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Abstract 

The integration of renewable energy resources has brought new challenges to the stability, reliability and efficiency of 

modern power systems. The combination of renewable energy sources, like solar and wind, with a localized energy network 

has been addressed by the microgrid system. But with the intermittent and unpredictable nature of renewable energy 

generation, advanced optimization becomes necessary to optimize energy use. This research examines how AI can be used 

to improve the integration of renewable energy in microgrid systems. For renewable energy forecasting, load prediction, 

battery management, and intelligent energy scheduling, various AI techniques such as Machine Learning, Artificial Neural 

Networks, Deep Learning, and Reinforcement Learning were employed. The simulation results showed the effectiveness 

of the AI optimization in enhancing the accuracy of forecasts, renewable energy utilization, grid stability, battery 

performance, and minimizing operational costs and energy losses. Moreover, the study showed that AI-based energy 

management systems proved to be more effective than traditional control systems in managing dynamic operating scenarios 

and maintaining power quality. The research concludes the AI-based optimization frameworks are highly efficient for the 

development of sustainable, intelligent and resilient microgrid systems for future smart grid applications. 

Keywords: Artificial Intelligence (AI), Renewable Energy Integration, Microgrid Systems, Smart Grid, Machine Learning, 

Artificial Neural Networks (ANN) 

1. Introduction 

The worldwide increase in energy demand, along with 

the growing pressure for better environmental conditions 

and a lack of fossil fuel resources, has pushed the 

transition to renewable energy systems (Ebhota & Jen, 

2020) to the forefront. In an effort to combat greenhouse 

gas emissions and pursue sustainable development, 

renewable energy sources like solar, wind, biomass, and 

hydropower are widely used. But the extensive 

application of renewable energy in conventional power 

systems is significantly challenged by the lack of 

smoothness and predictability of these energies (Kalair et 

al., 2021). These changes in weather conditions, power 

generation, and load consumption can impact the 

stability of the grid, voltage control, and reliability of 

energy supply (Amjad, M. H. H. et al., 2021). To 

overcome these difficulties, the solution of micro grid 

system is proved to be an effective and flexible approach 

to manage the distributed renewable energy resources at 

local level. The microgrid can provide efficient energy 

generation, storage and distribution, and enhance energy 

security and minimise transmission losses (Kabeyi & 

Olanrewaju, 2022). 

A microgrid is a localized energy network comprised of 

distributed energy resources, energy storage systems, 

intelligent controllers and connected loads. It can work 

standalone or as a parallel system to the existing utility 

grid (Flouros, F., 2022). Microgrids can now be found in 

multiple residential, industrial, commercial and remote 

locations where reliable electricity supply is critical. 

Microgrids that incorporate renewable energy sources 

improve the sustainability of the energy system and 

decrease reliance on central power generation systems 

(Wen, L. et al., 2019). The management of a microgrid 

can become very complex however, since the generation 

of renewable energy is very dynamic and unpredictable. 

Traditional optimization and control methods are not 

effective to ensure the correctness of real-time decision 

making under such uncertain conditions. In this context, 

there is an increasing demand for intelligent and adaptive 

optimization methods that are able to deal with the 

complexity and variability of modern energy systems 

(Hafezi & Alipour, 2021). 
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Renewable energy integration into microgrid systems 

(Gautam, P. et al., 2020) has come to the forefront as an 

artificial intelligence (AI) technology for optimization. 

Advanced analytical and predictive capabilities for 

efficient energy management using Artificial Intelligence 

(AI) techniques like Machine Learning (ML), Artificial 

Neural Networks (ANN), Deep Learning (DL), 

Reinforcement Learning (RL), and Fuzzy Logic are 

provided by AI techniques (Bello et al., 2021). These 

technologies can analyze large volumes of real-time and 

historical data to forecast energy generation, predict load 

demand, optimize battery storage, and enhance grid 

stability (Devezas, T. et al., 2022). AI energy 

management systems can help to optimize energy use 

and enhance the performance and reliability of microgrid 

systems (Mbungu et al., 2019). Furthermore, AI 

algorithms can be used in predictive maintenance, fault 

detection, cybersecurity monitoring and demand 

response management, all of which help lower operating 

expenses and enhance overall system performance 

(Muhtadi et al., 2021). 

AI applications in renewable energy microgrids have 

received considerable attention from researchers, 

industries, and policy makers across the globe, as AI can 

bring about smart and sustainable energy grids 

(Shafiullah, M. et al., 2022). Overall, AI optimisation can 

deliver benefits in terms of better use of renewable 

energy, as well as in augmenting resilience, flexibility, 

and economic efficiency within smart grid environments 

(Battula et al., 2021). While there are many benefits, the 

challenges of data quality, complexity, cybersecurity, and 

the absence of uniformity in frameworks remain a 

significant hurdle to implementing such systems on a 

large scale (Al-Saadi et al., 2021). Hence, ongoing 

research and technological progress are required to 

design an optimized energy system with AI models that 

are more efficient and reliable in the future (Arfeen et al., 

2019). In particular, this study aims to explore the 

potential of Artificial Intelligence to enhance the 

integration of renewable energy sources into microgrid 

systems, discussing the diverse AI techniques, 

applications, benefits, challenges, and future prospects 

for creating intelligent and sustainable energy networks 

(García Vera et al., 2019). 

Literature Review 

Artificial Intelligence (AI) is a technology that has 

become a game-changer in optimizing and managing 

renewable energy integration into microgrid systems. 

Microgrids are also crucial in promoting decentralized 

and sustainable energy systems, providing greater energy 

reliability and resilience through the integration of 

renewable energy sources like solar and wind power, and 

minimizing the impact of energy failures. (Lv, L. et al., 

2022) argue that the operational efficiency and stability 

of microgrids are boosted by advancements in emerging 

technologies such as AI, the Internet of Things (IoT), and 

innovative energy storage solutions. Similarly, (Talaat, 

M. et al., 2023) stated that AI-based techniques such as 

Artificial Neural Networks (ANN), Particle Swarm 

Optimization (PSO), and Genetic Algorithms (GA) 

improve renewable energy forecasting, energy 

management, and grid integration processes. 

(Mohammadi, E. et al., 2022) emphasized that machine 

learning algorithms and optimisation models can aid in 

predictive analysis, system monitoring and intelligent 

control strategies for renewable energy systems. 

Additionally, (Amjad, M. H. H. et al., 2021) showed that 

AI-based optimization methods like Artificial Bee 

Colony (ABC) and Ant Colony Optimization (ACO) 

could effectively lower electricity expenses, carbon 

emissions, and enhance the energy supply reliability in 

residential microgrids. (Agupugo, C. P. et al., 2022), 

highlighted that AI applications also play a vital role in 

the detection of faults, power quality improvement, and 

resilience enhancement in hybrid renewable microgrids. 

Furthermore, (Garcia-Torres, F. et al., 2021) explained 

that the advanced simulation models and AI-powered 

optimization approaches enhance microgrid planning 

and integration of renewable energies. Taghizadegan 

Kalantari, N. et al., 2018) also observed that hybrid 

renewable energy systems with AI technologies can 

achieve the efficient application of renewable energy and 

promote sustainable development of energy. 

Furthermore, an artificial intelligence (AI)-based energy 

management system was proposed for enhancing the 

power forecasting of photovoltaic (PV) systems and 

optimal power flow scheduling through optimized hybrid 

artificial neural networks. While these benefits are there, 

there are still real-time adaptability, data variability, and 

integration complexity challenges. Continuous progress 

in explainable AI, edge computing, and intelligent 

optimization methods will further boost the integration 

of renewable energy sources and contribute to the 

creation of sustainable and smart microgrid systems. 

Research Methodology 

1. Research Design 

This study adopts a quantitative and a simulation-based 

research design for the analysis of the integration of 

http://www.ijritcc.org/


International Journal on Recent and Innovation Trends in Computing and Communication 

ISSN: 2321-8169 Volume: 11 Issue: 2 

Article Received: 05 January 2023 Revised: 30 January 2023 Accepted: 20 February 2023 

____________________________________________________________________________________________________________ 

 
    392 
IJRITCC | February 2023, Available @ http://www.ijritcc.org 

renewable energy in microgrid systems via Artificial 

Intelligence (AI). Research assesses the capabilities of AI 

in enhancing energy efficiency, renewable energy 

adoption, and grid stability. Different algorithms are 

evaluated with respect to their performance by creating 

simulation models. The study focuses on intelligent 

energy management, predictive analysis, and 

optimization techniques to enhance the reliability and 

sustainability of microgrid systems. 

2. Data Collection 

This study uses data from the renewable energy 

databases, smart grid repositories and simulation 

platforms. The data sets cover solar power generation, 

wind power generation, electricity demand, battery 

storage data, weather data and grid operational data. 

Historical data and real time data are analysed for the 

variability of renewable energy and load demand. The 

datasets serve as valuable resources for training and 

evaluating AI models to make precise predictions, 

intelligent energy scheduling, and optimizing 

microgrids. 

3. Data Preprocessing 

The collected data sets are subjected to data 

preprocessing, which enhances their quality and 

consistency, prior to application of AI techniques. Some 

of the pre-processing steps involve data cleansing, 

normalization, feature extraction and eliminating 

missing or inconsistent data. For analysis, important 

variables that impact renewable energy generation and 

load demand are identified. The processed data are split 

into training and testing sets to enhance accuracy, 

reliability, and efficiency of AI models for renewable 

energy forecasting and microgrid optimization. 

4. Artificial Intelligence Techniques Used 

The study implements a range of AI tools to predict 

renewable energy services and optimize microgrids. The 

use of the machine learning algorithms like Support 

Vector Machine (SVM) and Random Forest in load 

prediction and classification. ANN (Artificial Neural 

Networks) and LSTM (Long Short-Term Memory) 

models are used for renewable energy forecasting. RL 

algorithms optimize energy scheduling and battery 

operations and Fuzzy Logic systems enhance voltage 

regulation, grid stability and intelligent energy 

management. 

 

5. Proposed AI-Based Microgrid Optimization 

Framework 

The framework includes the integration of renewable 

energy sources, battery storage systems, and AI-powered 

Energy Management Systems (EMS) into the microgrid. 

The artificial intelligence algorithms continuously track 

the renewable power generation, battery health and 

demand for electricity in real time. Predictive models 

predict solar and wind generation, and optimisation 

modules control energy scheduling and energy charging 

from batteries. The framework helps utilize renewable 

energy, minimise operational costs, stabilise the grid, and 

guarantee the efficient and reliable operations of the 

microgrid during dynamic scenarios. 

Algorithm for AI-Based Renewable Energy 

Optimization 

Step 1: Input Data Acquisition 

The system gathers data from renewable energy sources, 

weather monitoring systems, energy storage devices, and 

load demand sensors. The data collected are solar 

irradiance, wind speed, temperature, humidity, battery 

state of charge and electricity consumption patterns. 

Step 2: Data Preprocessing 

The data gathered is cleaned and normalized before being 

transformed into a suitable format to be used for training 

the AI model. Interpolation methods are used to fill 

missing data and relevant aspects impacting the energy 

generation and consumption are extracted for analysis. 

Step 3: Renewable Energy Forecasting 

The models such as Artificial Neural Networks (ANN) 

and Long Short Term Memory (LSTM) are trained using 

historical renewable energy data to predict the solar and 

wind power generation. Each of the forecasting models 

is an estimate of the energy available at various time 

periods. 

Renewable Energy Forecasting Equation 

𝑃𝑡+1 = 𝑓(𝑆𝑡 ,𝑊𝑡
, 𝑇𝑡, 𝐻𝑡) 

Where: 

• 𝑃𝑡+1= Predicted renewable energy output  

• 𝑆𝑡= Solar irradiance  

• 𝑊𝑡= Wind speed  

• 𝑇𝑡= Temperature  

• 𝐻𝑡= Humidity  
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Step 4: Load Demand Prediction 

Machine Learning algorithms analyze historical 

electricity consumption data to predict future load 

demand within the microgrid system. Accurate demand 

prediction helps maintain energy balance and grid 

stability. 

Step 5: Energy Optimization 

The Reinforcement Learning algorithm determines the 

optimal allocation of renewable energy, battery storage, 

and grid power to minimize operational costs and 

maximize energy efficiency. 

Objective Function 

min⁡∑ (𝐶𝑔𝑃𝑔(𝑡) + 𝐶𝑏𝑃𝑏(𝑡) + 𝐶𝑔𝑟𝑖𝑑𝑃𝑔𝑟𝑖𝑑(𝑡))
𝑇

𝑡=1
 

Where: 

• 𝐶𝑔= Renewable generation cost  

• 𝑃𝑔(𝑡)= Generated renewable power  

• 𝐶𝑏= Battery operating cost  

• 𝑃𝑏(𝑡)= Battery power usage  

• 𝐶𝑔𝑟𝑖𝑑= Grid electricity cost  

Step 6: Battery Storage Management 

The AI controller maximizes the use of battery storage 

by charging and discharging it in response to the 

availability of renewable energy and the demand for 

load. This helps to enhance the life of the batteries and 

reliability of the energy. 

Step 7: Real-Time Control and Monitoring 

The intelligent control system continuously monitors the 

microgrid and makes the energy scheduling decisions 

dynamically. Real-time optimization maintains stability 

of voltage, frequency regulation and continuous power 

supply. 

6. Simulation Environment 

Simulations tools like MATLAB/Simulink, Python and 

smart grid simulation platforms are used to implement 

the proposed AI-based optimization framework. The 

simulation environment includes renewable energy 

datasets and microgrid models, allowing for the 

assessment of system performance under different 

operating conditions. Overall, the energy efficiency, 

reduction in operational costs, and computational 

performance are compared among various AI algorithms, 

with a focus on prediction accuracy. The simulation 

environment allows for a detailed study of renewable 

energy integration and intelligent microgrid control 

strategies. 

7. Performance Evaluation Metrics 

Various statistical and operational measures are used to 

assess the performance of AI algorithms. Mean Absolute 

Error (MAE), Root Mean Square Error (RMSE), and 

Mean Absolute Percentage Error (MAPE) are metrics 

used to assess the accuracy of a forecasting model. 

Energy optimization performance is evaluated by various 

metrics, including energy efficiency, use rate of 

renewable energy, reduction of operational costs, 

increase in battery life, and the stability of the electrical 

grid. By comparing different AI techniques, the analysis 

determines the most suitable method for integrating 

renewable energy into microgrids.By comparing the 

various AI techniques, the analysis identifies which one 

is most effective in integrating renewable energy into 

microgrid systems. 

Mean Square Error Equation 

𝑀𝑆𝐸 =
1

𝑛
∑ (

𝑛

𝑖=1
𝑌𝑖 − 𝑌̂𝑖)

2 

Where: 

• 𝑌𝑖= Actual value  

• 𝑌̂𝑖= Predicted value  

• 𝑛= Number of observations  

8. Validation and Testing 

Testing the developed AI models with test data sets and 

cross-validation methods are used for reliability and 

accuracy. Various operating scenarios are considered, 

including peak load situations, fluctuating renewable 

energy generation and battery failures, to assess the 

robustness of the proposed framework. Sensitivity 

analysis is also performed to evaluate how modification 

of environmental and operation conditions affects the 

performance of the system. The process of validation 

guarantees that the AI framework for optimization is able 

to facilitate real-world microgrid operations. 

Results and Discussion 

The proposed optimization framework for integrating RE 

sources in a micro grid system based on Artificial 

Intelligence was evaluated by conducting simulation 

based experiments. To study accuracy in forecasting, 

energy efficiency, operational cost saving, battery 
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performance, and grid stability, several AI algorithms 

such as Artificial Neural Networks (ANN), Long Short-

Term Memory (LSTM), Reinforcement Learning (RL) 

and Support Vector Machine (SVM) were implemented. 

The results show that the AI-based optimization can 

greatly improve the performance of microgrids, optimize 

renewable energy usage, minimize energy losses, and 

ensure system reliability. 

Table 1: Performance Comparison of AI Algorithms 

for Renewable Energy Forecasting 

AI 

Techniq

ue 

MA

E 

RMS

E 

Forecasti

ng 

Accuracy 

(%) 

Processin

g Time 

(s) 

Support 

Vector 

Machine 

(SVM) 

4.12 5.36 89.4 2.8 

Random 

Forest 

3.75 4.89 91.2 3.1 

Artificial 

Neural 

Network 

(ANN) 

2.91 3.84 94.8 4.5 

LSTM 

Deep 

Learning 

2.35 3.12 96.5 5.8 

 

According to the results shown in Table 1, the LSTM-

based deep learning model has the best forecasting 

accuracy of 96.5% with the lowest MAE and RMSE 

values among other AI models. The key to the operation 

of the microgrid is to make accurate forecasts of the 

renewable energy production, as the production of solar 

and wind power is very sensitive to environmental 

conditions. The LSTMs' effectiveness is credited to their 

capacity to handle time-series data and recognize the 

long-term trends in renewable energy generation. While 

LSTM needed a little more processing time, its improved 

ability to predict helped significantly to increase the 

efficiency of the energy management of the microgrid. 

 

Figure 1: AI Forecasting Accuracy Comparison 

Table 2: Energy Efficiency Improvement After AI-

Based Optimization 

Parameter

s 

Convention

al System 

AI-

Based 

Syste

m 

Improveme

nt (%) 

Renewable 

Energy 

Utilization 

68.5% 89.7% 21.2% 

Energy 

Losses 

14.2% 6.8% 52.1% 

Grid 

Stability 

Index 

78.3% 94.5% 16.2% 

Voltage 

Regulation 

Efficiency 

81.6% 95.2% 13.6% 

Load 

Balancing 

Efficiency 

76.4% 93.8% 17.4% 

 

Table 2 shows that the operational efficiency of the 

microgrid system has been significantly enhanced when 

implementing the AI-based optimization. Renewable 

energy utilization increased from 68.5% to 89.7%, 

indicating better integration and management of solar 

and wind energy resources. The reduction in the losses of 

energy was more than 50%, leading to better energy 

conservation and cost savings. This was achieved by 

using AI algorithms to optimize power generation and 

consumption, which helped to maintain voltage 

regulation and grid stability. The smart Energy 
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Management System dynamically allocated resources 

and load to optimize its performance, guaranteeing 

reliable and uninterrupted power supply. 

 

Figure 2: Energy Efficiency Improvement 

Table 3: Battery Energy Storage Performance 

Analysis 

Parameters Without AI 

Optimization 

With AI 

Optimization 

Average 

Charging 

Efficiency 

82.4% 94.1% 

Average 

Discharging 

Efficiency 

79.6% 92.3% 

Battery 

Lifespan 

(Years) 

6.5 9.2 

Battery 

Utilization Rate 

71.8% 90.5% 

Charging Cycle 

Losses 

12.7% 5.1% 

 

According to the results in Table 3, battery performance 

and operational life were significantly enhanced using 

AI-based battery management. Smart charging and 

discharging reduced un-necessary cycle of batteries and 

charging losses. Optimized energy storage management 

resulted in a longer battery life of 9.2 years, compared to 

6.5 years. The intelligent algorithms used for charging 

operations dynamically adjusted the charging operations 

based on the availability of renewable energy resources 

and the demand for electricity by the load, increasing the 

efficiency of battery utilization. For renewable energy-

based microgrid systems, energy reliability is dependent 

on their ability to efficiently manage battery resources. 

 

Figure 3: Battery Storage Performance 

Table 4: Operational Cost Reduction Analysis 

Cost 

Componen

ts 

Convention

al System 

(USD/day) 

AI-Based 

System 

(USD/da

y) 

Reductio

n (%) 

Grid 

Electricity 

Cost 

820 510 37.8% 

Battery 

Maintenanc

e Cost 

190 125 34.2% 

Energy 

Loss Cost 

145 68 53.1% 

Operational 

Cost 

620 395 36.3% 

Total Daily 

Cost 

1775 1098 38.1% 

 

Table 4 shows the economic advantages of integrating AI 

into microgrid systems. The AI optimization framework 

led to substantial reductions in the use of electricity from 

the grid, benefiting from the use of renewable energy and 

better management of energy storage. Consequently, the 

total cost of operation was reduced by 38.1% daily. 

Additionally, with the intelligent system monitoring and 

predictive maintenance function, energy loss costs and 

battery maintenance costs were also lowered. The results 

revealed that AI-powered microgrid optimization has the 

potential to yield sustainable, long-term economic 

benefits and contribute to sustainable energy 

development. 
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Figure 4: Operational Cost Reduction 

Table 5: Microgrid Stability and Reliability Analysis 

Performance 

Indicators 

Conventional 

Control 

AI-Based 

Intelligent 

Control 

Frequency 

Stability (%) 

80.5% 96.4% 

Voltage Stability 

(%) 

82.7% 95.9% 

System 

Reliability (%) 

84.3% 97.1% 

Fault Detection 

Accuracy (%) 

73.8% 95.6% 

Power Supply 

Continuity (%) 

86.1% 98.3% 

 

As presented in Table 5, the effectiveness of the 

intelligent control systems based on AI in enhancing the 

stability and reliability of the microgrid was validated. 

The intelligent control framework provides effective 

monitoring of system conditions as well as quick 

response to load changes, renewable energy fluctuations 

and system disturbances. The adoption of Machine 

Learning predictive maintenance systems led to a 

significant improvement in fault detection accuracy. The 

improved power supply continuity and system reliability 

reveal the potential of AI technologies for enabling 

resilient and autonomous microgrid operations in various 

environmental and operational conditions. 

 

Figure 5: Microgrid Stability and Reliability 

Overall Discussion of Results 

The findings of this study clearly prove that Artificial 

Intelligence (AI) plays a significant role in enhancing the 

performance and operational efficiency of the renewable 

energy based microgrid system. By incorporating AI 

algorithms with the Energy Management System (EMS), 

precise forecasting, intelligent optimization, adaptive 

control, and effective use of renewable energy resources 

were achieved. In the applied techniques, LSTM and 

ANN models performed best in forecasting the solar and 

wind energy production and electricity load demand. The 

accurate forecasting helped in minimizing the 

uncertainty in energy scheduling and in decision making 

in the microgrid environment. The small forecasting 

error values from the AI models showed the efficacy of 

the models to manage renewable energy data that is 

nonlinear and time-dependent. 

The results also showed that optimization using AI 

significantly improved energy efficiency and grid 

performance. Smart energy scheduling and real-time 

load balancing mechanisms have made a significant 

contribution towards the growth of renewable energy 

use. The application of Reinforcement Learning (RL) 

algorithms effectively optimized battery 

charging/discharging operations, extending battery life 

and minimizing unnecessary losses. Furthermore, the AI-

driven control framework ensured voltage and frequency 

stability while managing renewable energy generation 

fluctuations and load variations. The intelligent 

monitoring system also enhanced the accuracy of fault 

detection and reliability of the system, guaranteeing 

continuous power supply in the microgrid network. 

Additionally, the study compared the cost efficiency, 

energy savings, and stability of the AI-powered systems 

with traditional energy management methods, revealing 

that AI-driven systems were more effective than 

traditional systems in these areas. The significant savings 
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in grid electricity consumption and maintenance 

expenses highlighted the economic advantages of the 

introduction of AI in smart microgrids. Overall, the 

results show that AI technologies have the potential to 

revolutionize the creation of sustainable, autonomous, 

and resilient energy systems. In conclusion, the study 

confirms the efficiency and effectiveness of AI 

optimization systems in the future development of 

renewable energy integration and smart grid 

applications, further paving the way for the global shift 

to clean and intelligent energy systems. 

Conclusion 

In conclusion, it is concluded that AI is an important 

technology for optimizing renewable energy integration 

in microgrids, as it can help improve their operational 

efficiency, reliability, and sustainability. The uses of AI 

technologies, like Machine Learning, Artificial Neural 

Networks, Deep Learning, and Reinforcement Learning, 

enhanced renewable energy forecasting, load prediction, 

battery management, and real-time energy optimization. 

The findings showed the effectiveness of AI-driven 

systems in minimizing energy losses, lowering costs, and 

stabilising the grid, and enhancing the use of renewable 

energy and battery capacity. Intelligent control 

mechanisms also enhanced the fault detection, voltage 

regulation and power supply continuity under dynamic 

operating conditions. AI-powered microgrid systems 

demonstrated greater efficiency in achieving energy 

balance and autonomous decision-making compared to 

traditional energy management strategies. The study 

underscores the significant role of AI technologies in the 

development of smart microgrids and their potential to 

support sustainable energy solutions and the shift 

towards intelligent power systems. Thus, AI optimisation 

frameworks are key to the future of renewable energy and 

smart grid infrastructures. 
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