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Abstract: The design, installation, and performance assessment of a hybrid renewable energy water pumping system that 
incorporates solar photovoltaic panels, wind turbines, and an energy storage unit are presented in this study. By integrating 
solar and wind energy sources with a charge controller and battery storage, the system is designed to solve the intermittency and 
variability issues that these sources provide. This ensures a consistent and dependable water supply that is appropriate for 
remote and off-grid settings. A vertical-axis wind turbine and solar panels are used in the proposed water pumping system to 
capture natural energy, which is then stored in a 12V battery under the supervision of a specially made charge controller. A DC 
water pump designed for domestic water supply and irrigation is powered by the stored energy. The system's ability to provide 
steady water flow and effective energy management is demonstrated by experimental prototype testing conducted in a variety of 
weather conditions. By lowering reliance on traditional power grids and fossil fuels, the hybrid system exhibits better operational 
efficiency, increased dependability, and environmental sustainability as compared to single-source renewable pumping 
alternatives. In addition to lowering greenhouse gas emissions and fostering energy independence, this work emphasizes the 
potential of combining several renewable energy sources with energy storage for sustainable water resource management in 
rural and developing regions. 
Keywords: Renewable Energy, Solar Photovoltaic (PV), Wind Turbine, Energy Storage, Hybrid Energy System Water Pumping 
System, Charge Controller, DC Water Pump, Off-grid Power Supply Sustainable Water Management, Energy Efficiency, 
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I.   INTRODUCTION 

In many rural and off-grid regions around the world, water scarcity and unstable power access are major problems. Traditional 
water pumping systems rely heavily on grid electricity or fossil fuels, which often are costly, environmentally harmful, and 
unavailable in remote locations. To address these challenges, renewable energy technologies such as solar photovoltaic (PV) panels 
and wind turbines have emerged as sustainable alternatives. However, the intermittent nature of solar and wind energy sources 
limits their standalone application in critical water supply systems. 
Water scarcity and unstable power access are major issues in many rural and off-grid communities around the world. Conventional 
water pumping systems mostly rely on fossil fuels or grid electricity, which are frequently expensive, detrimental to the 
environment, and unavailable in remote areas. Renewable energy technologies like wind turbines and solar photovoltaic (PV) panels 
have become viable solutions to these problems. However, solar and wind energy sources' sporadic nature restricts their use on their 
own in vital water delivery systems. 
The design and implementation of a hybrid renewable energy-based water pumping system that combines solar and wind power with 
an energy storage technology is the main goal of this project. The system attempts to provide a dependable, effective, and eco-
friendly water supply even in the face of unpredictable weather by integrating several energy sources and storing excess energy in 
batteries. In addition to improving water accessibility and lowering reliance on non-renewable energy sources and greenhouse gas 
emissions, the system drives a water pump for home and agricultural uses. 
Compared to single-source systems, the hybrid system maximizes energy availability and minimizes downtime by utilizing the 
complementing qualities of solar and wind energy. It ensures optimal pump performance by controlling energy flow and battery 
charging with a specially built charge controller. This environmentally friendly water pumping device has the potential to help 
mitigate climate change, encourage energy independence, and boost rural electrification. 
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II.   LITERATURE REVIEW 
Previous research has extensively explored the use of solar photovoltaic and wind energy for water pumping applications, 
recognizing their potential to provide sustainable power in off-grid rural areas. Solar-only systems, while widely adopted, face 
performance limitations during low irradiance conditions, motivating the integration of wind turbines to form hybrid renewable 
energy systems (HRES). Studies have demonstrated that combining vertical axis wind turbines with solar arrays improves energy 
availability, though challenges remain in effective energy management and storage. 
In order to improve system dependability and pump operational stability, charge controller design and battery storage integration are 
essential. Energy collection and distribution have been optimized through the use of sophisticated control algorithms including fuzzy 
logic and MPPT. Nevertheless, a lot of current systems are unable to adjust to changing weather patterns and load demands, which 
results in inefficiencies and increased expenses. 
By creating a hybrid solar-wind water pumping system with a unique charge controller and energy storage technology, this project 
expands on previous research. Compared to single-source and less integrated alternatives, the system seeks to offer a reliable supply 
of water, better energy use, and less environmental effect. 
Water access issues are greatly aided by renewable energy water pumping devices, particularly in isolated and off-grid locations 
without dependable electrical infrastructure. These systems provide a sustainable and eco-friendly substitute for diesel or grid-
dependent pumping techniques by using locally accessible renewable resources like sunlight and wind to power water pumps. 
One of the main benefits is that renewable water pumps are ideal for home water supply, livestock, and agricultural in many rural 
areas where traditional power grids cannot reach due to the abundance of solar and wind energy. For instance, because sunshine 
availability and irrigation requirements are naturally correlated, solar photovoltaic (PV) water pumping has emerged as an affordable, 
low-maintenance alternative that directly corresponds with patterns of water consumption. These systems help mitigate climate 
change by lowering operational costs, reducing reliance on fossil fuels, and eliminating greenhouse gas emissions. 
Significant socioeconomic advantages also result from the deployment of renewable energy pumps: increased water reliability boosts 
agricultural output, boosts local economies, and lessens the workload for women and children who frequently spend hours manually 
getting water. Even with all of its advantages, there are still issues like high initial prices, obstacles to technical expertise, and 
infrastructure constraints. Global adoption rates are rising, nevertheless, because to supporting regulations and continuous technology 
developments. 
 

III.   METHODOLOGY 
A. System Design and Components 
The core of the renewable energy water pumping system consists of several key hardware components, each serving a specific 
function to ensure efficient and sustainable operation. 
1) Solar Photovoltaic (PV) Panels:  
The main energy source is the solar PV panels, which directly transform sunshine into electrical power. Depending on the water 
demand and pump size, these panels usually have power ratings ranging from 200 Watts peak (Wp) to several kilowatts. To maximize 
sun exposure, the panels are installed on frames made of galvanized metal with manual tracking capabilities. For mono-block pumps, 
the solar array's nominal voltage is usually 60V DC; for higher power systems, it can reach 90V. To guarantee longevity and reliable 
functioning, premium PV modules with efficiencies above 18% and adherence to international and BIS requirements are favored. 
2) Wind Turbine (Vertical Axis): 
Complementing solar power, the vertical axis wind turbine (VAWT) provides electrical energy by harnessing wind from any 
direction, making it suitable for varied terrains. Rated for 1 kW to 3 kW in small-scale applications, the turbine boosts energy 
availability during low sun periods and variable weather conditions. It is designed robustly for minimal maintenance and optimized 
for moderate to high wind speeds. 
3) Energy Storage – Battery Bank: 
The battery bank stores extra electrical energy produced by solar and wind sources. It typically consists of deep-cycle lithium-ion or 
lead-acid batteries. During times when there isn't enough wind or solar radiation, this storage guarantees power availability for water 
pumping. The battery system, which normally lasts 24 to 48 hours, is sized based on the anticipated load and autonomy needs. To 
improve battery life and safety, appropriate ventilation and temperature management systems are included. 
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4) Charge Controller with MPPT: 
A crucial component, the charge controller, manages the flow of electricity from the PV panels and wind turbine to the batteries and 
the water pump. It employs Maximum Power Point Tracking (MPPT) algorithms to maximize energy harvest from solar panels 
across varying irradiance levels. The charge controller protects batteries from overcharging and deep discharges, regulates voltage 
and current, and can have integrated protection features such as short circuit, reverse polarity, and temperature compensation. 
5) Water Pump: 
The water pump is typically a DC submersible or surface pump designed to operate efficiently on the electricity supplied by the 
renewable sources and storage. The pump capacity ranges from 0.75 HP (0.55 kW) for small-scale applications to several HP for 
larger irrigation systems. Pumps are selected based on hydraulic requirements including total dynamic head (TDH) and flow rate 
demand, ensuring compatibility with the system voltage and power ratings. 
6) Water Level Sensors and Controller: 
To automate pump operation and prevent dry run or overflow conditions, conductivity-based water level sensors are installed at the 
storage tank. The sensors detect water presence or absence at defined upper (full) and lower (empty) levels. A microcontroller (e.g., 
Arduino UNO) processes sensor data, implementing control logic to start and stop the pump via relay switches accordingly, 
conserving energy and protecting system components. 
7) Auxiliary Equipment: 
The system includes protective devices such as fuses and circuit breakers, electrical wiring compliant with voltage and current 
requirements, mounting structures, monitoring systems, and enclosures for electronic components and batteries. 
 
B. Site and Resource Assessment: 
1) Solar Irradiance Assessment: 
Evaluate the solar radiation levels at the proposed installation site using historical meteorological data or on-site solar sensors. This 
assessment helps determine the potential energy generation from the photovoltaic (PV) array. Key factors include seasonal 
variations, shading effects, panel orientation, and optimal tilt angle. 
2) Wind Resource Evaluation: 
Analyze wind speed, direction, and temporal patterns using anemometer measurements or available historical datasets. This analysis 
estimates the expected energy output from the vertical axis wind turbine (VAWT). Sites with stable and moderate wind speeds are 
preferred for achieving consistent turbine performance. 
3) Water Demand Analysis: 
Identify daily and seasonal water requirements based on the intended application, such as irrigation, livestock usage, or domestic 
supply. Consider peak demand periods and possible future water demand increases to ensure adequate system capacity. 
4) Static Head and Pumping Requirements: 
Determine the static head by measuring the vertical height difference between the water source and the delivery point. Calculate 
total dynamic head by including frictional losses within pipes. This information is essential for selecting an appropriately rated 
pump and estimating the required energy input. 
5) Site Topography and Accessibility: 
Assess terrain conditions, soil characteristics, and accessibility for installation, operation, and maintenance. The site must support 
stable mounting of solar panels, wind turbine structures, and pumping units, ensuring long-term system reliability and safety. 
6) Water Source Characteristics: 
Identify the type of water source (such as borewell, open well, or surface water) and evaluate its reliability and sustainable yield. 
This ensures that the system can meet water demand without depleting the source. 
7) Environmental and Climatic Considerations: 
Consider environmental factors including ambient temperature variations, humidity, dust levels, and regional weather patterns. 
These conditions influence component efficiency, degradation rates, and the maintenance schedule. 
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C. Mathematical Modeling and Calculations: - 
Accurate mathematical modeling and calculations are crucial for designing a reliable and efficient renewable energy water pumping 
system. The following key parameters and equations are used to size and optimize the system components: 
1) Hydraulic Power Calculation: 

The hydraulic power required to pump water depends on the total dynamic head (TDH) and the flow rate. It is calculated as: 

where: 
 ρ = density of water (1000 kg/m³) 
 g = acceleration due to gravity (9.81 m/s²) 
 Q = flow rate (m³/s) 
 H = total dynamic head (m), including static head, drawdown, and frictional losses in piping. 

 
2) Total Dynamic Head (TDH): 

where: 
 Hs = static head (vertical distance from water source to delivery point) 
 Hdd = drawdown in water level due to pumping 
 Hf = friction losses in pipes and fittings, calculated based on pipe diameter, length, flow rate, and fluid properties. 

 
3) Pump Sizing: 

Pump power must meet or exceed Phydraulic adjusted for pump efficiency ηp: 

 
Select a pump with voltage and power ratings compatible with the renewable energy system. 
 
4) Solar Array Sizing: 
Calculate the electrical power needed to operate the pump Ppump and account for system and environmental losses to determine the 
required solar array size: 

 
where: 

 ηsystem = overall system efficiency (including inverter, wiring losses) 
 PRPR = performance ratio accounting for shading, temperature, and other losses (typically 0.75 to 0.85). 

 
5) Battery Capacity Calculation: 
Battery bank size is based on daily energy consumption Edaily, desired backup time tbackup, depth of discharge (DoD), and system 
voltage V: 

 
Expressed in Ampere-hours (Ah). 
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6) System Losses and Efficiency: 
Losses in the system arise from panel mismatch, wiring resistance, charge controllers, inverter inefficiency, and mechanical losses 
in the pump. These are estimated and factored into sizing to ensure performance reliability. 
7) Flow Rate Modeling: 
The flow rate varies with available power; as input power increases, more water can be pumped. Modeling this allows simulation of 
daily water delivery based on solar irradiance and wind data. 
By integrating these calculations into the design process, the renewable energy water pumping system can be optimized for site-
specific conditions, ensuring a sufficient water supply with minimal energy waste and cost. 
8) Solar Irradiance vs. Water Flow Rate:  

Fig 3.1 Solar Irradiance vs. Water Flow Rate 
 

The line chart shows the increase in water flow rate as solar irradiance increases from 100 to 1000 W/m². Flow rate starts low at 2 
L/min at minimal sunlight and rises steadily, reaching about 48 L/min at peak irradiance. This positive correlation demonstrates how 
solar energy availability directly impacts pump performance. The trend is nonlinear, with rates increasing faster at lower irradiance 
levels and gradually leveling off near maximum flow capacity. 
9) System Performance Over Time:  
The solar-wind hybrid water pumping system prototype exhibits dependable operation under a range of environmental 
circumstances. The photovoltaic (PV) array generates its greatest power during times of optimal solar irradiation, allowing the water 
pump to effectively deliver high discharge rates. Measurements taken in the morning reveal that the pump produces between 33.5 
and 35 m³/h with moderate sun intensity. At midday, when solar radiation is at its highest, this production reaches a peak of about 
42 m³/h. The system's pumping efficiency, which shows a good conversion of electrical energy into hydraulic power, ranges from 
56% to 66%. 
By augmenting the solar input, particularly during periods of low sunlight, wind energy integration further improves system 
reliability by cutting down on battery charging time and guaranteeing continuous pump operation. On a full charge, the battery 
storage capacity allows for about 20 hours of continuous pumping; under combination solar and wind conditions, charging takes 
about 6 to 7 hours. 

Fig 3.2 System Performance Over Time 
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Overall, the prototype is appropriate for off-grid and rural water supply applications due to its efficient energy use, autonomous 
operation through real-time water level sensing, and adaptation to fluctuating renewable inputs.  
10) Architecture of the Solar Water Pumping System:  
The architecture of the solar water pumping system comprises three major components working together to convert solar energy 
into mechanical energy for water pumping: 

Fig 3.3 Model Architecture 
 

a) Solar Photovoltaic (PV) Array: 
This subsystem consists of multiple solar panels arranged in series and parallel configurations to deliver the required voltage and 
current. It captures sunlight and converts it into direct current (DC) electricity. 
b) Pump Controller: 
The pump controller receives power from the solar array and regulates it to drive the water pump efficiently. It includes a Maximum 
Power Point Tracking (MPPT) feature to optimize energy harvest from varying solar irradiance and protects the system by 
preventing overload, under-voltage, and dry running. 
c) Water Pump (Motor and Pump Assembly): 
The pump, typically a DC submersible or surface pump, receives power from the controller to lift water from the source to the 
delivery point. It is designed to match the hydraulic and electrical requirements of the system. 
d) Sensors and Feedback Mechanism: 
Water level sensors in the source and storage tank feed data to the controller, enabling automatic pump operation, preventing dry 
running, and avoiding overflow. 
e) Energy Storage (Optional): 
Battery banks may be incorporated to store excess energy for use during low sunlight periods, enhancing system reliability. 
The system architecture ensures an integrated flow of energy from solar capture to water delivery, incorporating control and safety 
mechanisms for efficient, autonomous operation. 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538 

                                                                                                                Volume 13 Issue XII Dec 2025- Available at www.ijraset.com 
    

232 ©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 
 

Fig 3.4 Circuit Diagram 
 
f) List Of Components: -   

Component Function Description 

Solar PV Array Converts sunlight to 
electrical energy 

Multiple Photovoltaic Modules Are 
Connected to Provide theRequired Voltage 
and Current toThe System. 

Pump Controller 
Regulates power, 
optimizes pump 
operation 

Controls Power Flow, Includes MPPT, 
Protects Pump from 
Undervoltage/Overvoltage 

Water Pump Pumps water 
DC Or AC Submersible Or Surface Pump 
Moves Water From The Source To The 
Delivery Point 
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Component Function Description 

Water Level Sensors Monitor water levels 
Sensors In The Tank And Source Detect 
Water Levels To Automate Pump Operation 
And Prevent Overflow/Dry Running 

Relay Module 
Electrical switch for 
pump control 

Switches Pump ON/OFF Based On 
Controller Signals 

Microcontroller (e.g., 
Arduino) 

Processes sensor data 
and controls the relay 

Runs Control Logic For Pump Operation 
Based On Sensor Inputs 

Battery Bank (Optional) Stores energy for off-
sun operation 

Provides Backup Power To The Pump And 
Controller During Low/Zero Sunlight 

Connecting Wires 
Electrical 
connections 

Connects All Components Electrically For 
Communication And Power Supply 

Table 3.1 List of Components 
Fig. 3.5Model Image 

g) Final Workflow: 

Fig 3.6 Flow Diagram 
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The flow diagram illustrates a simple, logical process to control a water pump based on water level sensor readings. The system starts 
by reading values from two sensors. If both sensors detect dry conditions, indicating low water levels, the pump is started to fill the 
tank or reservoir. If both sensors detect wet conditions, meaning the tank is full, the pump is stopped to prevent overflow. In scenarios 
where the sensor readings are mixed (one dry and one wet), the system maintains the current pump state, avoiding unnecessary 
switching and ensuring stable operation. This logic effectively automates pump control to maintain desired water levels, prevent dry 
running of the pump, and avoid flooding due to overfill. 

 
IV.   FUTURE SCOPE 

By using cutting-edge technologies, the solar-wind hybrid water pumping system can be further improved for increased usability 
and efficiency. In order to provide real-time remote supervision and operation of the pump via smartphones or web applications, 
future development may concentrate on integrating IoT-enabled sensors and cloud-based monitoring platforms. Better energy 
management and water conservation can be achieved by using machine learning algorithms to improve pump operation based on 
previous water usage patterns and predictive weather data.  
To improve dependability during extended periods of low sunshine or low wind, the system can also be extended to incorporate 
smart energy storage technologies like supercapacitors or next-generation batteries. Including feedback-controlled variable speed 
pumps could save mechanical wear and increase hydraulic efficiency. There is also potential in investigating other renewable energy 
sources, such as biomass energy for hybridization or micro-hydro turbines. 
All things considered, these improvements will make the system more intelligent, adaptable, and sustainable, making it appropriate 
for wider uses in agriculture, remote rural water supply, and environmentally friendly water management. 
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