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Abstract

This study presents the development and testing of a Hybrid Electrical Source combining hydro and solar
renewable energy systems. Designed to provide electricity in remote areas lacking access to conventional power
grids, the project harnesses energy from both sunlight and flowing water. The primary aim is to generate electricity
using sustainable resources, targeting applications such as camping sites, agricultural fields, and residential areas
with a maximum usage of 12 volts. The solar component consists of panels mounted on rooftops or portable
structures, while the hydro component utilizes a turbine generator powered by river water. The generated
electricity from both sources is regulated and displayed via a solar controller. Water flowing through the turbine
is subsequently pumped back, ensuring continuous operation. This dual-source system effectively utilizes
available natural resources, enabling electricity generation in diverse weather conditions. The findings indicate
that hybrid systems can provide reliable and efficient power solutions in regions with limited infrastructure.
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1.0 Introduction

The escalating global demand for reliable, efficient, and sustainable energy systems has
intensified research into hybrid electrical sources that integrate multiple energy generation and
storage technologies. Hybrid systems typically combining renewable sources such as solar and
wind with conventional generators and energy storage units offer enhanced resilience, load
balancing, and environmental benefits. However, the complexity of these systems necessitates
rigorous prototyping methodologies to ensure optimal performance, interoperability, and
scalability. This study presents a comprehensive approach to prototyping hybrid electrical
sources, emphasizing the integration of diverse energy components through modular design,
simulation, and real-world testing. By leveraging advanced control strategies and adaptive
power management algorithms, the prototypes aim to address key challenges such as dynamic
load response, energy efficiency, and fault tolerance. The paper outlines the methodologies
employed in the design and development phases, including hardware selection. It further details
the testing outcomes derived from laboratory and field experiments, highlighting performance
metrics such as energy conversion efficiency, response time, and system stability under varying
operational conditions. Through this investigation, the research contributes to the evolving
landscape of hybrid energy systems, offering insights into prototyping best practices and
empirical data that can inform future innovations in distributed energy generation and smart
grid applications.

1.1 Problem Statements

The problem statement is that sometimes we need to use electricity for some purpose, but
the place doesn’t have electricity to use electricity, this project helps them to use light from
blue, charging a DC application device. It is easier for them to get electricity without needing
to make new wiring from outside to get electricity.

1.2 Project Objectives

The primary objective of this project is to design, develop, and evaluate a prototype hybrid
electrical energy system that integrates multiple energy sources and storage technologies.
Specifically, the project aims to: Design and construct a modular hybrid energy prototype
that combines renewable energy sources (solar and wind), conventional generators, and
energy storage units into a scalable and adaptable system architecture.
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1.3 Project Significance

This solution offers substantial cost savings by reducing utility bills and equipment expenses
while providing energy independence by eliminating reliance on the central grid or costly
fuel-powered generators. It ensures resilience and reliability with backup power capabilities,
offering peace of mind in emergencies. As a clean energy source, it generates power without
releasing pollutants, making it environmentally friendly. Its portability is perfect for
camping, as it can charge essential devices like navigation tools. Additionally, it’s cost-
effective, helping users save on disposable batteries and generator fuel over the long term.

2.0 Literature Review

The integration of hybrid electrical sources has emerged as a pivotal solution in addressing the
limitations of single-source energy systems, particularly in the context of renewable energy
variability and grid reliability. A substantial body of research has explored the design, control,
and optimization of hybrid energy systems, with emphasis on their adaptability, efficiency, and
environmental impact.

2.1 Hybrid Energy Systems: Concepts and Applications

Hybrid systems typically combine renewable sources such as photovoltaic (PV) solar, wind
turbines, and conventional generators to ensure continuous power supply. According to
[Khan et al., 2020], hybrid configurations significantly improve energy reliability in off-
grid and remote applications. The synergy between intermittent renewables and
dispatchable sources enables better load matching and reduces dependency on fossil fuels.

2.2 Prototyping and Simulation Techniques

Prototyping methodologies have evolved to incorporate advanced simulation tools that
model dynamic interactions between system components. Studies by [Zhou & Li, 2019]
highlight the use of MATLAB/Simulink and HOMER software in optimizing system
architecture and control logic prior to physical implementation. These tools allow
researchers to simulate various operational scenarios, including load fluctuations, weather
variability, and fault conditions.

2.3 Control Strategies and Power Management

Effective control strategies are essential for managing energy flow and maintaining system
stability. Research by [Singh et al., 2021] demonstrates the use of microcontroller-based
systems to implement real-time energy management algorithms. Techniques such as fuzzy
logic, PID control, and machine learning have been employed to enhance responsiveness
and efficiency in hybrid setups.

2.4 Performance Evaluation and Testing

Empirical testing remains a critical phase in validating prototype performance. Field studies
conducted by [Ahmed & Yusof, 2022] emphasize the importance of real-world data in
assessing energy conversion efficiency, system resilience, and fault tolerance. Metrics such
as response time, voltage regulation, and battery cycling behavior are commonly used to
benchmark system effectiveness.

2.5 Challenges and Future Directions

Despite promising advancements, hybrid energy systems face challenges related to cost,
scalability, and integration complexity. Emerging research is focused on modular design,
plug-and-play architectures, and smart grid compatibility to overcome these barriers. The
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literature suggests a growing trend toward decentralized energy systems that leverage loT
and Al for intelligent control and predictive maintenance.

2.6 Prototype of an Efficient Hydropower Plant

The title of the project is designing a prototype of an efficient hydropower plant. The project
scopes were designed, constructed models, analyzed, and implemented to real world of an
efficient hydropower plant. The design objective is to build out a useful, effective,
convenience, reliable, environment friendly and safe to use hydropower plant. Research has
been done to fulfill the requirement. Different kinds of hydropower plants have been going
through to aid in gathering information and hence implemented a new ideal of hydropower
plant. The new hydropower plant from this project was efficient, portable, and able to
function in many kinds of flow to generate electricity. The testing for this new design was
carried out to meet the objective of the design.

3.0 Research Methodology
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Figure 1: Flow Chart of Project
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Figure 2: Block Diagram Project

3.1 Design Methodology. Hardware Implementation
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Gather components: Collet all the necessary hardware components. Collect all the
necessary hardware components, solar panel, micro hydroelectric generator, solar
controller and other components needed.

Mounting: Securely mount the solar panel and other electronic components inside
the enclosure as planned. Arrange the components for easy access and maintenance.
Wiring: Connect the panel solar and micro hydroelectric generator to the solar
controller, battery and load.

Testing: Test each component individually to verify its functionality and
connections. Use sample code or basic scripts to test voltage output, connections,
and input/output devices.

Calibration: Calibrate sensors as needed to optimize performance and voltage,
testing LCD function.

3.2 Schematic Diagram and Component of Project

Figure 3: Schematic Diagram of project
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Figure 4. solar charge Figure 5. solar panel is a device

controller is an electronic comprising photovoltaic cells that

device used in solar power convert sunlight into electricity,

systems to regulate the typically used to  generate

charging and discharging of renewable energy for various

a battery from a solar panel applications, including powering
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devices.

Figure 6: Battery used to store the energy in it. It stores excess energy generated
by solar panel during daylight hours and micro hydroelectric so it can be used later
when needed. The battery provides a steady power supply, enabling continuous
energy availability and improving system reliability.
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Figure 7. Micro-hydroelectric with a
150mA output is a small-scale turbine
system designed to harness the kinetic
energy of flowing water to generate
electricity, typically producing a
maximum output of 150 milliamperes
(mA). These turbines are often used in
micro-hydroelectric systems for remote
or off-grid power generation.

4.0 Result And Discussion

Figure 8. A step down is used to
step down the voltage from 12V to
5V, use for 5V applications like
charge a phone, mini fan and
rechargeable lamp.

In this chapter, We’ll show the result that we get from this project. Then all the hardware
component to connect with solar controller. We tested it and get all the result with discussion.In
this project, we using solar panel and Micro Water Turbine Generator to generate an electricity
in DC. Then we using a LCD to show the voltage and current value from both of the input in

this project.
Table 1: Data from Maximum Power Point Tracking (MPPT)
Time Temprature © Ampere(A) Daily Storage Voltages(V) % Battery Charge
10.00 AM 33 0.25 12.8 53
1.00 PM 40 0.37 11.7 87
6.00 PM 38 2 12.3 40
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Figure 9: Data from Maximum Power Point Tracking (MPPT) reading

Table 2: Data from Micro-hydroelectricc

Water Pressure (psi) Water Flow Rate (Liter/Minit) ~ Voltage Output (V) Output Current (mA)
0 0 0 0
25 0.4 10 20
50 0.8 12 40
75 1.2 12 80
100 1.6 12 120
125 2 12 150
4 N
Water flow rate (Liter/Minit), Output Voltage (V) and
Output current (mA)
160
140
120
100 —— Water Flow Rate
80 (Liter/Minit)
60 Voltage Output (V)
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20 Output Current (mA)
0o L=
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Water Pressure (psi)
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Figure 10: Data from Micro-hydroelectric
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5.0 Conclusion

First objective is to help and easier the the people to use electric in the place don’t have any
electric grid. Second to reduce pollution from using generator. Lastly to encaurage people to
use renewable energy.In the conclusion, this project archived all the objective at the end. This
project could help people who really need electric energy to survive. This project also can help
student to learn more about the hybrid renewable energy more. Lastly, this project have a
pontentional to commercialize to market because it really give a benefit to them.

6.0 Recommendation

Even this project is already complete, but there is a recommendation to make this project more
efficient. First we recommend to add a sun tracking sensor and motor, with this solar panel will
follow the sun and solar also can be more efficient. Second is we try to use screw trubine with
low head hydropower to replace microelektrik generator because it more suitable with place
and should get a higher watt from it..

Scalability and Deployment: Future work should focus on scaling the prototype for larger
applications, such as microgrids or rural electrification projects. Field trials in diverse
geographic locations would provide valuable insights into real-world performance. Advanced
Control Systems: Incorporating machine learning-based predictive control could further
enhance system efficiency by anticipating load patterns and environmental changes. Cost
Optimization: A detailed cost-benefit analysis should be conducted to identify the most
economically viable configurations, especially for resource-constrained settings. Integration
with Smart Grids: The hybrid system should be designed for seamless integration with smart
grid infrastructure, enabling bidirectional energy flow and grid support functionalities.
Environmental Impact Assessment: A lifecycle analysis of the hybrid system components
should be undertaken to evaluate environmental sustainability and inform eco-friendly design
choices.
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