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ABSTRACT

The increasing demand for sustainable and reliable energy has accelerated the development of Hybrid
Renewable Energy Systems (HRES) integrated with Artificial Intelligence (Al). This study presents an
Al-enabled hybrid renewable energy system combining solar photovoltaic and wind energy sources with
energy storage to ensure continuous and efficient power supply. The proposed system utilizes Al
algorithms for accurate forecasting of renewable energy generation and load demand, enabling intelligent
energy management and optimized battery utilization. Through reducing intermittency and improving
resource allocation, the system enhances overall efficiency, reliability, and stability. Mathematical
modelling of solar and wind power generation is incorporated to evaluate system performance under
varying environmental conditions. The integration of Al improves predictive control, minimizes
operational costs, and reduces dependence on fossil fuels. The proposed framework is suitable for smart
grids, microgrids, and remote electrification, contributing to sustainable energy development and
supporting the transition toward intelligent and environmentally friendly power systems.
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1. Introduction

The increasing global demand for electricity, coupled with the urgent need to reduce greenhouse gas
emissions, has accelerated the adoption of renewable energy technologies. Renewable energy sources
such as solar and wind offer clean and sustainable alternatives to conventional fossil fuels; however, their
intermittent and unpredictable nature poses significant challenges to maintaining a stable and reliable
power supply. To address these limitations, Hybrid Renewable Energy Systems (HRES)! have emerged
as an effective solution by integrating multiple renewable energy sources along with energy storage
systems [1]. These hybrid systems enhance energy reliability, improve efficiency, and ensure continuous
power generation even when individual sources are unavailable. The integration of Artificial Intelligence
(Al) into hybrid renewable energy systems further enhances their performance by enabling intelligent
monitoring, prediction, and optimization of energy production and consumption. Al algorithms can
analyze real-time and historical data, forecast energy demand, predict renewable energy generation, and
optimize battery charging and discharging cycles. This intelligent decision-making improves system
efficiency, reduces operational costs, and enhances energy reliability [2]. Al-enabled hybrid renewable
energy? systems are widely applied in smart grids, microgrids, remote electrification, and industrial energy

! Deshmukh, M. K., & Deshmukh, S. S. (2008). Modeling of hybrid renewable energy systems. Renewable and sustainable
energy reviews, 12(1), 235-249.

2 Azad, A. S., Islam, N., Nabi, M. N, De Silva, S., & Sokkalingam, R. (2025). Artificial Intelligence Applications in Hybrid
Renewable Energy Systems: A Comprehensive Review of Techniques, Applications, and Challenges. Applications, and
Challenges.
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management, playing a crucial role in achieving sustainable energy development and supporting the
transition toward a cleaner and more efficient power infrastructure [3].

Fig 1: Al-Enabled Hybrid Renewable Energy Management Interface

The figure illustrates an Al-enabled hybrid renewable energy management interface integrating wind
turbine and solar panel inputs with energy storage and grid connection. An Al agent monitors generation,
load, and battery status, optimizing energy flow through AC/DC conversion. The dashboard displays real-
time parameters, enabling intelligent control, distribution, and predictive energy optimization [4].
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Fig 2: Hybrid Renewable Energy System Integrating Photovoltaic (PV) Modules and
Wind Turbines (WT)

The figure illustrates a hybrid renewable energy system integrating photovoltaic (PV) modules and wind
turbines (WT) with an AC/DC converter. In configuration (a), generated DC power is converted to AC to
supply residential loads and connect to the grid system. In configuration (b), the system supplies only
residential loads without grid connection. The AC/DC converter ensures proper energy conversion,
enabling efficient utilization of renewable energy sources for reliable and sustainable electricity supply in
residential applications [5].

1.1 Environmental Impact of Conventional Energy Sources

Conventional energy sources, primarily fossil fuels such as coal, oil, and natural gas, have been the
dominant contributors to global energy production for decades. While these sources have supported
industrial growth and economic development, they have also caused significant environmental damage.
The combustion of fossil fuels releases large amounts of greenhouse gases, particularly carbon dioxide
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(CO), into the atmosphere. These emissions contribute to global warming and climate change, resulting
in rising temperatures, melting glaciers, sea-level rise, and extreme weather events such as floods,
droughts, and heatwaves. In addition to climate change, fossil fuel consumption leads to severe air
pollution. Pollutants such as sulphur dioxide (SO2), nitrogen oxides (NOy), and particulate matter degrade
air quality and pose serious health risks, including respiratory diseases, cardiovascular problems, and
premature deaths. Industrial emissions and vehicle exhaust are major sources of these harmful pollutants.
Furthermore, the extraction and transportation of fossil fuels cause environmental degradation, including
land destruction, deforestation, soil contamination, and water pollution. Oil spills and coal mining
activities can damage ecosystems, harm wildlife, and contaminate natural resources. These environmental
impacts highlight the urgent need to transition toward cleaner and more sustainable energy solutions such
as renewable energy systems integrated with intelligent technologies like Artificial Intelligence [6].

1.2 Importance of Renewable Energy Sources

Renewable energy sources play a crucial role in addressing the growing global energy demand while
minimizing environmental damage. Unlike conventional fossil fuels, renewable energy sources such as
solar, wind, hydro, and biomass are naturally replenished and do not produce harmful greenhouse gas
emissions during operation. Their use significantly reduces carbon emissions, helping to mitigate climate
change and promote environmental sustainability. As concerns about global warming and environmental
degradation continue to rise, renewable energy has become an essential component of clean energy
transition strategies worldwide. Renewable energy also enhances energy security by reducing dependence
on limited and imported fossil fuel resources. Since renewable sources are locally available in many
regions, they help countries achieve energy independence and reduce vulnerability to fuel price
fluctuations and supply disruptions. Additionally, renewable energy systems have lower operational and
maintenance costs over time, making them economically viable in the long term. Furthermore, renewable
energy supports rural electrification and provides electricity to remote and off-grid areas where
conventional grid infrastructure is unavailable or expensive to install. With advancements in technology
and integration with intelligent systems such as Artificial Intelligence, renewable energy sources have
become more efficient, reliable, and capable of supporting sustainable development and future smart
energy systems [7].

1.3 Intermittency and Reliability Challenges

Renewable energy sources such as solar and wind are inherently intermittent because their power
generation depends on environmental conditions that cannot be controlled. Solar energy production varies
with sunlight availability, which changes due to cloud cover, seasonal variation, and nighttime conditions.
Similarly, wind energy generation depends on wind speed, which can fluctuate unpredictably. These
variations create instability in power generation, making it difficult to ensure a continuous and reliable
electricity supply. As a result, renewable systems alone may not always meet real-time energy demand,
especially during peak consumption periods or unfavourable weather conditions.

This intermittency directly affects grid stability, voltage regulation, and overall power quality. Without
proper management, it can lead to energy shortages or system inefficiencies. To address these challenges,
energy storage systems such as batteries and intelligent control mechanisms are essential. Artificial
Intelligence plays a vital role by predicting energy generation and demand, optimizing storage utilization,
and balancing supply and load. This intelligent integration improves reliability, ensures continuous power
delivery, and enhances the overall efficiency and stability of hybrid renewable energy systems [8].

IJESTI 6 (2) https://doi.org/10.31426/ijesti.2026.6.2.6059 57


http://www.ijesti.com/

Vol 6, Issue 2, February 2026 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

1.4 Concept of Hybrid Renewable Energy Systems (HRES)

Hybrid Renewable Energy Systems (HRES) refer to integrated energy systems that combine two or more
renewable energy sources, such as solar, wind, hydro, or biomass, along with energy storage systems and
power management units to provide a reliable and continuous electricity supply. The primary objective
of HRES is to overcome the limitations of individual renewable sources, particularly their intermittency
and variability, by utilizing complementary energy generation methods. For example, solar energy is
available during the daytime, while wind energy may be available during both day and night, making their
combination more stable and efficient. HRES typically include energy storage systems, such as batteries,
to store excess energy generated during peak production periods and supply power during low generation
or high demand periods. These systems also incorporate controllers, converters, and inverters to regulate
and distribute electricity efficiently. The integration of intelligent control systems, including Artificial
Intelligence, further enhances the performance of HRES by enabling real-time monitoring, energy
forecasting, and optimal energy management. As a result, hybrid renewable energy systems improve
energy reliability, increase efficiency, reduce dependence on fossil fuels, and support sustainable and
environmentally friendly power generation for residential, industrial, and remote applications [9].

1.5 Al-Based Energy Forecasting and Optimization

Artificial Intelligence (Al) plays a vital role in enhancing the performance and efficiency of hybrid
renewable energy systems through accurate energy forecasting and intelligent optimization. Renewable
energy sources such as solar and wind are highly dependent on environmental conditions, making their
power generation unpredictable. Al technigues, including machine learning, deep learning, and neural
networks, analyze historical data, weather patterns, seasonal variations, and real-time system parameters
to predict future energy generation and electricity demand with high accuracy. Energy forecasting helps
in planning and scheduling power generation, storage, and distribution effectively. For example, Al can
predict solar irradiance, wind speed, and load demand, enabling the system to prepare energy storage and
ensure uninterrupted power supply. This predictive capability reduces energy wastage and prevents
shortages. Optimization is another critical function of Al in renewable energy systems. Al algorithms
optimize battery charging and discharging cycles, manage load distribution, and balance energy supply
and demand efficiently. This improves system reliability, reduces operational costs, enhances energy
efficiency, and prolongs the lifespan of system components. Overall, Al-based forecasting and
optimization enable intelligent, automated, and efficient management of hybrid renewable energy
systems, supporting sustainable and reliable energy infrastructure [10].

2. Related Reviews

Serban and Lytras (2020) had stated that one of the most challenging areas in future smart cities research
was the smart energy domain. They had emphasized that critical issues related to optimization, the
provision of smart customizable networks, and advanced computational techniques enabled by artificial
intelligence and machine learning required further investigation. They had reported that renewable energy
had represented a powerful resource for future global development, particularly in the context of climate
change and resource depletion. The authors had explained that artificial intelligence had introduced new
methods of organizing activities to meet emerging energy requirements and had highlighted the need to
improve energy infrastructure design, deployment, and renewable energy production to enhance sector
growth and resilience. In their research, they had examined recent developments in Al adoption within
the renewable energy sector in the European Union. They had analyzed the efficiency of renewable energy
transformation processes, its structural distribution by source, labour productivity in comparison with
overall economic productivity, and the implications of Al adoption for smart cities. Their study had
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contributed by developing a framework to understand AI’s role in the renewable energy sector and had
discussed future research directions in smart energy systems.

Yan et al. (2020) had reported that millimeter-wave (mm-wave) communication had been widely
recognized as a key enabling technology for next-generation wireless systems, including high-speed
railway (HSR) communication networks, due to the availability of abundant spectrum resources and the
potential to significantly increase data transmission rates. They had explained that mm-wave
communication had required the use of antenna arrays to overcome unfavorable propagation
characteristics, as these arrays enabled highly directional transmission and extended communication
range. However, the authors had observed that the high cost associated with antenna array deployment
and the limited battery life of user equipment had posed significant challenges to the practical
implementation of mm-wave systems. They had further stated that high-speed railway environments had
been more suitable for mm-wave communication due to predictable mobility patterns. Nevertheless, they
had concluded that the narrow and point-like coverage of directional mm-wave beams had limited their
ability to provide stable and reliable connectivity in high-mobility scenarios.

Liu et al. (2022) had reported that the rapid expansion of renewable energy had become a key strategy
for achieving global carbon neutrality by replacing conventional fossil fuels. However, they had observed
that clean energy integration in multi-energy building systems had still been in its early stages, particularly
due to insufficiently developed intelligent control technologies. The authors had explained that Artificial
Intelligence (Al) techniques had enabled renewable energy systems to learn from data and improve
operational intelligence and efficiency. They had highlighted that limited research had been conducted on
the role of Al in large-scale renewable energy integration and decarbonization of multi-energy systems.
Their study had summarized various Al-based approaches and had discussed their advantages in
optimizing operational control and improving system performance. They had also presented practical
applications and case studies demonstrating Al effectiveness. Furthermore, they had identified challenges
and limitations, and had provided recommendations and future research directions to support carbon
neutrality and intelligent renewable energy system development.

Annapareddy (2022) had presented a comprehensive summary of challenges encountered during the
design, selection, installation, and configuration of renewable energy systems. The study had reported
that physical systems had been selected to enable cost-effective energy generation models. Two system
configurations had been considered: fixed installations with capacities ranging from 5-10 kW and mobile
installations with capacities of 1500-1600 W. The author had explained that the wind turbines had
featured aerodynamically designed horizontal axes with two blades and had been developed to support
future portability.

The study had highlighted that selecting an appropriate installation site had been challenging due to terrain
conditions, environmental obstacles, and the need for mechanical protection against high wind speeds.
The author had also noted that grid connection aspects had required further investigation. Additionally,
the hardware had supported communication through OPC, REST, MQTT, and OPC UA protocols. The
study had concluded that off-grid installations had required continuous monitoring and specialized
programming knowledge for efficient system operation.

Nurul and Kumar (2023) had examined the integration of Artificial Intelligence (Al) into cyber-physical
power systems in the United States to enhance efficiency, security, and sustainability. They had reported
that Al had enabled advanced grid technologies, including two-way energy flow, real-time monitoring,
predictive analytics, and autonomous decision-making. The authors had explained that Al algorithms had
facilitated renewable energy integration and optimized energy storage systems, improving overall grid
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performance. They had also highlighted that Al-driven intrusion detection, anomaly recognition, and
reinforcement learning techniques had strengthened cybersecurity and system resilience. The study had
acknowledged challenges related to legacy infrastructure, adversarial attacks, and resource constraints,
and had emphasized the importance of mitigation strategies. Furthermore, they had noted that predictive
analytics and Al-based optimization had improved grid stability and reliability. They had concluded that
strategic investments, regulatory support, and interdisciplinary collaboration had been essential for
developing intelligent, secure, and sustainable Al-enabled power systems.

Sankarananth et al. (2023) had reported that the integration of renewable energy sources into smart grids
had provided a promising approach for developing sustainable and reliable energy systems. However,
they had emphasized that optimizing hybrid renewable energy systems had remained a critical research
challenge. The study had presented a comprehensive framework combining artificial intelligence
techniques with metaheuristic optimization algorithms to improve forecasting and management of
renewable energy within smart grid environments. The authors had proposed a Hybrid LSTM-RL model,
which had achieved precision, recall, and accuracy values of 0.92, 0.93, and 0.92, respectively,
outperforming existing algorithms in predicting energy demand patterns. They had also demonstrated that
the RL-SA algorithm had achieved 0.91 accuracy in load balancing operations. Furthermore, the CNN-
PSO algorithm had shown strong performance in renewable generation forecasting, with favorable MSE,
MAE, R2, RMSE, and MAPE values. The authors had concluded that their approach had significantly
improved efficiency, reliability, and cost-effectiveness of hybrid renewable energy systems and had
shown potential for rural and off-grid energy applications.

Mohamed et al. (2024) had reported that renewable hybrid energy systems had played a critical role in
ensuring long-term energy sustainability. Their study had presented an advanced control and management
framework for green hydrogen production by integrating Artificial Intelligence (Al) and Internet of
Things (loT) technologies. The authors had explained that the proposed system had optimized renewable
energy utilization, improved hydrogen production efficiency, and ensured reliable energy supply under
varying load conditions. They had utilized Al algorithms such as Random Forest, Artificial Neural
Networks (ANN), and Long Short-Term Memory (LSTM) networks to forecast photovoltaic (PV) energy
generation and load demand accurately. These predictive models had been integrated into a centralized
control system, which had dynamically adjusted energy distribution between direct consumption and
hydrogen production. Using real-time data from the Rye microgrid, the study had demonstrated that the
proposed Al-based system had enhanced energy management, improved operational efficiency, and
supported intelligent decision-making in small-scale islanded renewable energy systems.

Wen et al. (2024) had conducted a comprehensive analysis of Al-driven solar energy generation and its
integration with smart grid systems to enhance renewable energy efficiency. The authors had examined the
application of advanced Artificial Intelligence techniques in optimizing solar power production, energy
forecasting, and grid management. They had evaluated machine learning algorithms such as Support Vector
Regression (SVR) and Artificial Neural Networks (ANN) for their effectiveness in predicting solar irradiance
and estimating photovoltaic (PV) system performance. The study had explored the integration of Al in smart
grids and had highlighted its important role in demand-side management, energy storage optimization, and
grid stability control. Furthermore, the authors had proposed a holistic Al-based framework incorporating
solar-plus-storage systems, multi-objective optimization techniques, and Al-enabled microgrids and virtual
power plants. They had also addressed key challenges and future trends, including scalability limitations,
regulatory concerns, and ethical considerations. The study had concluded that Al and big data analytics had
significantly improved the efficiency, reliability, and sustainability of solar energy systems integrated with
smart grid infrastructure.

IJESTI 6 (2) https://doi.org/10.31426/ijesti.2026.6.2.6059 60


http://www.ijesti.com/

Vol 6, Issue 2, February 2026 www.ijesti.com E-ISSN: 2582-9734
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

Azad et al. (2025) had reported that Hybrid Renewable Energy Systems (HRES), integrating solar
photovoltaics, wind turbines, and energy storage systems, had increasingly been recognized as essential
components for achieving low-carbon and resilient energy infrastructures. They had emphasized that
Artificial Intelligence (Al) had emerged as a critical tool for managing the complexity and variability
associated with HRES operation and planning. Their systematic review had analyzed 250 peer-reviewed
studies published between 2010 and 2025, focusing on Al-driven decision-making frameworks, including
machine learning, deep learning, and metaheuristic optimization techniques. The authors had found that
Al technologies had significantly improved forecasting accuracy, scheduling efficiency, fault detection,
and energy dispatch strategies. They had reported that deep learning models such as LSTM, GRU, and
CNN had demonstrated superior performance in handling nonlinear energy patterns, while reinforcement
learning had enabled adaptive system control. However, they had also identified limitations such as high
computational requirements, limited scalability, and data availability challenges. They had concluded that
scalable, interpretable, and efficient Al solutions were essential for advancing HRES and supporting
global decarbonization goals.

Egbuna et al. (2025) had reported that the rapid global transition toward renewable energy integration
had created both technical and operational challenges for traditional power grid systems. They had
observed that variability, decentralization, and real-time balancing requirements had exposed the
limitations of conventional control and forecasting methods. Their review had examined how Artificial
Intelligence (Al) had transformed energy management systems to meet the operational needs of
renewable-integrated smart grids. The authors had explored Al-based techniques for load and generation
forecasting, grid state estimation, anomaly detection, and predictive maintenance, highlighting
improvements in grid reliability and fault resilience through machine learning and deep learning
approaches. They had also emphasized the role of Al in optimizing energy storage dispatch, enabling
multi-agent coordination in microgrids, and supporting decentralized grid control through edge
intelligence. Furthermore, they had identified key challenges, including data limitations, lack of model
interpretability, and standardization issues. They had concluded that Al integration was essential for
developing intelligent, resilient, and sustainable future energy systems.

Lin et al. (2025) had reported that Artificial Intelligence (Al) had become increasingly important for
optimizing energy systems, managing operational complexity, and supporting the integration of diverse
renewable energy sources. Their study had systematically reviewed Al-enabled modelling approaches and
had highlighted their applications, limitations, and potential in advancing sustainable energy systems. The
authors had explained that data-driven models had performed effectively in energy demand prediction
and resource optimization but had faced criticism due to their lack of transparency and “black-box’ nature.
In contrast, mechanism-driven models had provided deeper system insights but had required high
computational resources and domain expertise. To address these limitations, they had proposed hybrid
modelling approaches that had combined the strengths of both data-driven and mechanism-driven models,
improving prediction accuracy and system adaptability. Furthermore, the study had discussed policy
considerations, modelling challenges, and future opportunities. They had concluded that Al-enabled
techniques, including digital twins, predictive maintenance, demand-side management, and hybrid
simulations, had significantly improved energy system modelling and optimization.

IJESTI 6 (2) https://doi.org/10.31426/ijesti.2026.6.2.6059 61


http://www.ijesti.com/

Vol 6, Issue 2, February 2026
International Journal of Engineering, Science, Technology and Innovation (IJESTI)

www.ijesti.com

E-ISSN: 2582-9734

3. Key Findings from Literature Study

technologies

of cost, battery life, and
limited coverage

Authors Focus Area Methodology Key Findings & Research Gaps
(Year) Contributions Identified
Serban & | Al in smart | Review of Al | Demonstrated Al’s | Need for advanced

Lytras (2020) | energy for smart | adoption in EU | role in optimizing | optimization,
cities renewable renewable energy | scalable smart
energy sector transformation, networks, and Al-
infrastructure design, | enabled
and productivity; | infrastructure
proposed a framework | resilience
for Al-driven smart
energy systems
Yan et al. | Al-enabled mm- | Analytical Identified high data- | Reliable, cost-
(2020) wave review of mm- | rate potential of mm- | effective
communication | wave and | wave systems; | deployment in high-
systems antenna  array | highlighted challenges | mobility and

energy-constrained
environments

Liu et al

Al for renewable

Review of Al-

Showed Al improved

Limited large-scale

(2022) energy and | based control in | operational implementation and
carbon neutrality | multi-energy intelligence and system | insufficient
systems efficiency; intelligent  control
summarized Al | for decarbonization
approaches and case
studies
Annapareddy | Design and | Practical Highlighted site | Need for intelligent
(2022) deployment analysis of fixed | selection, grid | automation and
challenges of | and mobile | connectivity, and | simplified
renewable renewable monitoring challenges; | programming  for
systems installations emphasized need for | off-grid systems
continuous monitoring
Nurul & | Al in cyber- | Review of Al- | Demonstrated Legacy
Kumar (2023) | physical power | driven smart | improvements in grid | infrastructure
systems grid efficiency,  security, | constraints and
technologies in | and storage | vulnerability to
the USA optimization; adversarial attacks
strengthened
cybersecurity using Al
Sankarananth | Al + | Hybrid Al | Achieved high | Real-time
et al. (2023) metaheuristic models (LSTM- | accuracy in forecasting | scalability and
optimization for | RL, CNN-PSO, | and load balancing; | field-level
HRES RL-SA) improved  efficiency | validation
and cost-effectiveness
for smart grids
Mohamed et | Al-loT  based | Al forecasting | Improved energy | Expansion to large-
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al. (2024) hybrid  systems | with ANN, RF, | management and | scale grids and
for green | LSTM using | hydrogen production | long-term
hydrogen microgrid data | efficiency in islanded | performance
systems evaluation
Wen et al. | Al-driven solar | Review of ML | Enhanced PV | Scalability,
(2024) energy and smart | models (SVR, | forecasting,  storage | regulatory
grids ANN) and smart | optimization, and grid | challenges, and
grid integration | stability; proposed | ethical concerns
holistic Al framework
Azad et al. | Al in Hybrid | Systematic Identified superiority | High computational
(2025) Renewable review of 250 | of DL and RL models | cost, data scarcity,
Energy Systems | studies (2010 | for forecasting, | and interpretability
(HRES) 2025) scheduling, and control | issues
Egbuna et al. | Al-powered Review of | Demonstrated Standardization
(2025) energy ML/DL for | improved grid | issues and
management for | forecasting, resilience, predictive | explainable Al
smart grids fault detection, | maintenance, and | requirements
and storage decentralized control
Lin et al | Al-enabled Review of data- | Proposed hybrid | Computational
(2025) energy  system | driven, modeling to overcome | complexity and
modeling mechanism- black-box limitations; | policy-level
driven, and | highlighted digital | integration
hybrid models | twins and predictive | challenges
maintenance

4. General Used Mathematical equations for Hybrid Model 3
i) PV Power Equation

The solar PV output is calculated using:

Ppy = G X A X npy X fr X Moss

Where

e G =solar irradiance (W/m2)

e A =panel area (20 m?)

e 1PV =PV efficiency (18%)

o fT =temperature derating factor
e nlo = system loss factor (0.85)

PV efficiency decreases as temperature rises.

Jr =1—AT —Ty)

Temperature coefficient y=0.004

3 Hsia, T. Y., Cosentino, D., Corsini, C., Pennati, G., Dubini, G., Migliavacca, F., & Modeling of Congenital Hearts Alliance
(MOCHA) Investigators. (2011). Use of mathematical modeling to compare and predict hemodynamic effects between hybrid
and surgical Norwood palliations for hypoplastic left heart syndrome. Circulation, 124(11_suppl 1), S204-S210.
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Reference temperature Tref=25°C
i) Wind Energy System Modelling
(a) Wind Power Equation

For operating wind speeds:
1 3
Puuina = 2/):‘1(7' 2U°T)

Where:

e Air density p=1.225kg

e Rotor radius R=2.5m

o Swept area A=nR?

o Power coefficient Cp=0.40
e Generator efficiency n=0.90

iii) Hybrid Power Output

Pyyiria = Ppy + Piying

This ensures

e Solar dominance during high irradiance
e Wind contribution during cloudy or nighttime hours
e Improved supply continuity [11]

5. Conclusion

The Al-enabled Hybrid Renewable Energy System (HRES) represents an advanced and sustainable
solution for addressing the growing global energy demand while minimizing environmental impact.
Through integrating multiple renewable energy sources such as solar and wind with energy storage
systems, HRES ensures reliable and continuous power supply despite the intermittent nature of individual
sources. The incorporation of Artificial Intelligence significantly enhances system performance through
accurate energy forecasting, intelligent load management, and optimized battery operation. This leads to
improved efficiency, reduced operational costs, and enhanced system stability. Furthermore, Al-driven
hybrid systems contribute to reducing greenhouse gas emissions and dependence on fossil fuels,
supporting global sustainability and clean energy goals. The proposed system is scalable, adaptable, and
suitable for various applications, including smart grids, microgrids, and rural electrification. Overall, Al-
enabled HRES plays a crucial role in developing intelligent, resilient, and environmentally friendly energy
infrastructure for the future.

6. Future Scope of Intelligent Energy Systems

The future scope of intelligent energy systems is highly promising, driven by advancements in Artificial
Intelligence (Al), Internet of Things (IoT), smart grids, and renewable energy technologies. Intelligent
energy systems will enable fully automated, self-monitoring, and self-optimizing power networks capable
of efficiently managing energy generation, storage, and distribution. Al will enhance real-time decision-
making by accurately forecasting energy demand, predicting renewable energy generation, and optimizing
energy usage, ensuring greater efficiency and reliability. One of the key future developments is the
widespread implementation of smart grids, which can integrate multiple renewable energy sources,
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electric vehicles, and distributed energy resources. These systems will support bidirectional energy flow,
allowing consumers to become energy producers (prosumers) through rooftop solar and energy storage
systems. Additionally, intelligent systems will improve predictive maintenance by identifying equipment

faults

before failures occur, reducing downtime and maintenance costs. Intelligent energy systems will

also play a vital role in rural electrification, smart cities, and industrial automation. With continuous
technological advancements, these systems will contribute to reducing carbon emissions, improving
energy efficiency, enhancing grid stability, and supporting global sustainability goals, ultimately creating
a reliable, clean, and efficient energy future.
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