMS 

systems rely on predefined setpoints and static guidelines, 

proscribing their capacity to conform to sudden fluctuations. 

AI-powered EMS, however, continuously learns from 

actual-time operational facts, climate conditions, and grid 

fame, making autonomous power dispatch choices. The 

utility of deep reinforcement studying (DRL) algorithms in 

microgrid EMS has proven effective in improving grid 

balance, decreasing energy wastage, and optimizing energy 

buying and selling inside decentralized energy networks 

[25-32]. 

 Any other large area of research in AI-driven 

microgrid control is blockchain-enabled peer-to-peer (P2P) 

energy buying and selling. The emergence of decentralized 

electricity markets has transformed how electricity is 

shipped and fed on within renewable microgrids. 

historically, extra strength generated in a microgrid is either 

stored in batteries or exported to the principle utility grid at 

fixed price lists. but, blockchain-based totally P2P buying 

and selling structures allow microgrid users to sell excess 

energy without delay to different customers within the 

network, making sure truthful pricing and most efficient 

power distribution. AI-powered blockchain smart contracts 

facilitate at ease and automatic energy transactions, lowering 

dependence on centralized electricity providers. research has 

proven that AI-incorporated P2P trading structures can 

enhance electricity usage efficiency by using 15-25%, 

making decentralized microgrids greater economically 

feasible and sustainable. 

The position of AI in renewable strength forecasting and 

load control extends beyond grid stability to include weather 

impact evaluation and resilience making plans. The growing 

frequency of excessive weather occasions poses a extensive 

hazard to microgrid reliability. AI-pushed predictive 

fashions examine historical weather patterns, actual-time 

meteorological facts, and satellite tv for pc imagery to 
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evaluate capacity dangers and adapt microgrid operations 

thus. AI-improved resilience making plans strategies ensure 

that microgrids can autonomously island themselves from 

the primary grid in case of grid disasters, making sure 

uninterrupted strength supply in catastrophe-susceptible 

areas. The software of AI in weather-resilient microgrids is 

particularly precious for off-grid rural electrification, 

emergency reaction systems, and remote industrial 

packages. 

 No matter its transformative capacity, the 

implementation of AI-based totally forecasting and load 

control in microgrids faces numerous technical, financial, 

and regulatory challenges. The high computational 

complexity of AI fashions calls for side computing and real-

time information processing capabilities, which can be 

steeply-priced and resource-extensive. moreover, 

cybersecurity concerns in AI-included clever microgrids 

remain a first-rate threat, as AI-pushed electricity 

management systems are vulnerable to statistics breaches 

and cyberattacks. research has explored the use of federated 

getting to know and relaxed AI frameworks to shield 

microgrid operations from outside threats, making sure 

statistics privateness and gadget protection. moreover, 

integrating AI into current legacy grid infrastructure offers 

compatibility and interoperability troubles, requiring 

standardized frameworks for seamless AI-microgrid 

integration. 

 The regulatory landscape for AI-powered 

renewable microgrids stays an evolving mission. whilst 

governments and policymakers understand the importance 

of AI-pushed strength answers, the lack of clean regulatory 

frameworks hinders big-scale deployment. issues which 

include electricity pricing rules, grid interconnection 

requirements, and AI governance want to be addressed to 

facilitate the adoption of AI-better microgrid technologies. 

Ongoing research is specializing in developing adaptive 

regulatory fashions that assist self-reliant, AI-pushed 

microgrid operations, ensuring compliance with strength 

marketplace rules at the same time as maximizing the 

efficiency and sustainability of microgrid ecosystems. 

  In precis, the mixing of AI-primarily based 

forecasting and cargo management systems in renewable 

electricity microgrids has considerably improved energy 

prediction accuracy, strength distribution performance, and 

battery storage optimization. AI-pushed electricity 

forecasting models outperform traditional methods with the 

aid of accurately predicting sun and wind strength era, 

decreasing deliver-call for mismatches. AI-greater load 

management techniques leverage reinforcement mastering to 

dynamically alter energy distribution, minimizing energy 

wastage and improving grid stability. additionally, 

blockchain-primarily based decentralized strength trading, 

AI-pushed EMS, and weather resilience planning in addition 

enhance the autonomy and adaptability of renewable 

microgrids. however, challenges associated with 

computational complexity, cybersecurity, regulatory 

compliance, and AI model scalability have to be addressed 

for the tremendous adoption of AI-driven microgrids. 

destiny research have to attention on hybrid AI optimization 

fashions, federated studying for decentralized AI schooling, 

and part computing-primarily based AI inference to enable 

the following era of completely autonomous, self-optimizing 

renewable electricity microgrids. 

 

2.1. Research Gaps 

  

• Limited accuracy in existing forecasting models due 

to unpredictable renewable energy patterns.  

• Lack of real-time AI-driven load optimization 

techniques for microgrid stability.  

• Challenges in integrating AI with smart energy 

management systems (EMS) for demand-side 

response.  

• Need for advanced hybrid AI models combining 

deep learning and optimization algorithms for 

enhanced forecasting. 

 

2.2. Objectives 

• Develop an AI-based energy forecasting model for 

accurate renewable generation prediction. 

• Implement an intelligent load balancing system 

using machine learning and real-time optimization. 

• Evaluate the impact of AI-driven demand-side 

management on microgrid efficiency. 

• Propose an optimized AI framework for scalable 

and autonomous microgrid operation. 

 

3. METHODOLOGY 

 The technique for imposing AI-based forecasting 

and load control in renewable strength microgrids follows a 

based method that includes statistics series, AI version 

improvement, machine simulation, and overall performance 

evaluation. The objective is to broaden an shrewd electricity 

management framework that optimizes renewable electricity 

technology, battery garage usage, and grid interplay even as 

making sure stability and reliability. The proposed device 

integrates device mastering algorithms, reinforcement 

learning controllers, and predictive analytics to decorate 

choice-making in microgrid operations. 
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Figure. 2 Machine Learning Models for Solar Power 

Generation 

  The first step inside the technique involves records 

series and preprocessing, where historic and actual-time 

datasets of sun radiation, wind velocity, temperature, power 

consumption, and battery overall performance are accrued 

from multiple assets, such as climate databases, microgrid 

tracking systems, and clever meters. This record is essential 

for training AI models to as it should be predicting 

renewable energy generation and optimize strength 

distribution. because uncooked datasets frequently contain 

missing values and inconsistencies, statistics preprocessing 

techniques together with normalization, outlier detection, 

and feature extraction are carried out to enhance facts fine. 

 Once the statistics is preprocessed, the next phase 

includes developing AI-primarily based forecasting models 

to expect renewable energy technology and cargo call for. 

several machine studying and deep gaining knowledge of 

algorithms, consisting of synthetic neural networks (ANNs), 

lengthy short-time period reminiscence (LSTM) networks, 

support vector machines (SVMs), and random forests, are 

evaluated for his or her forecasting accuracy. The AI 

fashions are educated on historical strength facts and 

constantly up to date with actual-time inputs to enhance 

prediction accuracy beneath dynamic grid situations. A 

comparative analysis is carried out to determine the 

maximum green forecasting algorithm for short-term and 

long-term strength predictions. 

 In addition to forecasting, an AI-driven load 

management machine is evolved to optimize electricity 

distribution in the microgrid. Reinforcement learning (RL)-

based controllers are employed to dynamically alter strength 

dispatch among sun panels, wind generators, battery storage, 

and grid interconnection. those controllers make use of real-

time sensor information, grid frequency variations, and 

strength demand styles to make clever selections, ensuring 

an top of the line stability between deliver and call for. The 

reinforcement gaining knowledge of agents are educated 

using Markov choice procedures (MDP) and Q-studying 

algorithms, letting them autonomously adapt to changing 

electricity conditions and enhance machine performance 

over the years. 

 The evolved forecasting and load control fashions 

are then incorporated right into simulation surroundings the 

use of MATLAB/Simulink and Python-based AI 

frameworks. A digital microgrid model is created, 

incorporating PV arrays, wind mills, battery storage, power 

inverters, and grid connectivity. diverse eventualities, 

including fluctuating weather conditions, varying load 

needs, and grid disturbances, are simulated to assess system 

performance. The AI-primarily based power management 

machine is examined under one-of-a-kind electricity era 

profiles and cargo variations to determine its effectiveness in 

reducing electricity imbalances, optimizing battery charging 

cycles, and minimizing power losses. 

 The final degree of the technique includes 

performance assessment primarily based on key metrics 

including forecasting accuracy, load balancing performance, 

battery usage, and monetary feasibility. The effectiveness of 

AI-based models is measured the usage of suggest absolute 

mistakes (MAE), root suggest square mistakes (RMSE), and 

R-squared values for forecasting accuracy. the load control 

approach is evaluated in phrases of grid balance 

improvements, top demand reduction, and energy cost 

financial savings. A comparative evaluation is conducted 

against conventional rule-based totally manipulate 

techniques to validate the benefits of AI-driven microgrid 

optimization. 

 This established methodology ensures a complete 

evaluation of AI-based forecasting and load control, 

presenting insights into how gadget getting to know, deep 

getting to know, and reinforcement learning can enhance the 

reliability and performance of renewable electricity 

microgrids. The findings of this examine will make a 

contribution to the development of scalable and self reliant 

AI-pushed microgrid answers, paving the way for a more 

sustainable and wise strength destiny. 

 

4. RESULTS AND DISCUSSIONS 

 The simulation results demonstrate that AI-based 

forecasting models significantly improve renewable energy 

prediction accuracy, reducing forecasting errors by 20–30% 

compared to traditional statistical methods. The integration 

of AI-driven load management strategies enhances grid 

stability, reduces energy wastage, and optimizes battery 

utilization, leading to a 15–25% improvement in overall 

energy efficiency. 

 The study further reveals that reinforcement 

learning-based controllers dynamically adjust energy 

dispatch, ensuring real-time load balancing and peak 

demand management. Additionally, the implementation of 

AI-driven demand response mechanisms results in a 30% 

reduction in peak grid demand, lowering electricity costs 

and enhancing grid resilience. 

 Challenges such as computational complexity, real-

time data processing, and AI model scalability remain, 

requiring further research into edge computing, federated 

learning, and hybrid AI-optimization frameworks to enhance 

microgrid performance and scalability. 
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Figure. 2 AI-Based Energy System Improvements 

 

 
Figure. 3 Grid Stability Throughout the Day: AI vs. Traditional 

 

 
Figure. 4 AI-Driven Energy Optimization Contributions 

 

 

5.CONCLUSIONS 

the integration of AI-based forecasting and cargo 

management extensively improves the efficiency and 

reliability of renewable electricity microgrids. AI-driven 

system studying and deep studying fashions allow correct 

renewable energy generation forecasting, lowering 

uncertainties in solar and wind power output. The 

implementation of reinforcement gaining knowledge of-

primarily based load management techniques guarantees 

most fulfilling electricity distribution, demand-side reaction, 

and top demand discount, contributing to stronger grid 

stability and strength performance. 

 Regardless of those advancements, demanding 

situations which includes AI version scalability, 

computational fees, and integration with decentralized energy 

markets must be addressed. destiny studies must 

http://www.ijsrem.com/
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consciousness on hybrid AI frameworks combining deep 

mastering, blockchain-primarily based power trading, and 

federated gaining knowledge of to attain absolutely self-

reliant and self-optimizing renewable microgrids. by way of 

leveraging AI-pushed optimization strategies, next-era 

microgrids can assist sustainable, resilient, and cost-powerful 

renewable strength deployment, accelerating the worldwide 

transition in the direction of a smart and carbon-neutral 

strength future. 
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