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1. Introduction


Renewable energy has emerged as a critical focus area for addressing the dual challenges of growing electricity demand and environmental sustainability. Traditional reliance on fossil fuels has been a significant contributor to greenhouse gas emissions, which in turn drive climate change and environmental degradation. In response, renewable energy sources, such as solar, wind, tidal, and hydrogen, are increasingly being developed as viable alternatives that can reduce carbon footprints, diversify energy supply, and contribute to a cleaner and more sustainable future.



The development of these renewable energy solutions involves a multi-faceted approach, encompassing economic, technological, and policy-related challenges [1]. Solar power remains one of the most widely adopted renewable technologies, while wind energy, despite facing some challenges, continues to be a competitive energy source [2]. Additionally, there is growing potential in offshore renewable energy, including tidal and wave energy, as well as emerging technologies like vortex-induced vibrations (VIV) that offer new methods of energy harvesting [3]. Artificial intelligence (AI) and machine learning (ML) have also begun to play a significant role in optimizing renewable energy systems by improving forecasting accuracy and operational efficiency, thus enhancing overall adaptability and reliability [4]. In recognition of the need for comprehensive solutions to these pressing energy challenges, this Special Issue (SI) of Energies—titled “Advances in Renewable Energy Research and Applications”—brings together diverse contributions from researchers addressing a wide range of topics. This SI aims to introduce the most recent advancements in renewable energy technologies, present economic evaluations, explore technological innovations, and discuss strategic management practices that facilitate renewable energy integration. By gathering a collection of 12 high-impact research papers, the SI aims to provide insights into how renewable energy systems can be advanced and optimized to meet the demands of a sustainable future.




2. Key Contributions from the Special Issue


The Special Issue offers a wide array of contributions, grouped under several main themes that reflect the diversity and innovation present within renewable energy research. Below, we provide an overview of some of the key contributions within these thematic areas.



2.1. Economic Considerations and Management of Renewable Systems


Economic analysis plays a fundamental role in evaluating the viability of renewable energy systems, particularly when considering large-scale adoption. Several papers in this SI focused on understanding the economic feasibility and strategic management of renewable energy production. One paper presented a multi-stage game model to assess investment and production strategies under renewable energy quotas and green certificate systems, revealing how market mechanisms can influence investment levels and profitability for energy suppliers. This approach offers insights into the delicate balance required to incentivize both traditional and new energy suppliers, thus fostering a smoother transition to renewable energy [5].



Another key study explored the transition to a hydrogen energy system in the UAE, assessing sectoral efficiency to determine which industries would benefit most from early adoption of hydrogen as an energy carrier. The findings suggest that hydrogen has immense potential for decarbonizing sectors like transportation and industry, provided that appropriate investments are made to scale production and infrastructure [6]. The importance of economic principles in renewable energy extends beyond initial investments; it also involves managing operational costs and ensuring long-term profitability. One of the studies highlighted in this SI provides an in-depth analysis of how renewable energy projects can balance profitability with sustainability by using strategic energy pricing and green certificates. This approach not only improves the market attractiveness of renewable energy but also fosters a competitive landscape where traditional and renewable energy suppliers can coexist [7].




2.2. Technological Innovations in Renewable Systems


The Special Issue features significant contributions that explore the technological advancements in renewable energy systems, including photovoltaic–thermal desalination, vortex generators for wind turbines, and the use of leading-edge tubercles. One noteworthy paper presented an integrated photovoltaic–thermal (PV-T) membrane desalination system, which aims to address the energy-water nexus by utilizing solar energy for both power generation and water desalination. The results showed substantial energy savings and demonstrated the feasibility of such integrated systems in arid regions [8]. Moreover, a study investigated the use of advanced thermal transport systems in solar power tower plants. By modeling the dynamic thermal characteristics, researchers provided insights into how real-time adjustments could enhance the efficiency of solar power generation. This contribution is particularly relevant for improving the scalability of solar energy in regions with fluctuating solar irradiance levels [9].



A further notable contribution of this SI involves the integration of photothermal and photovoltaic systems to improve the thermal environment in Chinese solar greenhouses. This paper provides a comprehensive review of existing systems that utilize both photothermal and photovoltaic mechanisms to regulate internal temperatures while generating renewable electricity. The integration of these technologies not only enhances the microclimate for crop production but also contributes to the energy self-sufficiency of the greenhouses. Such hybrid applications represent a promising approach to agricultural sustainability, particularly in regions where energy-intensive greenhouse farming is prevalent [10]. Technological innovations in renewable systems are key drivers for improving efficiency and reliability. For instance, another paper in the SI examined the use of vortex generators on wind turbine blades to enhance aerodynamic performance. These vortex generators, inspired by natural phenomena, help delay flow separation, thereby improving the overall efficiency of the wind turbine. Such modifications are particularly important for small wind turbines, which are often used in decentralized and rural energy applications [11].



Another contribution examined the impact of leading-edge tubercles inspired by humpback whales on the performance of small-scale horizontal-axis wind turbines (HAWTs). The study found that small-amplitude tubercles could enhance power output and aerodynamic stability, especially under low wind speed conditions. This innovative passive flow control technique has the potential to improve the efficiency of small wind turbines, which are vital for decentralized energy production in rural areas [12]. One of the papers in this SI explores innovative approaches to biological hydrogen energy production using novel strains of Bacillus paramycoides and Cereibacter azotoformans through both dark and photo fermentation processes. This research aims to diversify the methods of hydrogen production beyond conventional electrolysis and steam methane reforming, focusing on biological methods as a more sustainable and potentially cost-effective alternative. The findings demonstrate the feasibility of these microbial processes for producing hydrogen, which can play a critical role in reducing the carbon footprint associated with hydrogen production and integrating it as a mainstream renewable energy carrier [13]. The impact of this study is evident as it provides foundational insights into using biological organisms for scalable hydrogen production, particularly in regions with limited access to conventional energy infrastructure [14]. Another significant contribution to this SI is the evaluation of communication infrastructure for peer-to-peer (P2P) energy trading in community microgrids. The study evaluates the effectiveness of different communication strategies in enabling decentralized energy trading among prosumers. This P2P model has the potential to enhance the efficiency of local energy consumption, reduce transmission losses, and increase the adoption of renewable energy at the community level. By using simulation and real-world implementation, the study demonstrates that robust communication protocols are crucial to ensuring reliable energy exchange, which could make microgrids more self-sufficient and resilient [15].





3. Key Findings


3.1. Technological Advances and Efficiency Improvements


The Special Issue includes several notable contributions that have advanced the efficiency and reliability of renewable energy systems. Technological advancements are at the heart of renewable energy research, with efforts focusing on both enhancing the existing infrastructure and developing new, innovative solutions.



A standout contribution involved hybrid renewable energy systems (HRES), which are gaining popularity due to their ability to mitigate the intermittency challenges associated with renewable energy sources. By combining solar, wind, and other renewable sources, HRES can provide a more stable and reliable energy supply. In the paper featuring recurrent neural networks (RNNs) for weather forecasting, the authors explored how the application of advanced machine learning techniques could optimize the design of HRES by predicting solar irradiance and wind speed more accurately. This optimization reduced both the loss of load probability (LOLP) and the overall system costs, emphasizing the potential of AI to revolutionize renewable energy systems [16]. Another contribution presented a dynamic thermal transport model for a solar power tower plant. This model simulated the thermal dynamics of a molten salt receiver, offering insights into how real-time adjustments could optimize energy capture and reduce energy loss. The study emphasized that the ability to predict and manage thermal transport in real-time is crucial for improving the efficiency of solar power plants, especially in regions with fluctuating solar irradiance. This finding has implications for the broader deployment of solar power, particularly in developing regions where optimizing energy efficiency can be the key to economic viability [9]. In addition, the integration of energy storage supercapacitors (ESS) and braking resistors in wind turbine systems marked another significant technological advancement. One of the primary challenges with renewable energy is the ability to manage power fluctuations and ensure consistent energy output. The proposed integration of ESS and braking resistors aimed to enhance the fault ride-through (FRT) capabilities of wind turbine systems, thereby improving grid stability during fluctuations. This study not only addressed a key technical challenge but also offered a cost-effective solution by reducing the need for extensive energy storage infrastructure [17].



Technological advancements were also highlighted in small-scale horizontal-axis wind turbines (HAWTs), where researchers used leading-edge tubercles to mimic the adaptive flow control observed in humpback whale flippers. The implementation of this nature-inspired design resulted in enhanced power output, particularly at low wind speeds, making these small-scale turbines more efficient and suitable for rural or off-grid applications. Such improvements in HAWT efficiency are vital for extending renewable energy benefits to communities that do not have access to centralized power grids [12].




3.2. AI Integration for Optimization and Forecasting


The integration of artificial intelligence (AI) and machine learning (ML) techniques has been a game changer for the renewable energy sector, and this SI includes several papers that showcase how these advanced tools can optimize energy production, reduce operational costs, and improve system resilience. One of the key applications of AI in renewable energy lies in resource forecasting, which is critical for managing energy generation, especially given the intermittent nature of renewable energy sources like wind and solar.



In a notable study from the SI, the Prophet forecasting model was used to predict solar and wind energy availability in Far North Queensland, Australia. The accuracy of this model, compared to traditional methods such as Seasonal Auto-Regressive Integrated Moving Average (SARIMA), demonstrated the value of using advanced forecasting techniques for better energy management. Accurate resource forecasting is essential for ensuring that renewable energy systems can meet demand without excessive reliance on backup power sources. This work underscores the importance of incorporating machine learning models into renewable energy forecasting to enhance grid reliability and reduce costs [18]. Another paper delved into the use of long short-term memory (LSTM) networks—a type of RNN well-suited for time series prediction. The study applied LSTMs to forecast wind speeds, allowing for more precise scheduling of energy production and storage. The improved accuracy of these forecasts reduced the operational costs of hybrid systems by optimizing energy storage and reducing dependence on auxiliary diesel generators. This has significant implications for the scalability of hybrid renewable systems, particularly in regions where energy storage remains a costly and limiting factor [16]. Moreover, leveraging AI optimizes energy consumption patterns. By integrating ML algorithms into energy management systems, researchers were able to predict energy consumption more effectively and adjust renewable energy input accordingly. This predictive capability ensures that the generated energy is used efficiently, minimizing waste, and reducing the need for non-renewable energy supplements. The ability to dynamically manage energy consumption and generation through AI is a promising development for achieving a truly smart and sustainable energy grid [19].




3.3. Policy and Strategic Insights


The successful deployment of renewable energy systems relies not only on technological advancements but also on supportive policy frameworks and strategic initiatives. Several papers in the SI provide a comprehensive examination of the policy tools and strategic frameworks necessary to foster the growth of renewable energy adoption globally.



One of the key studies analyzed how renewable energy quotas and green certificates impact energy suppliers’ strategies. This analysis showed that well-designed policy instruments could incentivize both traditional and renewable energy suppliers to increase their renewable energy investments. For example, renewable quotas obligate energy producers to ensure that a specific percentage of their energy comes from renewable sources, while green certificates create a financial incentive for exceeding these quotas. The study highlighted how such instruments can foster a competitive yet collaborative environment conducive to expanding renewable energy capacity while maintaining market stability [6].





4. Gaps and Future Directions


Despite the significant advancements highlighted in this Special Issue, several gaps remain unaddressed, presenting opportunities for future research. One notable area that requires further exploration is the scalability of hybrid renewable systems for diverse environmental contexts. While many studies focused on the technical and economic feasibility of renewable energy systems, there is still a need to investigate how these technologies can be scaled up efficiently to meet the demands of different regions, particularly in developing countries [20].



Another gap involves the integration of underrepresented energy sources, such as geothermal and tidal energy, which were mentioned as potential areas of interest but were not extensively covered by the contributions in this SI. Future research should delve into these energy sources and their integration into existing renewable systems, particularly considering their unique advantages and regional availability [21,22]. Furthermore, there is an evident need for more studies focusing on the social and economic impacts of renewable energy systems. Many of the contributions to this SI have concentrated on the technical aspects of renewable energy technologies; however, the socio-economic factors that drive or hinder adoption remain underexplored. Understanding the social acceptance of renewable technologies, the implications for job creation, and the overall economic impact will be crucial for the sustainable growth of renewable energy adoption. In addition, the role of comprehensive policy frameworks, such as feed-in tariffs, tax incentives, and PPPs, should be examined further to understand how these tools can be adapted to specific regional needs to maximize renewable energy adoption and integration [23]. Future research should also focus on developing standardized metrics for evaluating the performance of renewable energy projects across different regions. These metrics could facilitate better cross-comparisons and help identify the factors that contribute most significantly to successful renewable energy projects. In addition, the resilience of renewable energy systems to climate change-induced extreme weather events is another area that warrants deeper investigation. Strengthening the resilience of energy systems could be the key to ensuring an uninterrupted power supply in the face of climate uncertainties [24,25].




5. Conclusions


The Special Issue (SI) on “Advances in Renewable Energy Research and Applications” has successfully brought together a diverse range of research efforts aimed at addressing the pressing challenges facing renewable energy adoption and development. The 12 papers included in this SI span across various domains of renewable energy, including economic considerations, technological innovations, AI integration, and policy frameworks. By combining these several aspects, this SI provides a comprehensive understanding of the pathways available for advancing renewable energy technologies and optimizing their adoption.



One of the major achievements of this SI is the emphasis on technological advancements that drive the efficiency and reliability of renewable energy systems. From enhancements in wind turbine design to the integration of photovoltaic–thermal (PV-T) desalination systems, these studies highlight the practical improvements that can make renewable energy systems more viable for large-scale deployment. The use of AI and machine learning to improve forecasting accuracy and optimize energy systems further underscores the transformative potential of advanced technologies in this sector. The economic feasibility and management of renewable systems were another significant focus of this SI, with studies exploring strategic pricing, green certificates, and the transition to hydrogen energy. These insights are crucial for understanding how renewable energy can be made more attractive to investors while ensuring long-term sustainability and profitability. In addition to technical and economic aspects, policy frameworks play a pivotal role in driving renewable energy adoption. The papers in this SI provide valuable lessons on how different policy tools—such as quotas, incentives, and public–private partnerships—can be tailored to regional contexts to maximize their effectiveness. The strategic integration of these policy measures is essential for creating a supportive environment where renewable energy can thrive. While this SI has provided substantial advancements, several gaps remain that need further exploration. The scalability of hybrid renewable systems in diverse environments, the integration of underrepresented energy sources like geothermal and tidal energy, and the socio-economic impacts of renewable energy adoption are areas that warrant deeper investigation. Future research should aim to bridge these gaps by focusing on the development of standardized performance metrics, enhancing system resilience to climate change, and investigating the broader societal impacts of renewable energy projects.



In conclusion, the contributions made by the authors of this SI are significant steps forward in the journey toward a sustainable energy future. By combining technological innovation, economic insight, and strategic policy recommendations, this SI serves as a critical resource for researchers, policymakers, and industry stakeholders. The findings presented in these papers lay a robust foundation for continued research and development in renewable energy, ultimately contributing to a cleaner and more sustainable global energy landscape.
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