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Abstract 
The shift toward electrification powered by renewable energy 

has increased demand for advanced electric drive systems that 

offers higher efficiency, greater reliability,  and  smarter  

control capabilities. Among the available technologies, 

brushless direct current (BLDC) motors have  

become a strong candidate due to their high efficiency, power 

density, compact design, low maintenance needs, and 

precise controllability. Today, BLDC motor drives are  widely 

used in applications such as  photovoltaic water pumping, 

wind energy conversion, hybrid renewable setups, and energy-

efficient transportation. This review explores  recent  

advancements in  BLDC drive technology within the context 

of  renewable energy systems.  It  examines  various 

control strategies, methods for enhancing performance, 

and emerging trends. The paper covers both traditional and 

modern control approaches, including proportional–integral 

(PI) control, fuzzy logic, adaptive control, sensorless 

techniques, model predictive control, and methods based 

on artificial intelligence. Additionally, it addresses key aspects 

like power electronic components, maximum power point 

tracking, energy management strategies, and fault detection in 

BLDC systems. The article concludes by outlining future 

directions, such as AI-driven autonomous control, digital 

twin-based monitoring, next-generation power  

semiconductors, integrated hybrid energy systems, and more 

sophisticated energy management solutions. 
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1. Introduction 

The growing environmental concerns regarding carbon emissi

ons have triggered an increased interest in adopting renewable 

energy sources such as solar, wind, 

and hybrid systems. Renewable energy power systems require 

reliable and efficient power electronic converters and motor 

drives for energy conversion and 

utilization. The brushless direct current (BLDC) motor has attr

acted significant research interest due to its numerous 

advantages over conventional brushed direct current (DC) 

motors, permanent magnet synchronous machines, 

and induction motors [1]. Unlike conventional brushed DC 

motors, BLDC motors use electronic commutation instead of 

mechanical brushes, thereby eliminating the drawbacks 

associated with brush wear and poor power efficiency [2]. 

BLDC motors have been considered for renewable energy 

systems since they offer high-efficiency, high-power density, 

and compact size [3].  Additionally, these motors are 

suitable for long-term operations due to their maintenance-

free characteristic. Unlike induction motors, BLDC motors  

do not require rotor windings and copper magnets [4]. The foll

owing sections discuss BLDC motor drives in detail. 

 

2. BLDC Motor Drives for Renewable Energy Systems 

 

2.1 Applications in Solar Energy 

BLDC motor drives have been widely used in solar energy 

systems such as water pumping, irrigation, air conditioning, 

and off-grid power supplies. For instance, photovoltaic (PV)-

powered BLDC pumps have been proposed and implemented 

due to their high-efficiency  potential  compared  to 

 induction motor drives [5]. 

The performance of a BLDC motor drive highly depends 

on the adopted photovoltaic maximum power point tracking 

(MPPT) algorithm. The perturb and observe (P&O) and 

incremental conductance MPPT algorithms are some of the 

conventional methods that have been widely 

 used in practice [6]. However, intelligent MPPT algorithms 

have superior advantages over the conventional techniques. 

 

2.2 Applications in Wind Energy Systems 

BLDC generators and motors have been considered for wind 

energy conversion systems (WECS). The main advantage of 

using BLDC motors in WECS is that they offer high 

efficiency and eliminate field copper losses 

[7]. Similar to solar energy system applications, wind 

energy conversion systems require advanced control methods t

o extract the maximum power from the wind turbines [8]. 

 

3. Control Strategies for Renewable Energy-Based BLDC   

Drives 

 

3.1 Conventional Control Techniques 

Proportional–integral (PI) and proportional-integral-

derivative (PID) controllers have been widely used for speed 

control of BLDC motors. The controllers offer simple and 

reliable control and have been implemented in several 

commercial applications [9]. However, the performance 

of conventional controllers is highly dependent on the system  

parameters and may not offer optimum performance 

when the parameters change under different operating 

conditions [10]. 

The voltage and current of a BLDC motor are controlled using 

pulse width modulation (PWM) inverters. Recently, 

advanced PWM methods have been used to minimize 

the harmonic contents of the 

voltage and current supplied to the motor [11]. 

 

3.2 Sensorless Control Techniques 

BLDC motors usually require position sensors to determine th

e rotor position for commutation. However, the sensors add to 

the cost and complexity of the motor drive systems. 

In addition, the sensors may not be reliable under extreme ope

rating conditions. Several sensorless control techniques 

 have been proposed and implemented to estimate the rotor 

position using the electrical characteristics of the motor [12]. 
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Although the back- EMF techniques are reliable,  they cannot 

be used for low-speed operations [13]. On the other hand, 

observer-based techniques such as sliding mode observers and 

extended Kalman filters have been used to 

estimate the rotor position with high accuracy [14]. 

 

3.3 Intelligent Control Methods 

The complex dynamics of BLDC motors have contributed 

 to the adoption of advanced intelligent control approaches. 

Fuzzy logic controllers have been used in various applications 

due to their ability to  handle nonlinear and  complex  systems 

without first understanding their mathematical model [15]. 

Intelligent control methods such as neural  networks have 

been used to improve the performance of BLDC motor 

drives. Neural networks offer the advantage of adaptive contro

l of the BLDC motors [16]. Moreover, optimization methods 

such as grey wolf optimization, genetic algorithm, and particle 

swarm optimization have been used to 

enhance the control performance of BLDC motor drives [17]. 

 

3.4 Model Predictive and AI-Based Control 

Model predictive control (MPC) has been used for high-

performance control of BLDC motor drives. MPC was initiall

y used for industrial applications but has been adopted for 

renewable energy applications due to it’s ability to 

provide reliable control of the BLDC motors [18].  More 

recently,  artificial intelligence (AI) has been used to 

implement autonomous control of BLDC motor drives [19]. 

 

4.Performance Enhancement Techniques of 

BLDC Drives for Renewable Energy 

 

4.1 Power Electronic Improvements 

The use of advanced power semiconductor devices 

offers an opportunity to design high-performance BLDC  

motor drives. For example, power electronic devices made of 

silicon carbide and gallium nitride have enabled 

higher switching frequencies while minimizing the switching 

losses [20]. 

 

4.2 Torque Ripple Reduction Methods 

Torque ripples are undesirable in BLDC motors since 

 they reduce the efficiency and increase the  noise 

 levels. Several methods have been proposed and implemented

 to minimize torque ripples in BLDC motors. Some of the 

methods include current shaping,  optimal commutation, 

 and direct torque control [21]. 

 

4.3 Energy Management Optimization 

The adoption 

of battery energy storage in conjunction with PV arrays 

and wind turbines has gained significant attention in recent 

years. The combination of energy storage and renewable 

energy sources helps to address the intermittency associated w

ith renewable energy sources [22]. Similarly, hybrid energy 

storage systems have been used to  improve the  performance 

of the energy management system [23]. 

 

5. Reliability Enhancement of Renewable Energy-Based 

BLDC Drives 

Modern brushless direct current (BLDC) drives for renewable 

energy systems require state-of-the-art reliability improvement 

methods. This is mainly because these drives operate in 

remote locations where it is not always 

easy to carry out repairs and replacements [1]. In addition, the 

failures of photovoltaic (PV) arrays and power electronic 

converters can lead to reduced reliability of the entire system 

[2]. Therefore, condition monitoring and fault diagnosis 

methods are critical for improving the reliability of BLDC 

drives for renewable energy systems. 

The adoption of sensorless control methods have improved the 

reliability of BLDC motor drives for renewable 

energy applications [3]. Another reliability improvement 

method that has gained considerable attention is the use of 

fault tolerant control [4]. The main problem with conventional 

BLDC motor drives is that they are 

prone to faults and breakdowns [5]. For instance, the inverter 

switches may fail due to voltage stress and current rating, 

and the winding circuits can experience an open circuit fault 

[6]. Moreover, sensorless BLDC drives are vulnerable to 

current sensor failures and communication delays 

[7]. However, the use of artificial intelligence  and  machine 

 learning techniques have made it possible to 

design smart BLDC drive systems that are fault tolerant [8]. 

These advanced fault tolerant control methods can be combine

d with predictive maintenance and Internet of Things (IoT)-

based monitoring for smart renewable energy systems [9]. 

Advanced cooling strategies are also critical for improving the 

reliability of BLDC drives for renewable energy 

systems [10]. For instance, power semiconductor devices are 

sensitive to temperature fluctuations and require advanced coo

ling mechanisms. The reliability of renewable energy power 

electronic systems can also be improved using wide bandgap 

semiconductors and IoT-based monitoring and control [11]. 

 

6. Future Scope and Emerging Research Trends 

The future of BLDC motor drives for renewable energy 

systems will be dominated by smart, autonomous drive 

systems [12]. Therefore, it is essential for researchers to focus 

on emerging technologies and novel concepts that can eventua

lly lead to smart BLDC drives for renewable energy systems. 

 

6.1 Artificial Intelligence-Based Autonomous Control 

Artificial intelligence (AI) has gained significant attention 

in the field of BLDC drives for renewable energy systems. 

The use of AI in BLDC drives can lead to autonomous 

control systems with self-learning capabilities [13]. Some of 

the applications of AI in BLDC drives for renewable energy 

systems include optimizing the speed control, minimizing 

power consumption, and maximizing battery utilization [14]. 

On the other hand, AI can be used to predict and identify 

potential faults in the BLDC drives [15]. However, 

researchers should focus on addressing 

the computational demands and training data requirements 

of AI-based BLDC drives for renewable energy systems. 

 

6.2 Digital Twin-Based Monitoring 

Digital twin-based monitoring is an emerging concept 

in the field of BLDC drives for renewable energy systems.  

Digital twins can be used to monitor 

the performance of the BLDC drives and predict potential 

failures in the system [16]. The use of digital twins can also 

facilitate predictive maintenance [17]. In future BLDC drives 

for renewable energy systems, digital twins can be combined 

with AI, the IoT, and cloud computing to form smart cyber-

physical systems for the monitoring and control of renewable 

energy systems [18]. 
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6.3 Advanced Semiconductor Technologies 

One of the main future trends in BLDC drives for renewable 

energy systems is the adoption of advanced 

power semiconductors made of silicon carbide and GaN [19]. 

 

6.4 Hybrid Renewable Energy Systems 

Hybrid renewable energy systems are becoming 

more popular than stand-alone systems. Hybrid systems offer 

several advantages over their stand-alone counterparts [20]. 

For instance, hybrid PV/wind systems can provide continuous 

power to operate a BLDC motor [21]. However, there is a 

need to develop advanced power electronic converters 

and energy management strategies for hybrid renewable 

energy systems. 

 

7. Conclusion 

Brushless direct current (BLDC) motor drives have gained 

considerable attention as energy efficient drives for renewable 

energy systems. This paper reviews recent advances in BLDC 

motor drives for renewable energy systems with a focus on 

control strategies, performance improvement, and 

future trends. The review highlights the key aspects of BLDC 

drives for renewable energy systems including 

power electronics, photovoltaic maximum power point 

tracking methods, and energy management. The review  

also discusses future trends and research directions in BLDC 

motor drives for renewable energy systems.  

The article demonstrates that BLDC motor drives are a critical 

component in renewable energy systems as they offer high 

efficiency, reliability, compact size, and good controllability. 

The review highlights the significance of advanced control 

techniques such as model predictive control and artificial intel

ligence in improving the performance of BLDC motor drives 

for renewable energy systems.  In addition, the 

importance of optimizing the performance of BLDC motor 

drives for renewable energy systems using advanced 

power semiconductor devices cannot be underestimated. 

The review also shows that reliable BLDC motor drives for 

renewable energy systems can be achieved using IoT-driven 

fault diagnosis methods. Finally, future BLDC motor 

drives will become more intelligent using emerging technologi

es such as digital twins and artificial intelligence. 
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