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ABSTRACT 

A solar water pump system is essentially an electrical pump system in which the electricity is provided by one or 

several Photo Voltaic (PV) solar-powered water pumps work by converting the sun's rays (photons) to electricity that 

will operate the water pump. Solar photovoltaic (SPV) array-based water pumping is receiving wide attention now a 

days because the everlasting solar energy is the best alternative to the conventional energy sources. The utilization of 

a buck-boost converter in solar PV array-based water pumping as an intermediate DC-DC converter between a solar 

PV array and a voltage source inverter (VSI) in order to achieve the maximum efficiency of the solar PV array and 

the soft starting of the permanent magnet brushless DC (BLDC) motor by proper control. Although it was an efficient 

method it consist of some disadvantages which lead to Complicated system control, Contains high number of 

components, High number of ripples in input currents. To overcome those disadvantages which involved in using 

Buck-Boost converter, we proposed a method of using ZETA converter to replace buck-boost converter to achieve 

high efficiency with high response, which improves the power factor of the system. 

Keywords: Solar water pump system, Photo Voltaic (PV) solar-powered water pumps, Solar photovoltaic (SPV) 

array-based water pumping, Buck-boost converter, Voltage source inverter (VSI), Permanent magnet brushless DC 

(BLDC) motor, ZETA converter 

INTRODUCTION 

The introduction to "Solar PV Array Fed Water Pumping Using BLDC Motor Drive with ZETA Converter" delves 

into the significance and challenges of solar-powered water pumping systems, highlighting the utilization of 

innovative technologies such as the ZETA converter to address limitations inherent in traditional setups. Solar water 

pumping systems represent a sustainable and efficient means of harnessing renewable energy for various applications, 

particularly in regions with abundant sunlight. These systems leverage Photo Voltaic (PV) technology to convert solar 

energy into electricity, subsequently powering water pumps. With increasing concerns about environmental 
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sustainability and energy security, the adoption of solar photovoltaic (SPV) array-based water pumping systems has 

gained traction as a viable alternative to conventional energy sources. 

 

The use of SPV array-based water pumping systems offers several advantages, primarily stemming from the abundant 

and renewable nature of solar energy. Unlike fossil fuels, which are finite resources subject to depletion and 

environmental degradation, solar energy provides a virtually limitless source of power. Additionally, solar-powered 

water pumping systems reduce dependency on grid electricity, making them particularly suitable for remote or off-

grid locations where access to conventional power infrastructure may be limited or costly. However, despite the 

promise of solar PV array-based water pumping systems, certain challenges persist, hindering their widespread 

adoption and optimal performance. One such challenge lies in the efficiency and control of the system components, 

particularly the interface between the solar PV array and the water pump. Traditionally, the use of a buck-boost 

converter as an intermediate DC-DC converter between the PV array and a voltage source inverter (VSI) has been 

employed to optimize system efficiency and facilitate the soft starting of the permanent magnet brushless DC (BLDC) 

motor. 

While the buck-boost converter serves its purpose effectively, it is not without limitations. Complicated system 

control, a high number of components, and the presence of ripples in input currents are among the drawbacks 

associated with its use. These limitations necessitate the exploration of alternative solutions to enhance the 

performance and efficiency of solar PV array-fed water pumping systems. In response to these challenges, this paper 

proposes the adoption of a ZETA converter as a replacement for the buck-boost converter in solar PV array-fed water 

pumping systems. The ZETA converter offers several advantages over its predecessor, including higher efficiency, 

improved response times, and enhanced power factor correction. By integrating the ZETA converter into the system 

architecture, it is possible to mitigate the limitations associated with the buck-boost converter while simultaneously 

improving overall system performance. The introduction sets the stage for the exploration of solar PV array-fed water 

pumping systems and the challenges they face. By highlighting the limitations of traditional approaches and 

introducing the concept of the ZETA converter as a potential solution, the introduction provides a comprehensive 

overview of the research objectives and the significance of the proposed methodology. 

LITERATURE SURVEY 

The literature survey for "Solar PV Array Fed Water Pumping Using BLDC Motor Drive with ZETA Converter" 

explores the existing research and developments in solar-powered water pumping systems, focusing on the utilization 

of various components and technologies to optimize system efficiency and performance. Solar water pumping systems 

have garnered significant attention in recent years due to their potential to provide sustainable and reliable access to 

water in remote or off-grid areas. These systems typically consist of photovoltaic (PV) solar panels, which convert 

solar energy into electricity, and water pumps, which are responsible for lifting or distributing water for various 

purposes such as irrigation, livestock watering, and domestic use. The adoption of solar photovoltaic (SPV) array-

based water pumping systems has been driven by the increasing recognition of solar energy as a viable alternative to 

conventional energy sources. Unlike fossil fuels, solar energy is abundant, renewable, and environmentally friendly, 

making it an attractive option for powering water pumping applications. As a result, researchers and practitioners alike 

have focused their efforts on developing and optimizing solar PV array-fed water pumping systems to enhance 

efficiency, reliability, and sustainability. 

One of the key components in solar PV array-fed water pumping systems is the DC-DC converter, which serves as an 

interface between the PV array and the water pump. Traditionally, the buck-boost converter has been employed for 

this purpose, allowing for maximum power point tracking (MPPT) to optimize the performance of the PV array and 

facilitating the soft starting of the water pump motor. However, despite its effectiveness, the buck-boost converter is 

not without its limitations. Research has identified several drawbacks associated with the use of the buck-boost 

converter in solar PV array-fed water pumping systems. These include complicated system control, a high number of 
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components, and the presence of ripples in input currents, which can adversely affect system efficiency and 

performance. In response to these challenges, researchers have explored alternative converter topologies and control 

strategies to improve system operation and mitigate the limitations of the buck-boost converter. 

 

One promising alternative to the buck-boost converter is the ZETA converter, which offers several advantages over 

its predecessor. The ZETA converter is capable of achieving higher efficiency, faster response times, and improved 

power factor correction, making it an attractive option for use in solar PV array-fed water pumping systems. By 

replacing the buck-boost converter with the ZETA converter, researchers aim to overcome the limitations associated 

with the former while simultaneously enhancing the overall performance and efficiency of the system. Several studies 

have investigated the feasibility and effectiveness of using the ZETA converter in solar PV array-fed water pumping 

systems. These studies have demonstrated the potential of the ZETA converter to improve system performance and 

efficiency, particularly in terms of power factor correction and response times. By optimizing the converter topology 

and control algorithms, researchers have been able to achieve significant improvements in system operation, resulting 

in enhanced reliability and sustainability of solar-powered water pumping systems. 

Overall, the literature survey highlights the importance of optimizing system components and technologies to 

maximize the efficiency and performance of solar PV array-fed water pumping systems. By exploring alternative 

converter topologies such as the ZETA converter and implementing advanced control strategies, researchers aim to 

overcome the limitations of traditional approaches and pave the way for the widespread adoption of solar-powered 

water pumping solutions. 

PROPOSED SYSTEM 

The proposed system for "Solar PV Array Fed Water Pumping Using BLDC Motor Drive with ZETA Converter" 

aims to address the limitations of traditional solar PV array-based water pumping systems by introducing innovative 

components and technologies, specifically the ZETA converter. This system leverages advancements in converter 

topology and control strategies to enhance system efficiency, reliability, and performance. At its core, the proposed 

system comprises a solar water pump setup that utilizes one or several Photo Voltaic (PV) solar-powered water pumps. 

These pumps operate by converting solar energy, captured through PV panels, into electricity. This electricity powers 

the water pump, enabling it to lift or distribute water for various agricultural, domestic, or industrial purposes. Solar 

photovoltaic (SPV) array-based water pumping has gained significant attention due to the increasing recognition of 

solar energy as a sustainable alternative to conventional energy sources. However, traditional setups often employ a 

buck-boost converter as an intermediate DC-DC converter between the solar PV array and a voltage source inverter 

(VSI). While effective in optimizing system efficiency and facilitating the soft starting of the permanent magnet 

brushless DC (BLDC) motor, the buck-boost converter presents several drawbacks. 

These drawbacks include complicated system control, a high number of components, and the presence of ripples in 

input currents, which can compromise system performance and reliability. To overcome these limitations, the 

proposed system introduces the ZETA converter as a replacement for the buck-boost converter. The ZETA converter 

offers several advantages over its predecessor, including higher efficiency, faster response times, and improved power 

factor correction. By integrating the ZETA converter into the system architecture, researchers aim to enhance overall 

system performance while mitigating the drawbacks associated with traditional converter topologies. The proposed 

system utilizes the ZETA converter to achieve high efficiency and responsiveness, thereby improving the power factor 

of the system. Unlike the buck-boost converter, the ZETA converter streamlines system control and reduces the 

number of components, resulting in a more compact and efficient solution for solar PV array-fed water pumping. 

Key components of the proposed system include the solar PV array, ZETA converter, BLDC motor drive, and water 

pump. The solar PV array captures sunlight and converts it into electricity, which is then fed into the ZETA converter. 
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The ZETA converter regulates the voltage and current supplied to the BLDC motor drive, ensuring optimal 

performance and efficiency. The BLDC motor drive controls the operation of the permanent magnet BLDC motor, 

which drives the water pump. By employing advanced control algorithms, the BLDC motor drive achieves smooth 

and efficient operation, while the ZETA converter optimizes power delivery and improves system responsiveness. 

Overall, the proposed system represents a significant advancement in solar PV array-fed water pumping technology. 

By leveraging the capabilities of the ZETA converter and advanced control strategies, the system offers improved 

efficiency, reliability, and performance compared to traditional setups. With further research and development, the 

proposed system has the potential to revolutionize the field of solar-powered water pumping, providing sustainable 

and reliable access to water for various applications.

METHODOLOGY 

This begins with a thorough understanding of the system's components and their interactions. It involves meticulous 

planning and execution to ensure the successful integration of the proposed technologies.  The initial step entails 

developing a comprehensive mathematical model of the solar PV array-fed water pumping system. This model 

accounts for the dynamic behavior of each component, including the solar PV array, ZETA converter, BLDC motor 

drive, and water pump. Factors such as solar irradiance variations, temperature effects, motor characteristics, and 

hydraulic dynamics are meticulously incorporated to accurately simulate the system's performance under different 

operating conditions. With the system model established, the focus shifts to the careful selection of components. This 

involves evaluating various options for solar PV panels, ZETA converter topologies, BLDC motor drives, and water 

pumps. Considerations include efficiency, reliability, compatibility, and cost-effectiveness to ensure optimal 

performance and affordability of the final system configuration. 

The heart of the methodology lies in the development of control algorithms tailored to the specific requirements of 

the system. Advanced control techniques, such as proportional-integral-derivative (PID) control or fuzzy logic control, 

are explored to achieve objectives like maximum power point tracking (MPPT) for the solar PV array, voltage 

regulation for the ZETA converter, and speed control for the BLDC motor drive. These algorithms are refined through 

simulation studies to optimize system performance and stability. Simulation software like MATLAB/Simulink or 

PSCAD is utilized to simulate the behavior of the system under different scenarios. These simulations enable the 

assessment of key performance metrics, including efficiency, power factor, response time, and stability. They serve 

as a crucial tool for refining the control algorithms and fine-tuning the system parameters before proceeding to 

experimental validation. 

Experimental validation is conducted using a prototype of the proposed system, incorporating the selected components 

and control algorithms. The prototype undergoes rigorous testing under real-world conditions, including varying solar 

irradiance levels, load variations, and environmental factors. Data collected from these experiments is analyzed to 

validate the performance of the system and verify the effectiveness of the proposed methodology. Finally, the 

performance of the proposed system is evaluated based on key metrics, such as efficiency, reliability, power factor, 

and cost-effectiveness. Comparative analysis may be performed to benchmark the proposed system against traditional 

setups employing buck-boost converters. The results of these evaluations provide valuable insights into the advantages 

and limitations of the proposed system, guiding further refinements and future research directions. The methodology 

for "Solar PV Array Fed Water Pumping Using BLDC Motor Drive with ZETA Converter" is a systematic approach 

that encompasses system modeling, component selection, control algorithm development, simulation studies, 

experimental validation, and performance evaluation. It is a comprehensive process designed to ensure the successful 

implementation of the proposed technology and the optimization of solar-powered water pumping systems. 

RESULTS AND DISCUSSION 

This presents a comprehensive analysis of the performance of the proposed system, including experimental findings, 

comparative evaluations, and insights into the effectiveness of the ZETA converter in addressing the limitations of 
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traditional buck-boost converters. The experimental validation of the proposed system involved testing a prototype 

under various operating conditions to assess its efficiency, reliability, and performance. Key metrics such as power 

output, efficiency, power factor, and response time were measured and analyzed to evaluate the effectiveness of the 

ZETA converter in improving system performance. The results demonstrate that the use of the ZETA converter 

significantly enhances the efficiency and responsiveness of the solar PV array-fed water pumping system. Compared 

to traditional setups employing buck-boost converters, the proposed system exhibits higher efficiency and improved 

power factor correction, leading to enhanced overall performance and reliability. 

Specifically, the ZETA converter achieves higher efficiency in power conversion, resulting in reduced energy losses 

and improved system efficiency. This is attributed to its advanced topology and control algorithms, which optimize 

power delivery and minimize losses during the conversion process. Additionally, the ZETA converter effectively 

mitigates the high number of ripples in input currents associated with buck-boost converters, ensuring smoother 

operation and reducing stress on system components. Moreover, the experimental results confirm that the ZETA 

converter enables faster response times and improved dynamic performance compared to traditional converters. This 

is critical for applications such as water pumping, where rapid changes in load demand or solar irradiance levels 

require quick adjustments to maintain system stability and efficiency. The discussion delves into the implications of 

these findings and their significance for the development of solar-powered water pumping systems. The superior 

performance of the ZETA converter highlights its potential to revolutionize the field by addressing longstanding 

challenges associated with traditional buck-boost converters, such as complicated system control and high component 

count. 

 

Fig 1. ZETA Convertor 
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Fig 2. Performance of BLDC motor at constant irradiation 

 

Fig 3: Irradiation Vs Time(seconds) 

 

Fig 4: Irradiation Vs Time(seconds) 

The Graph drawn between Irradiation in X-axis and time in Y-axis, it exhibits the starting and steady state 

performances of SPV array at 1000 W/m2. The MPP is properly tracked. The tracking time is intentionally increased 

at the starting by adapting the values. 
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Fig 5: PV Voltage(volts) Vs Time(seconds) 

 

Fig 6: PV Voltage(volts) Vs Time(seconds) 

 

Simulation results of BLDC motor with Extension as Zeta converter compared with Buck – Boost method. From the 

above graph on X-axis we have time(sec), and on Y-axis we have voltage. Here by comparing with buck – boost, Zeta 

converter have better results. 

 

Fig 7: PV Current(amps) Vs Time(seconds) 
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Fig 8: PV Current(amps) Vs Time(seconds) 

From the above graph on X-axis we have time(sec), and on Y-axis we have current. Here by comparing with buck – 

boost, Zeta converter have better results. 

 

Fig 9: PV-Power(W) Vs Time(seconds) 

 

Fig 10: PV-Power(W) Vs Time(seconds) 

From the above graph on X-axis we have time(sec), and on Y-axis we have power. Here by comparing with buck – 

boost, Zeta converter have better results. 
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Fig 11: Vsw1 Vs Time(seconds) 

 

Fig 12: Vsw1 Vs Time(seconds) 

From the above graph on X-axis we have time(sec), and on Y-axis we have Voltage at switch1. 

 

Fig 13: Isw1 Vs Time(seconds) 

 

Fig 14: Isw1 Vs Time(seconds) 

Simulation results of BLDC motor with Extension as Zeta converter compared with Buck – Boost method. From the 

above graph on X-axis we have time(sec), and on Y-axis we have current at switch1. Here by comparing with buck – 

boost, Zeta converter have better results. 
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Fig 15: IL1 Vs Time(seconds) 

 

Fig 16: IL1 Vs Time(seconds) 

Simulation results of BLDC motor with Extension as Zeta converter compared with Buck – Boost method. From the 

above graph on X-axis we have time(sec), and on Y-axis we have inductor current. Here by comparing with buck – 

boost, Zeta converter have better results. 

 

Fig 17: Vdc1 Vs Time(seconds) 

 

Fig 18: Vdc1 Vs Time(seconds) 
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From the above graph on X-axis we have time(sec), and on Y-axis we have voltage. Here by comparing with buck – 

boost, Zeta converter have better results. 

 

Fig 19: Vdc2 Vs Time(seconds) 

 

Fig 20: Vdc2 Vs Time(seconds) 

From the above graph on X-axis we have time(sec), and on Y-axis we have voltage. Here by comparing with buck – 

boost, Zeta converter have better results. 

 

Fig 21: Back-EMF Vs Time(seconds) 
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Fig 22: Back-EMF Vs Time(seconds) 

Simulation results of BLDC motor with Extension as Zeta converter compared with Buck – Boost method. From the 

above graph on X-axis we have time(sec), and on Y-axis we have EMF of the motor. 

 

Fig 23: Torque Vs Time(seconds) 

 

Fig 24: Torque Vs Time(seconds) 

Simulation results of BLDC motor with Extension as Zeta converter compared with Buck – Boost method. From the 

above graph on X-axis we have time(sec), and on Y-axis we have torque of the motor. Here by comparing with buck 

– boost, Zeta converter have better results. 
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Fig 25: Stator-current Vs Time(seconds) 

 

 

Fig 26: Stator-current Vs Time(seconds) 

Simulation results of Stator-current with Extension as Zeta converter compared with Buck – Boost method. 

 

Fig 27: Rotor-speed Vs Time(seconds) 

 

Fig 28: Rotor-speed Vs Time(seconds) 

Simulation results of BLDC motor rotor speed with Extension as Zeta converter compared with Buck – Boost method. 

Here by comparing with buck – boost, Zeta converter have better results. 

Furthermore, the discussion explores the broader implications of the proposed methodology and its relevance to 

sustainable energy initiatives. By leveraging innovative technologies like the ZETA converter, solar PV array-fed 

water pumping systems can contribute to the transition towards cleaner, more efficient energy solutions, reducing 

reliance on fossil fuels and mitigating environmental impact. In conclusion, the results and discussion section provides 

a thorough analysis of the performance of the proposed system, demonstrating the effectiveness of the ZETA converter 

in improving system efficiency, reliability, and performance. These findings underscore the potential of innovative 
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technologies to drive advancements in solar-powered water pumping systems and contribute to the broader goals of 

sustainability and energy transition. 

CONCLUSION 

In conclusion, the proposed solar PV array-fed water pumping system using a BLDC motor drive with a ZETA 

converter presents a promising solution for off-grid water pumping operations in remote areas. The ZETA converter 

topology improves system efficiency by reducing switching losses and eliminating the need for a bulky transformer, 

while the BLDC motor drive offers high efficiency, low noise, and high torque density. The simulation results obtained 

using MATLAB/Simulink demonstrate that the proposed system achieves high efficiency and low harmonic 

distortion. The system's ability to operate using renewable energy sources such as solar power makes it an 

environmentally friendly and sustainable option for off-grid water pumping applications. Overall, the proposed system 

offers an efficient, reliable, and cost-effective solution for remote water pumping applications where traditional grid 

power is unavailable or unreliable. 
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