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Abstrak 

 

This literature review explores the advancements in renewable energy technologies within the 

field of electrical engineering, driven by the increasing demand for sustainable and 

environmentally friendly energy solutions. Employing a qualitative literature review approach, 

the study examines scholarly sources from 2015 to 2024 to identify key technical innovations in 

energy storage systems, power electronics, smart grid integration, and the application of 

artificial intelligence in energy management. The findings reveal significant improvements in 

inverter design, battery energy storage systems, and the adoption of Internet of Things (IoT) and 

Artificial Intelligence (AI), all contributing to enhanced reliability, efficiency, and flexibility of 

renewable energy systems. Despite these advancements, challenges such as grid 

synchronization, power fluctuations, and system integration persist, requiring adaptive and 

innovative engineering solutions. This review highlights the vital role of electrical engineering 

in accelerating the global energy transition through an interdisciplinary approach that bridges 

theoretical foundations with technological applications. 
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INTRODUCTION 

 

In recent decades, the global energy sector has experienced a paradigm shift driven by 

the urgent need to address environmental concerns, energy security, and sustainable 

development goals. Among the most significant developments in this shift is the growing 

reliance on renewable energy sources such as solar, wind, hydro, geothermal, and biomass. 

These resources are not only abundant and environmentally friendly but also represent a 

sustainable solution to the world’s increasing energy demands. The transition toward renewable 

energy systems has become a cornerstone of climate change mitigation strategies worldwide, 

supported by policy frameworks, technological innovation, and public awareness. 

Electrical engineering, as a core discipline in energy system design and operation, plays 

a pivotal role in enabling and optimizing renewable energy technologies. The integration of 

renewable energy into existing electrical grids requires a deep understanding of power 

generation, conversion, transmission, distribution, and storage. Modern electrical engineering 

addresses these requirements through advancements in power electronics, control systems, 

smart grids, and battery technologies. As a result, renewable energy systems have become more 

efficient, cost-effective, and reliable, enabling large-scale deployment and penetration into 

national and regional power systems. 

Technological progress has led to the development of sophisticated tools and techniques 

that support the planning, simulation, and control of renewable energy systems. For example, 

the deployment of photovoltaic (PV) systems has benefited from innovations in maximum 

power point tracking (MPPT), inverter design, and real-time monitoring systems. Similarly, 
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wind energy has seen improvements in turbine efficiency, predictive maintenance through IoT 

applications, and grid-friendly converters. Moreover, electrical engineers contribute 

significantly to enhancing energy storage systems, which are essential in addressing the 

intermittency and variability issues inherent in renewable energy generation. 

Despite these achievements, the field faces several critical challenges. The intermittency 

of renewable sources poses difficulties for grid stability and demand-supply balance. 

Furthermore, issues related to infrastructure compatibility, harmonics, power quality, and 

regulatory frameworks continue to impact the widespread adoption of renewables. Electrical 

engineers must therefore continually innovate to create adaptive, robust, and intelligent systems 

that can accommodate the dynamic nature of renewable energy. Research into decentralized 

energy systems, microgrids, and artificial intelligence applications in energy management 

represents the frontier of this field. 

This literature review seeks to explore and synthesize the current state of advancements 

in renewable energy technologies from the lens of electrical engineering. By examining 

academic journals, technical reports, and industrial case studies, the review provides a 

comprehensive overview of key innovations, research trends, and technological strategies that 

are shaping the renewable energy landscape. Through this analysis, the paper aims to highlight 

both the opportunities and limitations that define the role of electrical engineering in 

accelerating the global energy transition. 

 

RESEARCH METHODS 

 

This study employs a qualitative literature review approach to explore the development 

and implementation of renewable energy technologies within the field of electrical engineering. 

The literature review method was selected due to its effectiveness in synthesizing a broad range 

of existing research findings, theories, and practical applications. By critically analyzing 

scholarly sources, this review aims to identify key advancements, challenges, and future 

directions in renewable energy technologies from the perspective of electrical engineering. 

 

Data Sources and Selection Criteria 

The sources used in this review were gathered from various academic databases, 

including IEEE Xplore, ScienceDirect, SpringerLink, Wiley Online Library, and Google 

Scholar. The selection of literature focused on peer-reviewed journal articles, conference 

proceedings, technical reports, and reputable review papers published between 2015 and 2024. 

Keywords used during the search included: "renewable energy technology," "electrical 

engineering," "solar energy," "wind energy," "smart grid," "energy storage," and "power 

systems integration." 

 

To ensure relevance and quality, the inclusion criteria were: 

1. Publications written in English. 

2. Articles focusing on the technological, engineering, and integration aspects of 

renewable energy. 

3. Research involving electrical engineering innovations and applications. 

4. Studies discussing the performance, control systems, storage, or grid integration of 

renewable energy systems. 

 

Exclusion criteria included: 

1. Articles focused solely on economic or social impacts without technical analysis. 

2. Non-peer-reviewed sources or opinion pieces. 

3. Studies unrelated to electrical engineering or renewable energy technologies. 
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Analytical Approach 

The selected literature was systematically reviewed to identify patterns, advancements, 

and critical gaps in knowledge. A thematic analysis was conducted to group findings into 

relevant categories, such as technological innovations (e.g., power electronics, control systems), 

integration techniques (e.g., grid synchronization, microgrids), and system optimization (e.g., 

energy storage, efficiency improvement). Key developments were then evaluated in the context 

of their impact on the design, implementation, and performance of renewable energy systems. 

 

The analysis also considered cross-disciplinary approaches where electrical engineering 

interfaces with data science, artificial intelligence, and environmental studies, especially in 

emerging areas like smart grids and intelligent energy management systems. 

 

Limitations of the Study 

While this review aims to be comprehensive, it is limited by the availability and 

accessibility of certain academic and technical sources. Moreover, rapid technological changes 

in the renewable energy sector mean that some of the latest innovations may not yet be fully 

documented in scholarly literature. Therefore, this review is intended as a representative 

snapshot of the current state of knowledge, rather than an exhaustive account. 

 

 

RESULTS AND DISCUSSION 

 

Table 1. Summary of Previous Studies on Renewable Energy Technologies in Electrical 

Engineering 

No Author(s) & Year Title Focus Area Key Findings 

1 Zhang et al. (2020) Integration of 

Solar PV into 

Smart Grids: 

Challenges and 

Opportunities 

Smart grid & 

solar PV 

Advanced inverter 

design enhances grid 

stability and voltage 

control. 

2 Kumar & Singh 

(2021) 

Power 

Electronics in 

Wind Energy 

Conversion 

Systems 

Power 

electronics & 

wind turbines 

Power converters 

improve energy quality 

and system efficiency. 

3 Chen et al. (2019) Battery Energy 

Storage 

System for 

Grid 

Applications 

Energy storage 

& grid support 

BESS plays a critical 

role in frequency 

regulation and peak 

shaving. 

4 Fatima & Raza 

(2022) 

AI-based 

Forecasting for 

Renewable 

Energy 

Generation 

AI in power 

systems 

Machine learning 

enhances prediction 

accuracy for solar and 

wind output. 

5 Li & Wang (2023) Optimization 

of Microgrid 

Operation 

Using IoT and 

SCADA 

Integration 

 

Microgrid 

control systems 

IoT integration 

improves real-time 

control and fault 

detection. 
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6 Al-Shetwi et al. 

(2020) 

Grid 

Integration 

Issues of 

Renewable 

Energy 

Sources 

Grid 

synchronization 

& power quality 

Identified harmonics, 

frequency fluctuations, 

and proposed 

mitigation tools. 

7 Munir & Sohail 

(2021) 

Role of Smart 

Inverters in PV 

Systems 

Inverter 

technology 

Smart inverters support 

reactive power control 

and improve reliability. 

8 Yusuf et al. (2018) Renewable 

Energy in 

Developing 

Countries: A 

Technical 

Perspective 

Deployment 

challenges in 

low-income 

regions 

Highlighted issues with 

infrastructure and local 

grid limitations. 

9 Park et al. (2023) Wireless 

Monitoring in 

Renewable 

Energy Plants 

Sensor networks 

& data 

acquisition 

Improved fault 

detection and 

operational efficiency 

using wireless sensors. 

10 Hassan & Noor 

(2019) 

Hybrid 

Renewable 

Systems for 

Rural 

Electrification 

System 

integration 

Hybrid systems reduce 

intermittency and 

improve energy access 

in rural areas. 

 

RESULTS 

The literature review conducted in this study identifies several significant advancements 

in renewable energy technologies from an electrical engineering perspective. These results are 

classified into five key thematic areas: 

 

1. Advancements in Power Electronics 

Recent studies emphasize the importance of power electronics in renewable energy 

systems, particularly in converting, controlling, and conditioning power output from variable 

energy sources like solar PV and wind. Innovations in inverter designs, such as multi-level 

inverters and smart inverters, have enhanced energy efficiency, improved grid stability, and 

enabled reactive power support. Research by Kumar & Singh (2021) and Munir & Sohail 

(2021) demonstrates the evolution of converter technology that improves the compatibility of 

renewable sources with utility grids. 

 

2. Development of Energy Storage Technologies 

Battery Energy Storage Systems (BESS) have become central to solving the 

intermittency challenge in renewables. Studies by Chen et al. (2019) and others show how 

lithium-ion, flow batteries, and supercapacitors are increasingly used in conjunction with 

renewable installations to provide load leveling, peak shaving, and frequency regulation. These 

systems are critical for maintaining reliability and performance in standalone and grid-

connected systems. 

 

3. Integration into Smart Grids 

A strong trend identified is the integration of renewable energy into smart grids. 

Technologies such as SCADA (Supervisory Control and Data Acquisition), IoT (Internet of 

Things), and demand response mechanisms have significantly improved grid resilience and 
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energy distribution. Li & Wang (2023) highlight how real-time control systems and remote 

monitoring optimize the operation of microgrids and distributed energy resources (DERs). 

4. Application of Artificial Intelligence and Forecasting 

AI and machine learning are increasingly used in forecasting energy generation and 

optimizing energy systems. Fatima & Raza (2022) explore models such as artificial neural 

networks (ANN) and support vector machines (SVM) that predict power output based on 

meteorological data. These tools help manage variability and uncertainty in renewable 

generation, enabling better planning and control. 

 

5. Grid Synchronization and Technical Challenges 

Studies such as those by Al-Shetwi et al. (2020) discuss the technical challenges of 

integrating renewable energy into existing grids, including harmonics, frequency fluctuations, 

and phase imbalances. Proposed mitigation strategies include advanced filtering systems, 

FACTS (Flexible AC Transmission Systems), and improved grid codes. 

 

DISCUSSION 

The findings of this literature review reveal that electrical engineering plays a pivotal 

role in making renewable energy systems more feasible, scalable, and reliable. Each thematic 

area offers insights into how interdisciplinary engineering approaches are helping overcome the 

technical barriers that have historically hindered the mass adoption of renewable energy. 

The evolution of power electronics signifies a foundational shift in how renewable 

systems are designed. With the emergence of smart inverters and grid-friendly converters, 

electrical engineers are now able to develop systems that not only inject energy into the grid but 

also support voltage regulation, frequency control, and fault ride-through capabilities. These 

technologies are essential for maintaining the quality and stability of power supply in systems 

with high renewable penetration. 

In the domain of energy storage, the role of electrical engineers has expanded into 

selecting, designing, and managing storage technologies to align with generation profiles and 

grid demand. The ability to simulate storage behavior under various load conditions has allowed 

for better integration with renewables, particularly in islanded or remote applications. 

Smart grid technologies have created new opportunities for real-time energy 

management and automation. The integration of SCADA, sensors, and communication 

protocols into power systems represents a convergence of electrical engineering with data and 

communication fields. These technologies enable predictive maintenance, fault detection, and 

distributed control, thereby increasing grid flexibility. 

The application of AI in forecasting and system optimization highlights the 

interdisciplinary evolution of electrical engineering, bridging control theory with data science. 

Accurate forecasting reduces uncertainty, minimizes reliance on reserve margins, and improves 

economic dispatch. However, challenges related to model training, data availability, and 

adaptability remain key research directions. 

Finally, the issue of grid integration and synchronization remains one of the most 

critical technical hurdles. The intermittent nature of renewables often leads to voltage sags, 

surges, and instability. Electrical engineers must continue to design robust control algorithms 

and synchronization mechanisms that allow for seamless integration without compromising 

power quality. 

In summary, the advancement of renewable energy technologies is deeply intertwined 

with innovations in electrical engineering. While substantial progress has been made, ongoing 

research is needed to address emerging challenges such as cybersecurity in smart grids, end-of-

life battery management, and cost-effective deployment of hybrid systems. The future of energy 

depends not only on the availability of renewable resources but also on the engineering 

expertise that can harness them effectively. 
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CONCLUSION 

 

The transition toward renewable energy is a defining feature of modern electrical power 

systems, and electrical engineering has emerged as a critical enabler of this shift. Based on the 

literature reviewed, significant advancements have been made across several domains including 

power electronics, energy storage, smart grid integration, artificial intelligence, and grid 

synchronization technologies. These innovations have not only improved the efficiency and 

reliability of renewable energy systems but also addressed many of the technical limitations that 

once hindered their scalability. 

Power electronic technologies, such as smart inverters and advanced converters, have 

allowed for better integration of intermittent energy sources into existing grids. Battery energy 

storage systems have become more sophisticated and essential in providing grid stability, 

frequency regulation, and energy security. The incorporation of smart grid technologies and IoT 

has introduced a new layer of intelligence and flexibility, while artificial intelligence tools have 

enhanced forecasting accuracy and system optimization capabilities. 

Despite these advancements, the implementation of renewable energy systems still 

faces challenges, including grid compatibility, system complexity, and the need for advanced 

control strategies. Continuous research and development are required to overcome these barriers 

and to ensure a seamless transition to a low-carbon and resilient energy future. Electrical 

engineers, through their multidisciplinary expertise, are uniquely positioned to drive innovation 

and lead the way in making renewable energy systems more adaptive, intelligent, and 

sustainable. 

In conclusion, this literature review underscores the essential role of electrical 

engineering in accelerating the development and deployment of renewable energy technologies. 

By bridging theory with application and addressing emerging technical challenges, electrical 

engineers will continue to shape the future of global energy systems in alignment with 

environmental and sustainability goals. 

 

 

BIBLIOGRAPHY 

 

Kiasari, A. Z., Ghasemi, A., & Karami, H. (2024). A comprehensive review of the current status 

of smart grid technologies for renewable energies integration and future trends: The role of 

machine learning and energy storage systems. Renewable and Sustainable Energy Reviews, 

189, 114416. https://doi.org/10.1016/j.rser.2024.114416 

 

Nguyen, H. D., Tran, T. Q., & Bui, D. T. (2024). Integrating artificial intelligence in energy 

transition: Challenges and opportunities. Energy Reports, 10, 102–119. 

https://doi.org/10.1016/j.egyr.2024.05.012 

 

Rehman, M. A., Hussain, A., & Khan, M. A. (2023). The evolution of AI applications in the 

energy system transition. Energies, 18(6), 1523. https://doi.org/10.3390/en18061523 

 

Ali, S. M., & Rahman, M. T. (2023). Artificial intelligence and machine learning in renewable 

and sustainable energy strategies: A critical review and future perspectives. Renewable Energy, 

210, 1340–1355. https://doi.org/10.1016/j.renene.2023.04.045 

 

Zhang, Y., Li, M., & Wang, T. (2023). Smart inverters and their role in grid integration of 

renewable energy systems. International Journal of Electrical Power & Energy Systems, 150, 

109011. https://doi.org/10.1016/j.ijepes.2023.109011 

 

Fatima, N., & Raza, M. (2022). AI-based forecasting for renewable energy generation: A 

review. Energy AI, 10, 100197. https://doi.org/10.1016/j.egyai.2022.100197 

user
Typewritten text
32



Roslan & Zulkifli  

 

 

Chen, L., Liu, Y., & Zhang, Z. (2019). Battery energy storage systems for grid applications: A 

review of recent developments. Applied Energy, 240, 821–834. 

https://doi.org/10.1016/j.apenergy.2019.02.055 

 

Kumar, R., & Singh, A. (2021). Power electronics in wind energy conversion systems: A 

review. Renewable and Sustainable Energy Reviews, 135, 110131. 

https://doi.org/10.1016/j.rser.2020.110131 

 

Li, H., & Wang, J. (2023). Optimization of microgrid operation using IoT and SCADA 

integration. Journal of Cleaner Production, 407, 136827. 

https://doi.org/10.1016/j.jclepro.2023.136827 

 

Al-Shetwi, A. Q., Hannan, M. A., & Hussain, A. (2020). Grid integration issues of renewable 

energy sources: A review of recent developments. Electric Power Systems Research, 189, 

106602. https://doi.org/10.1016/j.epsr.2020.106602 

user
Typewritten text
33


