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Abstract  

This project focuses on developing a photovoltaic water pumping system (PVWPS) that harnesses 

solar energy to provide an efficient and eco-friendly solution for water management. We designed 

and implemented key components including a DC-DC boost converter and its support electronic 

cards using professional software. This system aims to convert a 30V DC input to a variable DC 

output, essential for powering one of the water fountains at our faculty at different water heads. 

Through meticulous integration of solar panels, MPPT controller, batteries, and load, our project 

demonstrates significant potential in sustainable water supply solutions. Theoretical insights and 

practical applications highlight our innovative approach to addressing real-world challenges in 

water access and power electronics. 

Key words: Power Converters, PVWPS, MPPT, Solar Panels, Electronic Card Design. 

 ملخص 

 خ ضالذي يستعمل الطاقة الشمسية لتوفير حل فعال ل (PVWPS) هذا المشروع يركز على تطوير نظام ضخ المياه الكهروضوئي

بطاقات الو DC-DC الأساسية بما في ذلك محول رفع الجهد  عناصرال  تصنيعالمياه وفي نفس الوقت صديق للبيئة، قمنا بتصميم و 

  توتر إلى   DC فولط  30  ةبقيم  المقدر  دخلال  توترإلى تحويل    تصميم إحترافية، يهدف هذا الوتقنيات  الإلكترونية بإستخدام برامج  

ي  ذالمشروع الهذا الدقيق ل صميممن خلال الت .رداسفي بوم التكنولوجيا  لكليةلتشغيل أحد نوافير المياه  هذامتغيرة، و بقيم خرجم

يوضح هذا المشروع إمكانات كبيرة في حلول المياه   الحمولةو  ، البطارياتMPPT لألواح الشمسية، وحدة التحكما  توي علىيح

في مواجهة تحديات العالم الحقيقي في الوصول   والتطبيقات العلمية الضوء على نهجنا المبتكرالمستدامة.  تسلطَ الرؤى النظرية  

 .إلى المياه وإلكترونيات الطاقة

 .تصميم بطاقة إلكترونية شمسية،, ألواح  PVWPS ,MPTT الطاقة،محولات  المفتاحية:كلمات ال

Résumé  

Ce projet est dédié au développement d'un système de pompage d'eau photovoltaïque (PVWPS) 

qui exploite l'énergie solaire pour fournir une solution efficace et écologique pour la gestion de 

l'eau. Nous avons conçu et mis en œuvre des composants clés, notamment un convertisseur 

élévateur DC-DC et ses cartes électroniques, à l'aide de logiciels professionnels. Ce système vise 

à convertir une entrée 30V DC en une sortie DC variable, essentielle pour alimenter l'une des 

fontaines de notre faculté à différentes hauteurs d'eau. A travers l'intégration méticuleuse des 

panneaux solaires, d’un contrôleur MPPT, des batteries et de la charge, ce projet démontre un 

potentiel important en matière de solutions durables d'approvisionnement en eau. Les 
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connaissances théoriques et les résultats pratiques mettent en évidence notre approche innovante 

pour relever les défis du monde réel en matière d'accès à l'eau et d'électronique de puissance. 

Mots clés :  Convertisseurs de Puissance, PVWPS, MPPT, Panneaux Solaires, Conception de Carte 

ÉlectroniquE
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GENERAL INTRODUCTION 

Photovoltaic Water Pumping Systems (PVWPS) are increasingly gaining attention and 

application due to their sustainable and efficient approach to water management. PVWPS utilize 

solar energy to power water pumps, converting sunlight directly into electrical energy through 

photovoltaic (PV) panels. This renewable energy system is particularly advantageous in remote 

and off-grid areas where conventional electricity supply is unavailable or unreliable. The growth 

of PVWPS in recent years can be attributed to advancements in solar technology, decreasing costs 

of PV panels, and a heightened global emphasis on reducing carbon footprints. The advantages of 

PVWPS include minimal operational costs, low maintenance requirements, and the ability to 

provide a consistent water supply without relying on fossil fuels, making them an environmentally 

friendly and economically viable solution for agricultural, industrial, and domestic water needs. 

Electronic power converters play a crucial role in the constitution of Photovoltaic Water 

Pumping Systems (PVWPS). These converters are responsible for managing and optimizing the 

electrical energy generated by the PV panels, ensuring that the power supplied to the water pumps 

is stable and efficient. The importance of electronic power converters lies in their ability to convert 

the direct current (DC) produced by the solar panels into the alternating current (AC) required by 

many water pump motors or to manage the DC-DC conversion for DC pump motors. 

DC-DC conversion is particularly vital for PVWPS that utilize DC pump motors, with DC-

DC booster converters playing a key role in this process. DC-DC boosters increase the voltage 

from the PV panels to a level suitable for the DC pump motors, ensuring that the pump operates 

efficiently even when the solar input is variable.  

In this project, we design and implement a DC-DC boost converter along with its 

supporting electronic cards, specifically the control card and power supply card, entirely from 

scratch. The development process involves the use of various software tools, including Altium 

Designer for PCB design, Proteus 8 Professional for circuit simulation, MikroC for microcontroller 

programming, and MATLAB/Simulink for system modeling and analysis. The process involved 

meticulous planning and execution to ensure all components functioned seamlessly together. Our 

approach integrated both hardware and software elements to create a robust and efficient system. 
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This comprehensive design and implementation project demonstrates our capability in developing 

complex electronic systems. 

Chapter 1 provides an overview of PVWPS, including installation procedures, control 

mechanisms, and case studies conducted in Algeria. In Chapter 2, we delve into the crucial 

components of PVWPS, particularly power converters such as DC boosters and inverters, essential 

for converting and regulating the solar energy into usable power for the water pumping system. 

Finally, Chapter 3 details the implementation and design of our PVWPS, where we develop 

electronic cards and demonstrate the functionality by powering a water fountain at our faculty. 

Through these chapters, we aim to provide a comprehensive understanding of PVWPS technology 

and showcase its practical application in addressing water management challenges. 

 



 

 

 

 

 

CHAPTER I 

 

GENERALITIES ON 

PHOTOVOLTAIC WATER 

PUMPING SYSTEMS 
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I.1. Introduction 

In the field of sustainable energy solutions, photovoltaic water pumping systems (PVWPS) 

stand out as a beacon of innovation and environmental stewardship. These systems harness the 

power of sunlight to efficiently pump water, offering a reliable and eco-friendly alternative to 

traditional pumping methods. Understanding the fundamentals of photovoltaic water pumping 

systems is essential for grasping their significance in various applications, from agriculture to rural 

development and beyond. 

This chapter provides a comprehensive overview of PVWPS, delving into their 

functionality, types, design considerations, and control mechanisms. By exploring the intricate 

workings of these systems, we aim to unravel the complexities behind their operation and elucidate 

the principles driving their efficiency and effectiveness. From solar panels to pumping 

mechanisms, this chapter elucidates the core components of photovoltaic water pumping systems, 

shedding light on their transformative potential in addressing water access challenges worldwide.  

 

I.2. Types of photovoltaic water pumping systems  

PVWPS are classified depending on the configuration of the systems. There are two 

configurations of PV water pumping systems:  

I.2.1. Hybrid systems  

These combine multiple energy sources, usually two sources, such as wind turbines, diesel 

generators, or photovoltaic panels to ensure a continuous and reliable power supply. This approach 

allows flexibility to adapt to different energy requirements and environmental conditions. For 

example, during periods of low wind or sunlight, a diesel generator can kick in to provide 

additional power, ensuring an uninterrupted electricity supply. Likewise, excess energy generated 

by renewable energy sources during favorable conditions can be stored for later use or fed back to 

the grid. By combining different energy sources, hybrid systems provide a sustainable and flexible 

solution to meet diverse energy needs while reducing dependence on fossil fuels. 
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Fig I.1. Hybrid PVWPS system 

I.2.2. Standalone systems 

The AC standalone water pumping systems in general consist of a PV array, an inverter 

with a centralized maximum power point tracker (MPPT), and a pump. Such a system can have a 

block of batteries as a backup power supply, but because the system cost is a very important factor, 

systems are designed in a way to meet the demand during the solar day without any need for 

batteries.  

 

Fig I.2. Standalone PVWPS system 
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We will detail more about this system because it is the one that our project is about although 

in our system, we have a block of two batteries in series as backup.  

 

I.3. Installation of photovoltaic water pumping system 

Numerous failures in PVWPS stem from issues with the pump itself, despite the PV power 

supply boasting higher reliability than the pump/motor subsystem. Ensuring proper installation of 

the pumping hardware is crucial for enhancing reliability. Below are key considerations to bear in 

mind: 

• Managing water level variations: 

 Wells can experience fluctuations in water levels seasonally, daily, or even hourly, with 

reports of drops up to 75 feet during pumping in rocky areas. To mitigate risks, pumps must be 

positioned to maintain the water inlet below the water level consistently. Incorporating a level 

switch or mechanical valve is advisable if the well's replenishment rate is lower than the maximum 

pumping rate to safeguard the pump from operating dry. Additionally, using float switches on 

storage tanks smaller than the daily pump rate can prevent water wastage or pump damage from 

overheating. 

• Shielding the pump input: 

 Pump failure often results from sand intake. Employing a sand screen, available as an 

option from most pump manufacturers or through recommended methods, is crucial for wells 

susceptible to dirt and sand ingress. 

• Grounding the equipment:  

Water pumps are susceptible to lightning strikes due to their excellent grounding. It's 

advisable to avoid locating the pump system on elevated terrain and consider installing lightning 

rods nearby. Properly grounding the pump motor, array frame, equipment boxes, and one system 

conductor to the well casing or a bare conductor leading to the water level is essential. Avoid using 

the pump pipe string as a ground to prevent interruption during maintenance. Installing monitors 

for electronic protection is recommended in lightning-prone areas. 
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• Minimizing long pipe runs: 

Extensive pipe runs, especially in wells with jack pumps, can result in significant losses. 

Friction losses, contingent on pump maintenance, pipe size, length, ammeter size, and pump 

cylinder bends, must be managed, particularly as PV system output varies throughout the day. 

Keeping friction losses below 10% of the head is critical to maintaining pump system efficiency, 

achieved through measures like oversizing pipes, reducing bends and junctions, and lowering flow 

rates. 

• Safeguarding control equipment: 

 Housing all electronic control equipment in weather-resistant enclosures and using 

approved outdoor wires or conduits is imperative. Employing cables suitable for submersible 

pumps according to manufacturer recommendations is essential. 

• Utilizing steel pipe: 

 Steel pipe is recommended for well usage, particularly with submersible pumps, due to its 

durability compared to plastic pipe which may break. However, plastic pipe offers a cost-effective 

means for water conveyance from the well to storage tanks or end users. 

• Protecting the well: 

 Installing sanitary well seals for all wells and burying pipes at a depth that prevents damage 

from traffic, future trenching, or excavation is essential. Marking pipe runs for future reference 

aids in maintenance and identification. 

I.4. Photovoltaic water pumping system design procedures  

The high initial cost of a PV array is a significant drawback of PVWPS. Consequently, 

many researchers are focusing on determining the optimal size of a PV array, as well as other 

components such as the storage unit and inverter, to meet the required load at minimum cost. In 

general, three main methods are used for sizing PV systems: intuitive, numerical, and analytical 

[1, 2]. 

The simplest method is the intuitive approach, which relies on the worst month or the 

average monthly solar radiation for sizing the PV array and storage units. However, this method 
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may lead to over- or under sizing of the PV system, increasing costs or compromising system 

reliability, as noted by [3]. Therefore, it is primarily suitable for estimating initial and approximate 

sizes of a PV system [4]. 

On the other hand, the numerical method involves using hourly meteorological data to 

simulate the system's hourly energy flow, identifying possible system configurations that achieve 

a specific level of reliability. However, the main drawback is the lengthy computation time 

required to identify the optimal configuration within the design space, as it evaluates system 

reliability for all configurations [4]. 

In the analytical method, equations for PV system size in terms of system reliability are 

developed and utilized. Although this method offers simplicity and accuracy in calculating system 

size, the complexity of deriving equations' coefficients poses a challenge. 

Nevertheless, several considerations must be addressed when sizing a PVWPS, including 

accurate information regarding water flow rate profile demand, the efficiency and specifications 

of PVWPS components, and other relevant factors [5]. 

 

Fig I.3. Design parameters of a PV-water pumping system 
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I.5. Control procedures of PVWPS 

Optimal control of a Photovoltaic Pumping System (PVWPS) is crucial for ensuring its 

efficient operation and overall reliability. Researchers have developed various control approaches 

to enhance the performance of PVWPS [6–12], encompassing MPPT algorithms, voltage 

regulation, frequency control, and load matching. 

MPPT, a technique applied to PV systems, is designed to extract and track the maximum 

power generated by the PV array under different weather conditions. MPPT algorithms are 

categorized into conventional algorithms, typically effective in the absence of shading objectives, 

and algorithms based on stochastic and AI techniques. Conventional algorithms may encounter 

challenges in tracking the Maximum Power Point (MPP) under partial shading conditions and 

rapidly changing solar radiation [13]. Common conventional MPPT algorithms include Perturb 

and Observe (P&O), Incremental and Conductance (InCond), Hill Climbing (HC), Fractional Voc, 

Fractional Isc, Ripple Correlation Control, and Load Current or Load Voltage Maximization. 

Among these, P&O and InCond algorithms are widely utilized in PV systems [13]. The P&O 

algorithm involves perturbing the output voltage of a PV array with a small value, and the sign of 

the next perturbation value is determined based on the direction of change in PV power. 

Meanwhile, in the InCond algorithm, the PV voltage is adjusted by comparing the instantaneous 

conductance (I/V) with the incremental conductance (△I/△V). 

In reference [14], the InCond method is employed to track the MPP of the PV array within 

a PVWPS, incorporating Minimum Losses Point Tracking (MLPT) for the induction motor. This 

proposed control strategy has demonstrated enhancements in the system's efficiency and a 

reduction in motor losses. Experimental findings have shown that implementing this strategy has 

resulted in a significant saving of 8% of the input power by mitigating motor losses. The basic 

principle behind this concept is to operate the motor with reduced flux when at reduced load torque, 

so that its efficiency is always maximum. 

In Reference [15], an MPPT algorithm and sun-tracking algorithm were implemented to 

enhance the overall efficiency of a PVWPS operating within a range of different total heads, from 

5 to 35 meters. The MPPT technique described in [15] is based on comparing the measured voltage 

of the PV array with a reference voltage, which corresponds to the voltage at which maximum 

power is achieved. This comparison is made against a sawtooth signal using a comparator, which 
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then generates a switching signal to control a MOSFET switch. The duty cycle of the triggering 

signal is determined by the output voltage of the PV array and the nature of the load. Additionally, 

the proposed sun tracker for the PVWPS led to a remarkable increase of 36% in the PV output 

power. 

In Reference [16], two P&O-based MPPT approaches are introduced for PVWPS: the 

direct duty cycle-based P&O and the reference voltage-based P&O. The study investigates the 

impact of the algorithm's parameters, such as step size and perturbation rate, on the system's 

performance. Additionally, the advantages and drawbacks of each approach under varying weather 

conditions are analyzed. The findings reveal that the reference voltage perturbation method 

exhibits a quicker response compared to the direct duty ratio perturbation method when faced with 

rapidly changing solar radiation and temperature. Conversely, the stability characteristics of the 

direct duty ratio perturbation method surpass those of the reference voltage perturbation technique, 

especially with high perturbation rates. Furthermore, the direct duty cycle ratio perturbation 

technique demonstrates higher energy utilization efficiency than the reference voltage perturbation 

method for both gradual and rapid changes in solar radiation. 

I.6. Motor pumps in PV pumping systems 

Motor-pump sets in PVWPS are classified into two types: alternating current (AC) and 

direct current (DC), each with its own range of applications and motor characteristics. Both 

rotating and displacement pumps can be powered by AC or DC motors. Commonly used in PV 

pumping applications are DC permanent magnet motors (both brushed and brushless) and squirrel 

cage induction motors. The selection of motor types depends on size requirements and the nature 

of the water source. Factors like efficiency, availability, and price play a role in motor selection, 

with power demand being a crucial parameter. For instance, DC permanent magnet motors are 

suitable for 3 HP mechanical loads, while DC wound field motors are used for 3–10 HP, and AC 

induction motors are preferred for power demands exceeding 10 HP. Generally, DC motors exhibit 

higher efficiency than AC motors, and they do not require an inverter since PV arrays generate DC 

power. However, DC motors may need periodic replacement due to mechanical parts like the 

commutator, typically after 2000–4000 hours. In contrast, AC motors are cost-effective and are 

chosen for high power demands. 
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The types of motors used in photovoltaic water pumping systems are illustrated in the 

accompanying figure. 

 

Fig I.4. Types of motors 

I.7. Types of pumps 

There are two broad categories of pumps used in standalone PV systems around the world: 

rotating and positive displacement. There are many variations on the designs of these two basic 

types [17]. 

I.7.1. Rotating pumps 

 Examples of the rotating pump types are centrifugal (fig I.5), rotating vane or screw drive. 

These pumps move water continuously when power is presented to the pump.  

 

Fig I.5. A centrifugal pump 
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The performance of these pumps relies on factors such as head, solar radiation (which 

determines current output), and operating voltage. They are particularly suitable for extracting 

water from shallow reservoirs or cisterns. While they can be directly connected to the output of a 

PV array, their efficiency can be enhanced by employing an electronic controller, such as a linear 

current booster, to optimize the match between the pump and the PV array.  

I.7.2. Positive displacement pumps 

Positive displacement pumps, which transport water in discrete "packets," include 

diaphragm pumps and piston pumps (referred to as jack pumps), fig I.6. These pumps are 

commonly utilized for drawing water from deep wells. Their output is largely unaffected by 

pumping head and is directly proportional to solar radiation. 

 

Fig I.6. A jack pump 
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Jack pumps should not be directly linked to a PV array output due to significant fluctuations 

in load current during each pump cycle. Peak power controllers are generally recommended to 

regulate this. These controllers adjust the operating parameters of the PV array to maximize current 

during motor starting and maintain optimal power conditions during operation. In some instances, 

batteries are integrated between the jack pump and the array to provide a stable voltage source for 

pump initiation and operation. Typically, these batteries are not sized to support nighttime pumping 

but rather to ensure stable system functioning. 

Pumps are categorized as either surface or submersible. Surface pumps offer easier 

accessibility for maintenance. When selecting a surface pump, it is important to differentiate 

between suction and lift capacities. The maximum length of the pipe connecting the pump to the 

water source is determined by the pump's suction capability, while the pump's lift capability 

determines the elevation to which it can transport water to a storage tank. 

Most submersible pumps boast high lift capabilities but are susceptible to damage from 

dirt and sand in the water. They should not be operated when the water level drops below the pump. 

The choice of pump type depends on factors such as required water volume, total dynamic head, 

and characteristics of the water source. 

Ultimately, choosing the appropriate pump depends on various factors, including daily 

water requirements, water source, and pumping head. Volumetric pumps are suitable for water 

flow under 15m³/day and pumping heads between 30 and 150m, while submersible centrifugal 

pumps are effective for high flow rates (25–100m³/day) and medium pumping heads (10–30m). 

I.8. Fountain pumps 

Fountain pumps are created to deliver water flow for decorative and aeration fountain 

purposes in various settings, including residential, commercial, and industrial applications. These 

pumps can be adapted for indoor or outdoor use, with distinctions based on factors like pool or 

pond size and whether the purpose is decorative or functional. Certain fountain pumps are solar-

powered, and they can collaborate with well pumps to craft unique garden or landscape features, 

like enchanting waterfalls. Fig I.7 shows a photo of an exterior decorative water fountain 



Chapter I                                    Generalities on Photovoltaic Water Pumping Systems 

 

13 
 

 

Fig I.7. An exterior decorative water fountain 

I.8.1. Types of Fountain Pumps 

Fountain pumps can be classified into types based on a number of factors: operating method, 

application, and whether the pump is external or submersible. 

- Operation 

All pumps are designed based on either the dynamic or positive displacement principle. Dynamic 

pumps, such as centrifugal pumps, rely on fluid momentum and velocity to create pump pressure, 

while positive displacement pumps use expanding and contracting cavities to displace fluids. 

Dynamic pumps are suitable for generating variable flows, making them ideal for high flow rates 

with low viscosity fluids. In contrast, positive displacement pumps are apt for producing constant 

flows, making them effective for generating high pressures (and low flow rates) with high viscosity 

fluids. 

Fountain pumps, commonly centrifugal pumps, employ the centrifugal force generated by an 

impeller's movement to move water through pressure. Functioning akin to a sump pump, a fountain 

pump redirects water back into the pond or reservoir rather than expelling it. Specifically, the pump 

transports water to an aerator or fountain device, creating a spray effect on the water's surface. The 

cascading water absorbs oxygen as it returns, facilitating aeration and supporting microbial 
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processes in wastewater breakdown or providing essential oxygenation for fish in ponds or farming 

tanks. 

- Application 

Fountain pumps serve distinct purposes, categorized into two main applications: commercial and 

industrial. 

Commercial fountain pumps primarily contribute to decorative functions and are available 

in various configurations, designed for both indoor and outdoor settings. These pumps are 

commonly used in tabletop or garden fountains where the machinery is housed in an above-ground 

reservoir rather than a pond.  

• Indoor pumps are tailored for smaller indoor fountains and decorative devices, typically 

featuring lower flow rates. 

• Outdoor fountain pumps can handle a significantly higher water volume per hour 

compared to their indoor counterparts. They are employed for aesthetic purposes in 

outdoor fountain fixtures, as well as for aeration in pools and ponds. 

Industrial fountain pumps serve broader applications, such as aerating wastewater from 

manufacturing processes, sewage treatment, or municipal water treatment. Additionally, these 

pumps play a role in circulating stagnant water to prevent algae buildup or control mosquito 

populations. Industrial pumps are generally more robust, designed to provide higher flow rates and 

pressures for various media. 

- Placement location 

Fountain pumps can be either submersible or external. 

  *Submersible pumps have the pump motor sealed within the pump body, allowing the entire 

system to be submerged in the water source. They are easier to install and are typically more cost-

effective. A submersible pump setup may look something like this (fig I.8), with a filter in place 

above the pump to prevent clogging 
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Fig I.8. A submersible pump with filters 

  * External pumps may require a more complex setup but are generally more efficient. They are 

well-suited for larger ponds, offering lower operating costs. External pumps are preferable for 

handling the back pressure associated with pressurized external filters, and they are easier to clean, 

repair, and tend to have a longer lifespan. 

I.8.2. Specifications 

Key specifications to consider when selecting fountain pumps include flow rate, pump 

head, pressure, horsepower, power rating, and outlet diameter. 

   - Flow rate denotes the volume discharge rate through the pump, usually expressed in gallons 

per minute (gpm) or gallons per hour (gph). 

   - Pump head defines the energy supplied to the liquid by the pump, often specified as a column 

height of liquid in feet. 

   - Pressure indicates the operational pressure of the pump, commonly given in pounds per square 

inch (psi) or bar. 

   - Horsepower measures the output power of the pump. 
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   - Power rating signifies the power required to operate the pump, expressed in Watts (W) or 

horsepower (hp). 

   - Outlet diameter refers to the size of the pump's discharge or outlet connection, detailing the 

inner and outer diameter dimensions. 

I.8.3. Matching Pump Specifications to the Application 

Fountain pumps must be sized to fit the needs of the fountain, reservoir, or pond they are 

servicing. Considerations include: 

Turning- To "turn" the water in a reservoir means to cycle all of the water through the pump. 

Sizing the pump to the desired turning rate is important for providing proper aeration. 

Selection Tip: For ponds with a pressurized filter, turn the water every two hours (for a 2000-

gallon reservoir, a 1000 gph pump is needed). For most other types of ponds, turn the water every 

hour (2000-gallon reservoir requires a 2000 gph pump).  

Pipe sizing - Pipes and tubes must fit the pump and allow proper flow. Pipe sizes that are too small 

will restrict flow, while pump sizes which are too large will result in an insufficient outlet velocity. 

Total head - Specifying the pump head requires determining the total head (resistance) of the 

system. This is determined from a combination of factors, including friction and elevation. In the 

case of the setup pictured below, the total head would include the length of the pipe (friction head) 

and the difference in height between the two pond surfaces (elevation head) [18]. 

 

Fig I.9. Example of a water fountain set-up 
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I.9. Examples of PVWPS installations and their field Performance  

In practice, the effectiveness of any PVWPS is influenced by various factors, encompassing 

meteorological conditions (such as solar radiation, ambient temperature, wind speed, humidity, 

and shadows), specifications of the PV modules (including conversion efficiency and tilt angle), 

and characteristics of the motor pump-hydraulic system (such as the I-V curve of the motor pump 

set, static, dynamic, and friction loss heads). This section provides an examination of PVWPS 

system reliability, feasibility, and field performance, drawing upon reported performances 

documented in the literature. A synthesis of these findings is subsequently presented, incorporating 

insights from the latest research articles on system performance. 

An essential parameter for evaluating the viability of a PVWPS is the annual productivity 

rate, denoting the volume of pumped water per 1 kWp. Additionally, the efficiencies of the PV 

array, subsystem, and the overall system, including the performance factor (the ratio of field 

performance to theoretical performance), are critical metrics for assessing PVWPS feasibility. The 

yield factor (ratio of average daily pumped water to rated pumped water) and the capacity factor 

(ratio of actual annual pumped water to the annual pumped water at full rating) serve as other 

indicators to gauge the productivity of a PVWPS. 

In a report conducted in Uganda, solar pumps are increasingly recognized as cost-effective, 

clean, and sustainable solutions for off-grid rural irrigation. With solar PV prices dramatically 

decreasing over the last decade, the International Renewable Energy Agency (IRENA) forecasts a 

59% reduction in electricity costs from solar PV by 2025 compared to 2015 levels. Despite the 

higher initial costs of solar-powered irrigation systems (USD 1,000 to 3,000 per acre), they are 

more economical over their lifecycle than diesel pumps, which have lower initial but higher 

maintenance and fuel costs. Additionally, the overall system performance efficiency for solar 

pumps is reported to be in the range of 3%–10%. Solar pumps have zero fuel costs, are easier to 

maintain, and are less vulnerable to global price fluctuations, potentially reducing overall costs by 

22-56% and achieving payback within two years.[19] 
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Fig. I.10. Overtime cost comparison of PVWPS and DG-based systems 

In Reference [20], an assessment was conducted on the performance of several PVWPSs 

situated in four distinct wilayas in Algeria—Tamanrasset, Oran, Algiers, and Bechar. These 

PVWPSs exhibited variations in their hourly load demands, PV module types, PV array 

configurations, storage tank capacities, pumping heads, and pump types. The impact of load 

profiles was elucidated through a metric termed "relative deficit," representing the ratio of the total 

demand deficit to the overall demanded water. The findings reveal a direct correlation between the 

relative deficit and the pumping head, underscoring the influence of these factors on system 

performance. Moreover, the relative deficit value is found to be contingent on the storage tank 

capacity of the system. Notably, the PVWPS equipped with a multistage pump demonstrated 

superior performance, particularly in scenarios with high pumping heads. In contrast, the motor-

pump and total efficiencies for this particular system were reported at 23% and 1.5%, respectively. 

In Reference [21], an investigation into the impact of shading on the performance of 

Photovoltaic Pumping Systems (PVWPS) in Bejaia-Algeria is documented. The study explores 

ten distinct partial shading scenarios to explicitly outline the effects of shadows on the PVWPS 

operation. The results indicate a significant reduction of 50% in PV production when the PV array 

is subject to shading, resulting in a degradation of overall system efficiency. Specifically, the 
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efficiency drops from 1.299% (without shading) to 0.83% (with shading). Furthermore, two 

shading instances resulted in a system shortage, emphasizing the adverse effects of shadowing on 

the functionality of the PVWPS. It was concluded that it is better to have a completely shaded 

string than several partially shaded ones. 

In Reference [22], a comparative analysis of a PVWPS with different configurations is 

outlined. The study encompasses four distinct systems, each featuring varied PV array setups. The 

first configuration (PVWPS1) is comprised of three parallel strings, with each string consisting of 

six 75W modules connected in series (6S×3P). The subsequent configurations (PVWPS2, 

PVWPS3, and PVWPS4) are characterized by setups of 12S×2P, 8S×3P, and 6S×4P, respectively. 

Experimental tests were conducted for these systems under sunny solar conditions and an 80m 

water head. 

The results indicate that PVWPS3 exhibited the highest performance, supplying a 

maximum daily water volume of 22 m3 and achieving the highest average pumping efficiency 

(45.06%) compared to the other configurations. It also had the highest fill factor among the rest 

which contributes immensely to the efficiency of a PVWPS. Furthermore, the overall efficiency 

of the fourth system remained relatively constant throughout the operation period, except during 

periods of low sunlight. In contrast, the electric power generated by PVWPS3 was found to be the 

most suitable for the DC pump, ensuring optimal power operation. 

I.10. Conclusion 

In conclusion, photovoltaic water pumping systems represent a paradigm shift in 

sustainable water management, offering a viable solution to water access challenges while 

reducing reliance on fossil fuels. Through their efficient utilization of solar energy, these systems 

empower communities to harness nature's abundant resources for essential water supply needs. As 

we've explored the various types, functionalities, and design considerations, it's evident that 

photovoltaic water pumping systems hold immense potential for driving socio-economic 

development and environmental conservation. With ongoing advancements in technology and 

increasing adoption worldwide, these systems are poised to play a pivotal role in shaping a more 

resilient and sustainable future. By embracing innovation and collaboration, we can maximize the 
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benefits of photovoltaic water pumping systems, ensuring equitable access to clean water for 

generations to come. 



 

 

 

 

 

CHAPTER II 

 

POWER CONVERTERS 

FOR PHOTOVOLTAIC 

WATER 

PUMPING SYSTEMS 

 



Chapter II                       Power Converters for Photovoltaic Water Pumping Systems 

21 
 

II.1. Introduction 

In the field of power electronic converters, a diverse array of technologies converges to 

shape the landscape of modern electrical systems. These converters serve as the pivotal link 

between different energy sources and loads, enabling efficient and controlled transfer of power 

across various applications. In our project, we embark on a focused exploration of two critical 

components: the DC-DC booster and the inverter.  

At the heart of our endeavor lies the imperative to transform a 30-volt DC input into a 220-

volt AC output, a task paramount for the operation of a water pump, specifically designed for a 

fountain. This journey delves deep into the intricacies of converter design and control 

methodologies, where precision and efficacy are paramount.  

Through this exploration, we not only seek to fulfill the immediate requirements of our 

project but also aspire to contribute to the broader discourse on power electronics. Our focus on 

the DC-DC booster and inverter underscores their pivotal roles in bridging the gap between DC 

input and AC output, facilitating the implementation of our fountain's vision.  

 

II.2. Power converters 

A power converter is a necessary electrical device in daily life that transforms electrical 

energy from one form to another. It encompasses a wide array of functions, including converting 

alternating current (AC) to direct current (DC) and vice versa, adjusting voltage or frequency 

levels, or combining these functions in various configurations. Power converters can range from 

basic transformers to intricate resonant converters, offering a diverse set of applications in power 

engineering and electrical systems components. [23] 

Overall, power converters are essential devices in electrical engineering, enabling efficient 

and controlled electrical energy conversion to meet the specific needs of diverse applications 

across various industries and sectors. The following figure II.I shows placement of power 

converters in an electrical circuit. 
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Fig. II.1. Power converter’s placement in electrical circuit  

A static converter is a meshed network of electrical components that acts as a linking, 

adapting, or transforming stage between two sources, typically between a generator and a load. It 

is composed of a set of electrical components, including non-linear elements like semiconductors 

and linear reactive elements like capacitors, inductances, and mutual inductances or transformers. 

These reactive components are used for intermediate energy storage, voltage and current filtering 

[24] [25]. 

II.3. Types of static converters 

 Static converters can be globally classified into four basic types: DC to DC, AC to AC, DC 

to AC and AC to DC. 

 

Fig II.2. Power Converter Classification 
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II.4. DC/DC Converters 

DC/DC converters change the magnitude of direct current from one level to another. They 

are categorized into linear converters (Voltage regulators) and switching converters (choppers). 

The primary contrast lies in their operational mechanisms: linear converters maintain a continuous 

current flow from the input to the load to sustain the desired load voltage. They are preferred for 

applications requiring low power and precise regulation at the board level, or where a noise-free 

power source is crucial, such as in analog, audio, or interface circuits. 

On the other hand, switching converters regulate the current flow by modulating the input 

voltage, controlling the average current through a percentage of on-time, known as the duty cycle. 

When the load demands higher current, the duty cycle is adjusted accordingly to accommodate the 

change. DC/DC converters employing switching mechanisms are widely favored in modern low 

and medium-power supply systems. 

II.4.1. DC Voltage regulators 

The effectiveness of a power supply hinges on various factors, including load voltage, load 

current, load regulation (LR), and other considerations. Load regulation, also known as LR or the 

load effect, quantifies the alteration in regulated output voltage as the load current shifts from its 

minimum to maximum level. Mathematically, LR is calculated by subtracting the rated full-load 

terminal voltage (UFL) from the no-load terminal voltage (UNL):  

LR = UNL - UFL                                                                           (II.1) 

This load regulation is commonly represented as a percentage by dividing the load regulation by 

the full-load voltage and then multiplying by 100 percent: 

%LR = (UNL - UFL) / UFL * 100           (II.2) 

A voltage regulator, essentially, is a circuit designed to maintain a constant DC load voltage even 

when confronted with significant fluctuations in line voltage and load resistance. It operates as an 

extremely stable DC voltage source, characterized by its negligible output resistance, nearly zero.  

To enhance load regulation, a controller may employ feedback from the output or 

feedforward from the input of the converter. This configuration aids in achieving superior 

regulation of power and resilience against variations in load and line conditions (fig II.3). The 
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primary objective of such a controller is to uphold the output at a predetermined level established 

by the reference. In a closed-loop control system, the measured feedback signal is compared with 

the desired reference, forming the fundamental structure for regulation [26]. 

 

Fig II.3. Structure of a DC voltage regulator 

The linear converters offer the designer four major advantages:   

• Simplicity and Low Cost: Linear converters offer a straightforward and cost-effective 

solution. 

• Quiet Operation and Load-Handling Capacity: They operate quietly and are effective at 

handling varying loads. 

• Minimal Electrical Noise on Output: Linear converters produce little to no electrical noise 

on their output. 

• Very Short Load Response Time: They exhibit rapid response times when the load 

changes. 

Despite these benefits, linear regulators have certain limitations that restrict their range of 

applications: 

• Limited to Step-Down Regulation: Linear regulators can only perform step-down 

regulation. 

• Requirement of Off-Line Components: In off-line applications, a transformer with 

rectification and filtering must be placed before using linear regulators. 

• Single Output per Regulator: Each linear regulator is capable of providing only one output. 
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• Low Efficiency: Normal applications of linear regulators yield efficiencies of only 30 to 

60%, leading to significant power loss and bulkiness in high-power applications. 

Because of this, linear regulators tend to get bulky at power applications. 

II.4.2. Choppers  

Switching supplies, such as choppers or switching DC converters, offer greater versatility 

compared to linear regulators, making them suitable for a broader array of applications. The 

primary functions of choppers or switching DC converters include: 

• Voltage levels changing. 

• Galvanic disconnection of electronic circuits providing. 

• Output voltage stabilizing. 

Choppers overcome many of the limitations of linear regulators: 

- Achieving efficiencies between 65 to 90%, irrespective of output voltage, reducing the need for 

large heat sinks. 

- Operating at high frequencies, resulting in smaller magnetic and capacitive elements for energy 

storage, making switching supplies more cost-effective compared to linear regulators. 

- Enabling the output voltage to vary above and below the input voltage level. 

- By converting input voltage into an AC waveform and utilizing magnetic elements, choppers can 

provide multiple output voltages, enhancing their versatility. 

The drawbacks of switching converters are relatively insignificant: 

• Increased complexity 

• Significant generation of noise on both their output and input, which is emitted into the 

environment 

• Considerable delay in their transient response time when reacting to load changes due to 

the time-limited pulses of energy 
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The fundamental topologies of converters are step-down and step-up. The fundamental modes 

of operation that form the basis of all choppers are forward-mode operation (buck) and fly back-

mode operation (boost). Both modes consist of four functional components namely; a power 

switch, a rectifier (catch diode), an inductor, a capacitor. Therefore, in this project our focus is on 

step up choppers in particular boost converters [27]. 

II.5. DC-DC Boost converter 

Step-up converters typically produce output voltages higher than the input voltage. 

However, by modifying the chopper commutation, higher load voltages can be achieved.  

   

Fig II.4. A simple circuit of the DC-DC booster 

• The fly-back operation can be divided into two periods: 

1. Switch-On Period: When the power switch is on, current flows through the inductor, storing 

energy within its coil material. The inductor current increases almost linearly during this phase. 

2. Switch-Off Period: Once the switch turns off, the inductor current cannot change 

instantaneously, forcing it to flow through the diode and the load. As a result, the inductor's voltage 

reverses (flies back), causing the diode to turn on and transfer the inductor's energy into the 

capacitor. Consequently, the inductor current decreases. This cycle repeats until the energy of the 

inductor is depleted. 

Since the inductor voltage flies back above the input voltage, the voltage of the capacitor 

becomes higher than the input voltage. When the capacitor voltage reaches the desired level, the 

switch turns on again. As the capacitor cannot discharge via the switch (due to the reverse-biased 

diode), a stable voltage typically twice the UIN or more can be obtained. 

Mathematically, the output voltage can be expressed as:   
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 Ve = (1-α) * Vs                     (II.3) 

Where (α) represents the duty cycle, and for a variation of α in the range (0 < α < 1), the 

output voltage varies in the range (Ve < Vs <+∞). This circuit is particularly advantageous when 

operating on low-voltage supplies and can lead to very cost-effective converter designs [28]. 

 

II.5.1 Modeling of a DC-DC booster 

    

Fig II.5. A detailed circuit of DC-DC booster in MATLAB 

• First interval: 0< t<αT 

       

Fig II.6. The first interval circuit (charge) 

From the Kirchoff’s voltage law we have:   Ve – VL = 0 
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𝑆𝑜      𝑉𝑒= L  
d IL(t)

dt
  è  IL(t) = 

Ve

L
 ∫ dt

t

0
 = 

Ve

L
t+ Cste 

Introducing limits,  

IL(0) = 0 + Cste = Cste = ILmin          (II.4) 

    

IL(αT) = 
Ve

L
 αT + ILmin = ILmax             (II.5) 

We then have       ΔIL= ILmax - ILmin = 
Ve

L
αT +  ILmin - ILmin 

       Therefore    ΔIL= 
Ve

L
αT              (II.6) 

• Second interval: αT<t<T 

      

Fig II.7. The second interval circuit (discharge) 

Therefore, from Kirchoff’s voltage law we have:   Ve – VL - Vs = 0 

So       Ve - Vs = L 
dIL(t)

dt
  è  IL(t) = 

Ve−Vs

L
 ∫ dt

t

αT
 =  

Ve−Vs

L
 (t-αT) + Cste 

Introducing limits, 
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 IL(αT) = 0 + Cste = Cste = ILmax                          (II.7)  

  IL(T) =   
Ve−Vs

L
 (T-αT) + ILmax =  ILmin                (II.8)     

Therefore ΔIL = ILmax - ILmin = ILmax - ILmax + 
Vs−Ve

L
(T-αT) 

                 ΔIL = 
Vs−Ve

L
(T-αT)             (II.9) 

❖ Now to get the relation between the input voltage and the output voltage, (II.5) = (II.8) 

Vs=
Ve 

(1−α)
          (II.10) 

• Ideally in all statics power converters, there is no loss in power  

So      Pe = Ps = P 

Then   V I =   Ve Ie = Vs Is   è    
Ve 

vs 
  = 

Is 

Ie 
 

Therefore     Ie = 
Is 

1−α 
                       (II.11) 

In most cases, the filtering inductor value L is selected to keep the current ripple below a 

certain limit  ILmax. Thus, the inductor value can be calculated as  

Lmin = 
𝑉𝑒

 ΔIL .𝑓
 (α)²            (II.12) 

In the boost converter, the current is delivered to the output RC circuit only when diode α 

is conducting. Thus, this current is discontinuous which implies a large filter capacitor requirement 

to limit the output voltage ripple. The filter capacitor must provide the output dc current to the load 

when the diode α is not conducting. The minimum value of the filter capacitance that results in the 

voltage ripple ΔVs is given by; [25] 

Cmin =
𝑉𝑒

 ΔVs .8.𝐿 .𝑓²
(α)²            (II.13) 

II.6. Boost regulators 

The described circuit is a step-up or boost regulator, depicted in Figure II.8a, which 

operates similarly to a fly-back regulator but includes feedback. This configuration enables the 
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output voltage to exceed the input supply voltage. Such regulators find applications in power 

supplies, active filters, and reactive power compensators [29]. 

 

Fig II.8. Boost regulator circuit 

The output voltage depends on the relative duty cycle of the switch, as depicted in Figure 

II.8b. However, it's important to note that the boost regulator may have poor ability to prevent 

hazardous transients or failures within the supply. To address this, transformer isolation is used to 

significantly enhance the regulator's performance and safety. 

In a nutshell, a DC/DC converter tasked with generating a voltage higher than the supply 

voltage needs to store energy in the input reactive element (usually an inductor) and subsequently 

transfer it to the output reactive element (typically a capacitor), but at different time intervals. This 

control over the energy transfer is achieved by adjusting the duty cycle, either with or without 

feedback mechanisms. 

 

II.7. Inverters  

Inversion is the process of converting DC voltage into AC voltage, performed by a device 

called an inverter. It utilizes semiconductor devices like transistors and thyristors such as SCR and 

GTO to regulate the frequency of the AC output voltage. The DC input voltage can come from a 

rectified output of an AC power supply or an independent source like a battery. The inverter's 

output frequency is adjustable by controlling the switching frequency of its devices, typically 

α 
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through a clock oscillator. However, achieving pure sinusoidal waveforms is complex and costly 

due to the presence of harmonic content in the AC output. [27] 

Therefore, there are two methods used to reduce harmonic content: 

- Utilizing a filter circuit on the inverter's output, though it must manage high power output. 

- Employing a modulation strategy to alter the output voltage's harmonic content, potentially 

minimizing or eliminating the need for filtering depending on the amplification type. 

 

• Inverters can be classified depending on the various ways as follows: 

II.7.1. Classification as per the way of input source 

In power electronics, inverters are classified as current source inverters (CSIs) and voltage 

source inverters (VSIs). CSIs generate a constant current output by controlling the input current, 

making them suitable for applications requiring a stable current. VSIs generate a stable voltage 

output by controlling the input voltage, and are widely used where a stable voltage supply is 

essential. Both types are crucial in different applications, offering unique advantages based on 

specific system requirements. 

Voltage source inverters generate voltage with specific characteristics like magnitude, 

frequency, and phase. VSIs are widely used due to their versatility, providing a stable output similar 

to a voltage source, featuring low internal impedance and utilizing capacitors for voltage stability, 

while both types of inverters are crucial, voltage source inverters (VSIs) offer particular advantages 

due to their stable voltage output and low internal impedance, making them suitable for 

applications where maintaining voltage stability is crucial, such as in renewable energy systems or 

motor drives [29]. 
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Fig II.9. Output current and voltage in voltage source 

Another aspect to consider is that the switches must be created using fully controllable 

devices such as transistors, thyristors, GTOs or MCTs along with free diodes. The output current 

of VSI is modulated based on both the voltage value and the load resistance. However, there are 

options to adjust the output voltage of the inverter. One common method involves changing the 

DC input voltage provided to the inverter, which subsequently affects the output voltage. This 

modification occurs externally to the inverter and acts independently of its function. Alternatively, 

the inverter can internally modulate the AC voltage to achieve voltage variation. 

II.7.2. Classification as per the waveform of the output voltage 

Inverters can be classified by their output voltage waveform into three main types: square-

wave, modified sine wave, and pure sine wave inverters. Modified sine wave inverters produce a 

waveform that approximates a square wave with some smoothing, reducing distortion. Pure sine 

wave inverters deliver a smooth, continuous sine wave similar to utility power, essential for 

sensitive electronics.  

Square-wave inverters generate a simple alternating waveform with two fixed levels, +V 

and -V, making them cost-effective but prone to high harmonic distortion. While economical and 

straightforward, square-wave inverters generate high harmonic content and are less suitable for 

sensitive applications, making them ideal only for basic uses where cost is a primary concern [29]. 

II.7.3. Classification as per the association 

Inverters can be categorized by their association with the power grid into two main types: 

offline inverters and online inverters. Online inverters, or grid-connected inverters, synchronize 

their output with the grid's voltage and frequency, making them suitable for grid-tied solar power 

systems where excess energy can be fed back into the grid.  
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Standalone inverters, also known as autonomous inverters, operate independently of the 

grid, generating AC power directly from DC sources like batteries or solar panels. They are 

commonly used in standalone systems such as off-grid solar power setups or uninterruptible power 

supplies (UPS). Offline inverters are essential for providing reliable power in locations without 

grid access, ensuring energy independence and continuous power availability [30]. 

II.7.4. Classification as per its phases  

Inverters can be classified based on their internal design into three main types: single-

phase, three-phase, and multilevel inverters. Three-phase inverters convert DC power into three-

phase AC power using six switches arranged in a bridge configuration. They are crucial for 

industrial and commercial applications requiring three-phase power, like motor drives and grid-

tied inverters for electrical distribution. Multilevel inverters, comprising two or more distinct 

voltage levels, offer a stepped approximation of a sine wave by utilizing multiple voltage levels. 

This approach provides several advantages over traditional two-level inverters, which produce a 

basic square wave output. 

Single-phase inverters, on the other hand, are power electronic devices that convert DC 

power into single-phase AC power using a pair of switches. They are commonly utilized in small-

scale applications such as residential solar photovoltaic systems or small wind turbines, providing 

a straightforward solution for converting DC power into single-phase AC power [29].  

 

Fig II.10. A single-phase inverter circuit 

 

II.7.5. Classification based on Internal Design 

Inverters can also be classified based on their internal design into different configurations, 

such as half-bridge and full-bridge inverters. A half-bridge inverter utilizes two switches connected 

in series with the load, forming a simpler and more cost-effective design suitable for low to 



Chapter II                       Power Converters for Photovoltaic Water Pumping Systems 

34 
 

medium power applications. Its basic operation involves switching the two switches alternately to 

generate an AC output waveform. While effective for certain applications, it may not provide bi-

directional current flow. 

In contrast, a full-bridge inverter employs four switches arranged in a bridge configuration, 

allowing for bi-directional current flow. This complexity makes it suitable for high-power 

applications or those requiring features like regenerative braking, as seen in electric vehicles. The 

full-bridge configuration provides advantages over half-bridge inverters, such as increased power 

handling capability and flexibility in current flow direction [29].  

         

Fig II.11.  A full bridge inverter circuit 

II.8. Mode of operation of a full-bridge inverter  

Different techniques for controlling electrical inverters can be classified in various ways 

namely symmetrical control (block control), asymmetrical control and Pulse Width Modulation 

(PWM). 

 

Fig II.12. Structure of a single-phase inverter 
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II.8.1. Symmetrical control 

This command consists of controlling the switches of a single-phase inverter H1 and H3 

on closing for a half-period then controlling H2 and H4 during the second half-period. So, each 

switch is closed for half the period. The states of switches H1 and H4, H2 and H3 must be 

complementary to avoid short-circuiting the voltage source. 

 

Fig II.13. Output waveforms for symmetrical control 

      

Fig II.14. Output voltage spectrum for symmetrical control 
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The voltage spectrum in fig II.14 shows that with symmetrical control, the output voltage 

is rich in harmonics (ripples). Indeed, the voltage uc(t) is an odd slot function, its decomposition 

only contains sine terms and only presents odd harmonics: 

𝑢𝑐=∑  
4𝐸

(2𝑘+1)𝜋
𝑠𝑖𝑛 (2𝑘 + 1)𝜔𝑡∞

𝑘=0         (II.14) 

* This type of command is the simplest to implement. On the other hand, the output voltage is very 

rich in low order harmonics (low frequency) which makes filtering difficult. 

* Since the current is not sinusoidal, it is rich in harmonics (of the same frequencies as the tension). 

* Full-wave control (block/symmetrical control) imposes a fixed RMS (root mean square) value 

on the load (UC= E). Its adjustment is possible only by adjusting the voltage E (through a chopper, 

controlled rectifier) 

II.8.2. Asymmetrical control  

Also known as shift control, this command allows you to modify the characteristics of the 

output voltage, in particular the RMS value of its fundamental, without having to intervene at the 

level of the supply voltage E. The command intervals remain equal to half a period but are shifted 

as shown below in figure II.15. 

To do this, we simply shift the switch control by an angle t (shift angle). 
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Fig II.15. Output waveforms for asymmetrical control 

   

Fig II.16. Output voltage spectrum for asymmetrical control 

Observation of the spectrum shows that the shift control inverter presents a more favorable 

spectrum than that with symmetrical control. Indeed, the Fourier series decomposition of the 

output voltage is written: 

v(t)= 
4𝐸

𝜋
 × ∑  [

1

2𝑘+1
𝑐𝑜𝑠((2𝑘 + 1). 𝛽) . 𝑠𝑖𝑛 ((2𝑘 + 1). 𝜔𝑡∞

𝑘=0 )      (II.15) 
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Where: β = τ 

We see that we can eliminate certain harmonics by a judicious choice of β. To do this, it is 

enough to choose the value of β which cancels the chosen harmonic k, which is verified by;                                  

cos ((2k + 1) β) = 0 

Example: to eliminate harmonic 3: k =1, so cos3β =0 which is verified by 3β=π/2. Therefore, we get 

β=π/6 

• The root mean square (RMS) voltage: 

If we plot u2 (t), we get; 

     U² = 
𝐸2(

𝑇

2
−𝜏)

𝑇

2

          which gives:       U = E√1 − 
2𝜏

𝑇
                  (II.16) 

By varying τ we can vary the RMS value of the voltage supplied by the inverter. 

 

Fig II.17. The charge current 

The mean value of the current is: 

<i> = 
𝐼√2

𝜋
 (cos (τ) – cos (θ-τ))        (II.17) 

The power provided by the source is: 

   P = E<i> = 
𝐸𝐼√2

𝜋
 (cos (τ) - cos (θ-τ))                          (II.18) 
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Note: the two types of command that we have seen so far have a common character: each 

semiconductor branch is only activated once per period (period of the output voltage = that of the 

commanding branch). For this, we sometimes call these methods fundamental pulsation control. 

 

II.8.3. The Pulse Width Modulation (PWM) technique 

The main purpose of this technique is to adjust the frequency and RMS value of the output 

voltage and to push unwanted harmonics towards high frequencies, their amplitudes then 

becoming negligible. This control is more complex, it is a symmetrical command presenting a 

large number of switching by period with openings and closings of switches of modulated 

durations (variable widths). 

 

Its principle is based on obtaining the switching times of the switches by comparing two 

signals: 

- a triangular signal Vt of high frequency fp (switching frequency) 

- a sinusoidal reference signal Vref of variable amplitude and frequency f1. 

These two signals are compared. The result of the comparison is used to control the opening and 

closing of the switches. 

If Vref>Vt, α =1; If Vref<Vt, α =0 

Therefore: (H1 and H3) are controlled by the signal α and (H2 and H4) are controlled by the inverse 

of the signal α. 
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Fig II.18. PWM signal generation 

 

Fig II.19. Spectrum of the output voltage 

Spectrum analysis shows that PWM control pushes harmonics towards high frequencies 

(around the switching frequency fp) which facilitates filtering of the output voltage. This 

command, which makes it possible to obtain a fundamental variable in amplitude and frequency, 

is very much used in drives for asynchronous machines. 

II.9. Conclusion 

As we conclude our exploration into the field of power electronic converters, we emerge 

with a deeper understanding of their intricacies and functionalities. Through meticulous 

examination, we have dissected the DC-DC booster, elucidating its various types, modeling 

techniques and the intricacies of control utilizing advanced microcontrollers and switching 

methodologies. Similarly, our journey led us to unravel the complexities of inverters, unveiling 
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their diverse typologies, modeling intricacies, and the art of control through Pulse Width 

Modulation (PWM). In this voyage of discovery, we have not only acquired theoretical knowledge 

but also gained practical insights into the real-world application of these converters, particularly 

in our quest to power a fountain pump. As we draw the curtains on this chapter, we stand poised 

at the threshold of implementation, armed with the knowledge and tools to engineer solutions that 

transcend mere functionality. Our journey continues, fueled by the promise of innovation and the 

relentless pursuit of excellence in the field of power electronics. 
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III.1 Introduction  

   In this chapter, we present a comprehensive overview of our photovoltaic water pumping 

system (PVWPS). We will delve into the core components, including the DC-DC boost converter, 

power supply electronic card, along with the control card that orchestrates the booster’s operation. 

This chapter will detail the design and implementation of the electronic card we developed, 

highlighting its integration into the overall system. Additionally, we will explore the system 

elements such as solar panels, MPPT controller, batteries, conversion systems, and the load, 

demonstrating how each component contributes to the efficient functioning of our PVWPS. By 

examining these elements, we aim to provide a clear understanding of the system’s architecture 

and its operational dynamics. 

 

III.2 System layout and description  

Our Photovoltaic Water Pumping System seamlessly integrates a set of batteries and a DC-

DC boost converter, leveraging a 30V output from the PV panels, we efficiently transform it into 

different values of amplified DC voltage. This voltage powers our motor pump, ensuring smooth 

and sustainable fountain operation, all powered by solar energy. 

Below is figure III.1 showing the system architecture, figure III.2 showing a picture of the project 

site and figure III.2 showing a picture of the project site. 

 

 

Fig III.1. System architecture 
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Fig III.2. A picture of the project site 

 

Fig III.3. A picture of the interior of the electrical cabinet 

III.3 Design and implementation of the electronic cards 

To generate the variable DC voltage that we need to run our fountain, we designed a set of 

electronic cards to facilitate our objective. These included a power supply, a DC-DC booster and 

its control circuit card. We designed these cards using a professional software called Altium 

Designer. Altium Designer is a PCB and electronic design automation software package for printed 

circuit boards. It allows engineers to design and customize their own circuit boards. 
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Fig III.4. A photo of all the electronic cards 

III.4. The design and implementation of the power supply  

 This electronic card includes capacitors for filtering the different level of voltages.  It also 

comprises of voltage regulators namely; 7815, 7805 which output 15V and 5V respectively. Their 

datasheets are shown in figure A4 and A5 of the appendix. From the 30V battery supply, this whole 

setup generates a power supply for the microcontroller of 5V and the boost converter of 15V. 

Below is the schematic diagram of the power supply card in Altium Designer. 

 

Fig III.5. Schematic diagram of the power supply card in Altium Designer 
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After constructing the circuit, we simulated it in Proteus 8 professional software and we 

obtained the following results from the oscilloscope for the 15V output and 5V output. Each 

division vertically represents 5V. 

 

Fig III.6. Output values for the power supply circuit simulation 

From there, we continued to design the PCB of the power supply in Altium Designer and 

it is depicted in the figure III.7a & b below. 

 

Fig.III.7a. The 2D layout of the power supply PCB 
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Fig.III.7b. The 3D layout of the power supply PCB 

After printing out the circuit board and mounting the necessary components, the power 

supply electronic card is depicted in fig III.8 below. 

 

Fig III.8. The printed circuit board of the power supply 
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We ran laboratory tests on our power supply electronic card for verification and it 

successfully provided +15V and +5V which we used in our system. The figure III.9 below shows 

our results. The yellow channel represents the 15V graph and each vertical division is 5V. The blue 

channel represents the 5V graph and each vertical division is 2V. 

 

Fig III.9. The output voltage waveforms of the power supply 

III.5. Design and implementation the DC-DC booster converter 

 In suite of our goal to obtain sustainable voltage values to power the motor-pump set, we 

meticulously designed and constructed the DC-DC boost converter, which had for parts, an 

electronic control card and the booster electronic card itself. 

III.5.1. Design and implementation the booster card controller 

To control the DC-DC boost, we used a PIC16F887 microcontroller to generate three duty 

cycles using the input and output values of the booster. With our input being 30V, we used three 

duty cycles of 80%, 83% and 86% to get a varying DC output of 150V, 180V and 230V so as to 

have different water heads for out fountain pump. We used the MicroC software to program the 

microcontroller. We chose the PIC16F887 microcontroller for its abundant I/O ports, integrated 

analog features, and PWM capabilities, ensuring precise control and efficient operation of the 
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boost converter coupled with its ready availability. The datasheet of the microcontroller is in figure 

A11 of the appendix. Below is the schematic diagram of the booster control card in Altium 

Designer (fig III.10). We also included a control section for an inverter, which we aim to construct 

as part of the future prospects of this project. 

 

Fig III.10. Schematic diagram of the booster control card 

 

We then simulated the above schematic in Proteus-8 Professional and obtained the 

following output duty cycle (α) signals indicated in following fig III.11. 
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Fig III.11. Simulated output signals of the boost controller 

 

Then next we generated and designed the PCB from the above schematic and it’s depicted 

in figure III.12a and b below.  

 

Fig.III.12a. The 2D layout of the Booster controller  PCB 
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Fig.III.12b. The 3D layout of the Booster controller  PCB 

Below is the fully designed electronic control card for the DC-DC booster. 

 

Fig III.13. The printed booster control card 
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On testing the control card in the laboratory, we obtained the following curves in figures 

III.14a, b & c from the oscilloscope indicating the three different duty cycles generated from the 

boost control card. The blue signal is the signal directly from the PIC16F887 and the yellow one 

is captured at the output of the driver IR2110 after calibration. We notice that the one at the output 

of the driver is amplified which is one of the roles of the mosfet driver IR2110. 

 

Fig.III.14a. Duty cycle signal of 86% 

 

Fig.III.14b. Duty cycle signal of 83%. 
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Fig.III.14c. Duty cycle signal of 80%. 

III.5.2. Design and implementation of the DC-DC Booster electronic card 

We constructed a DC-DC booster using Altium Designer. Figure III.15 shows a schematic 

diagram of our boost converter in Altium designer software. 

 

Fig III.15. Schematic diagram of the DC-DC Boost converter 
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The schematic is made up of three sections namely; detection, control and power section. 

It is strategically organized in sections for electrical protection and to make trouble shooting easier 

in case of a faulty component. 

• The detection section  

Among the components in this section, are two voltage sensors namely LV-25P. These provide 

measurement of the input and output voltages of the booster which are used to calculate the duty 

cycle, α as explained in the previous chapter. They also provide galvanic isolation of the 

microcontroller. Another important component is the AD704AN which is used to regulate the 

measured voltage values before being injected into the microcontroller. The datasheets of these 

components are attached in the appendix in figure A10 and figure A8 respectively. 

• The control section 

The control section receives the generated duty cycle(signal) from the microcontroller. It is 

comprised of treatment and protection components among which are two optocouplers and an 

IR2110 driver. The optocouplers are used for electrical isolation and protection of the 

microcontroller Their data sheet is represented in figure A2 and A3 of the appendix. The IR2110 

amplifies and calibrates the signal so as to attack the transistors. It also calculates the dead time 

between the commutation of the two transistors on the same branch to avoid a short circuit. The 

driver’s datasheet is provided in figure A6 of the appendix.  

• The power section 

Our DC-DC converter is universal therefore we designed it as a buck-boost converter although 

in our application we strictly use it as a boost converter. It’s for this reason we used two transistors 

instead of a single transistor and a diode. The SKM 100GB123D IGBT branch we used has its 

datasheet represented in figure A1 of the appendix. We used an inductor coil of 330μH and a 

filtering capacitor of 3.4μF. 

 We then simulated the DC-DC booster schematic in MATLAB Simulink and we obtain the 

following graph in figure III.16. At 86% duty cycle we obtained a 230V DC output as shown in 

the figure below.  
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Fig. III.16. Simulation output voltage curve for the DC  

A minimal number of ripples is observed in the waveform of output voltage above. This 

relative ripple is of 5.6% of the mean output voltage value. The figure III.16 below shows a 

magnified voltage waveform depicting the ripples in the voltage. 

 

Fig III.17. Ripples in the DC-DC booster output voltage. 
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From the above schematic in fig III.15, we designed a PCB circuit using each component’s 

footprint which is shown in fig III.18a & b below. 

 

Fig III.18a. 2D PCB design of the DC-DC booster 

 

Fig III.18b. 3D PCB design of the DC-DC booster 
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 Below is the final printed circuit board of our DC-DC boost in figure III.19. 

 

Fig III.19. The printed circuit board of the DC-DC booster  

We equally ran lab tests on our DC-DC booster and the respective output voltages with the 

different duty cycles were obtained as shown in fig III.20a, b & c below. Each division is 10 x 10V.  

 

Fig III.20a. 230V output voltage curve of the DC-DC booster. 
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Fig III.20b. 180V output voltage curve of the DC-DC booster. 

 

Fig III.20c. 150V output voltage curve of the DC-DC booster. 

Figure III.21 below shows the whole laboratory set-up while we ran tests of the designed cards. 
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Fig III.21.  Laboratory set-up showing designed components 

III.6. The overall system 

 After having designed the electronic power converter plus its support electronic cards, we 

now feed them back into our global system so as to attain our main goal of powering the water 

fountain from a 30V source of the solar panels. In so doing, we shall give a detailed description of 

the rest of our project components. 

 

Fig III.22. The overall system 

III.6.1. Solar panels 

We used a 4P configuration of solar panels that is, 4 panels in parallel. Each solar panel has 

a maximum output power output of 315W, maximum current output of 9.49A and maximum 

voltage output of 33.2V   
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Table 1: The characteristics of one PV module 

Maximum power 315W 

Power tolerance 0 ⁓ +3% 

Maximum power voltage (Vmp) 33.2V 

Maximum power current (Imp) 9.49A 

Open circuit voltage (Voc) 40.7V 

Short circuit current (Isc) 10.04A 

Operating Temperature -40 ⁓ +80⁰C 

 

III.6.2. MPPT controller 

We used an Epever Tracer4210AN rated 40A/100V maximum output. This controller is 

internally configured as showed in figure III.23. There is a buck or boost converter configuration 

in between every two elements i.e. solar panel, batteries and load depending on the voltage values 

needed. 

 

Fig III.23.  MPPT controller electrical configuration 

The controller receives 30V DC from the solar panels from which it charges our battery setup at 

30V and provides a 30V load supply to the DC-DC boost converter. 
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Fig III.24. Epever MPPT controller 

III.6.3. Batteries 

We used two lithium batteries in series. Each battery has a voltage of 15V which equals to 

a total of 30V. These batteries assume the role of powering the load when there’s low energy values 

from the solar panels hence providing reliability of power to the load. 

 

Fig III.25. Set of lithium batteries used in this project 

From the steady 30V DC at the output of the MPPT controller we generated an interval of 

150V - 230V DC. To do that, we used a DC-DC boost converter which we designed as explained 



Chapter III                                                   Design and Implementation of the PVWPS  

61 
 

above in III.5. Design and implementation the DC-DC booster converter. At this stage we are 

ready to power the water pump that supplies our fountain. 

III.6.4. Fountain pump 

For the motor-pump set, we found application in the Lucas-Nuelle Lehr DC motor rated 

0.2KW and 220-240V power supply coupled with a single turbine centrifugal pump, with a 

maximum water head of 40m which is more than enough for our fountain.  

Table 2: Characteristic properties of the motor-pump 

Nominal current (In) 1.2 A 

Voltage input 220 – 240V 

Power output 0.2KW 

Motor speed 2000 rpm 

Flow rate 5 – 35 liter/min 

Temperature 40 ⁰C 

Hmin 5m 

Hmax 40m 

 

Figure III.26 below shows the fully functional water fountain at the faculty of technology UMBB 
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Fig III.26. The water fountain at the Project site 

III.7. Conclusion 

In conclusion, this chapter has provided a thorough exploration of our PVWPS, 

highlighting the integration and functionality of key components like the boost converter and its 

support electronic cards. We have demonstrated how these elements work together under the 

management of the control card to achieve efficient energy conversion and system stability. The 

detailed insights into our system's architecture and operational principles underscore our project's 

innovative approach to sustainable water pumping solutions, displaying its potential to address 

real-world challenges effectively. 
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GENERAL CONCLUSION 

 

In this thesis, we have designed and implemented a Photovoltaic Water Pumping System 

(PVWPS) intended to supply a fountain at the Faculty of Technology of UMBB. This 

comprehensive endeavor began with an exploration of the general principles of PVWPS, where 

we delved into their definitions, types, and installation procedures, among other relevant topics. 

Our initial focus was on understanding the broader aspects of PVWPS to lay a solid 

foundation for the project. We then concentrated on the power converters and their modeling, with 

a particular emphasis on DC-DC converters, specifically choppers in boost mode. This choice was 

driven by the necessity of using a boost converter in our project to step up the voltage from the 

photovoltaic panels. 

The third and final chapter detailed the design and implementation of the PVWPS for our 

faculty's fountain. The system primarily consists of a DC-DC boost converter and its control card. 

This boost converter steps up the 30 V from the solar panels to three different voltage levels, 

corresponding to three distinct water head heights of the fountain, thus demonstrating the system's 

versatility and efficiency. 

Looking ahead, we envisage several enhancements to this project. One of our primary goals 

is to design and integrate a single-phase inverter alongside the DC-DC boost converter. This 

integration will enable the system to run an induction motor, which is generally more efficient and 

reliable than a DC motor for such applications. 

For future researchers and developers aiming to build upon this project, there are several 

valuable directions to consider. First, incorporating mobile orientation for the solar panels to track 

the sun's position throughout the day could significantly improve the photovoltaic power output. 

This dynamic adjustment would optimize the panels' exposure to sunlight, thereby enhancing the 

system's overall efficiency. 

Additionally, a thorough re-evaluation and improvement of the hydraulic system's design 

and dimensioning would be beneficial. This includes optimizing the number of turbines and the 

length of the motor section to maximize the water pump's output power. Such refinements would 
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not only improve the system's performance but also ensure its long-term sustainability and 

reliability. 

In conclusion, this thesis has successfully demonstrated the feasibility and practicality of 

using a PVWPS to supply a water fountain. Through meticulous design and implementation, we 

have created a system that not only meets the current needs but also offers a clear pathway for 

future improvements. The proposed enhancements, if implemented, will further elevate the 

system's efficiency and broaden its applicability, paving the way for more advanced and 

sustainable water pumping solutions. 
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Figure A1: 1st page of the data sheet of the IGBT branch 
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Figure A2: 1st page of the data sheet of the opto-coupler 
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Figure A3: 2nd  page of the data sheet of the opto-coupler 
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Figure A4: Data sheet of the 7805 voltage regulator  

 

 

Figure A5: Data sheet of the 7815 voltage regulator 
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Figure A6: 1st page of the data sheet of the IR2110 



 

73 
 

 

Figure A7: 2nd  page of the data sheet of the IR2110 
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Figure A8: 1st page of the data sheet of the Operational amplifier AD704  
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Figure A9: 2nd  page of the data sheet of the Operational amplifier AD704  
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Figure A10: Data sheet of the voltage sensor 
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Figure A11: Data sheet of the PIC16F887 microcontroller  

 


