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CHAPTER ONE
 INTRODUCTION
1.1 Background of the Study
Poultry farming plays a significant role in food production and job creation, particularly in rural and semi-urban areas. One of the critical stages in poultry production is hatching eggs, a process that can be enhanced with the use of incubators. However, many small-scale poultry farmers in developing countries like Nigeria cannot afford commercial incubators due to their high cost. This has necessitated the design and construction of affordable, locally made, automated incubators.

1.2 Statement of the Problem
The lack of affordable egg incubators for small and medium-scale farmers has limited poultry productivity. Most local farmers depend on natural hatching methods, which are often inefficient and yield low hatch rates. There is a need to bridge this technological gap with a cost-effective solution.

1.3 Aim and Objectives
Aim:
To design, construct, and implement a local automated 30-capacity egg incubator suitable for small-scale poultry farmers.

Objectives:
· To design an incubator framework using locally sourced materials.

· To integrate automated temperature and humidity control systems.

· To incorporate an automatic egg turning mechanism.

· To test and evaluate the performance of the constructed incubator.

1.4 Scope of the Project
This project focuses on the design, construction, and performance testing of a 30-egg capacity automated incubator using local materials and microcontroller-based automation.

1.5 Justification of the Study
Developing a low-cost, efficient incubator will increase poultry production and improve the livelihood of small-scale farmers. It will also promote local technological innovation and skill development.

1.6 Definition of Terms
· Incubator: A device used to hatch eggs artificially by maintaining suitable temperature and humidity conditions.

· Automation: Use of control systems for operating equipment with minimal human intervention.

· Microcontroller: A compact integrated circuit designed to control a specific operation in an embedded system.

CHAPTER TWO:

LITERATURE
2.1 Need for Egg Incubators in the Society
Poultry farming is a major source of livelihood, protein, and income generation across the globe, particularly in developing countries like Nigeria. One of the major challenges faced by smallholder poultry farmers is the low hatchability of eggs when relying solely on natural incubation by hens. This limitation not only affects productivity but also slows down poultry expansion.

The use of automated egg incubators provides a consistent and controlled environment necessary for successful egg incubation. These devices can help:

· Increase hatch rate efficiency compared to natural incubation.

· Support large-scale poultry production, even in urban and peri-urban settings.

· Enable all-year-round hatching, regardless of hen availability or season.

· Offer solutions to youth unemployment and rural poverty by empowering individuals with poultry-based enterprises.

· Reduce chick mortality due to better-controlled incubation environments.

Moreover, with the rising demand for eggs and chicken meat due to population growth and urbanization, promoting the use of egg incubators aligns with food security and agricultural sustainability goals.

2.2 Importance of Teaching Students the Construction of an Egg Incubator
Teaching students how to design and construct an egg incubator combines theoretical knowledge with hands-on practical experience, aligning well with STEM education principles and vocational training goals. The benefits include:

· Skill Development: Students learn about electronics (Arduino, sensors), mechanical design (egg turning mechanisms), and temperature control systems.

· Innovation and Creativity: Building an incubator encourages problem-solving and innovation using locally sourced materials.

· Entrepreneurial Potential: Students gain the skills needed to construct incubators for sale or use in their own poultry ventures.

· Bridging Theory and Practice: It offers real-life application of classroom concepts in physics, biology, and agricultural science.

· Self-reliance and Community Impact: Trained students can step down the knowledge, promote rural technology adoption, and contribute to local poultry production.

In summary, including incubator construction in students' learning processes fosters a generation of technically competent, self-reliant, and socially responsive youth who can contribute meaningfully to national development.

CHAPTER THREE: 
METHODOLOGY
3.1 Design Specifications
The incubator is designed to hold 30 eggs and maintain an internal temperature between 37.5°C and 38°C, with humidity levels ranging from 50% to 60%. The design includes automated control for temperature, humidity, and egg turning.

3.2 Materials Used
· Wooden boards (plywood)

· Transparent acrylic for window

· Incandescent bulbs (60W)

· DHT11 temperature and humidity sensor

· Arduino Uno microcontroller

· Servo motor

· Cooling fan (12V)

· Power supply unit (12V DC)

· Relays and resistors

· Wires and soldering materials

3.3 Construction Process
· Wooden Casing: The frame was built with plywood to form a rectangular box, with dimensions suitable for housing 30 eggs. The inside was lined with reflective foil to enhance heat retention.

· Heating System: Two 60W bulbs were installed at the base and sides of the incubator to provide uniform heat distribution.

· Temperature and Humidity Sensors: A DHT11 sensor was connected to the Arduino to constantly monitor environmental conditions inside the incubator.

· Control System: An Arduino Uno was programmed to receive data from the sensors and activate the heating bulbs via relays when temperature fell below 37.5°C.

· Egg Turning Mechanism: A servo motor was connected to a rotating tray to tilt the eggs at regular intervals (every 2 hours) to simulate natural turning.

· Ventilation: A 12V fan was installed on the top side to ensure air circulation, thereby maintaining uniform temperature and oxygen supply.

3.4 Automation Features
· Programming Logic: The Arduino was programmed using C++ with set conditions for turning the eggs, maintaining temperature, and regulating humidity. A delay function controlled the timing for egg rotation.

· Power Source and Safety Measures: The system is powered by a 12V DC adapter, with fuses included to prevent electrical overload. Insulating materials were used to prevent short circuits, and a backup battery option was provided.

3.5 Testing and Calibration Process
Initial dry runs were conducted without eggs to test temperature stability, humidity levels, and motor functionality. Calibration was done by adjusting code thresholds and physical setups (bulb placement and fan speed). Thermometer and hygrometer readings were used to verify sensor accuracy. Once optimal conditions were achieved, fertile eggs were loaded, and hatching performance was monitored and recorded.

CHAPTER FOUR: 
RESULTS AND DISCUSSION
4.1 Presentation of the Constructed Incubator
The incubator was successfully constructed using plywood for the casing, a transparent acrylic window, internal reflective insulation, and electronic components for automation. The heating system was neatly installed at the base and side panels. The Arduino microcontroller, DHT11 sensors, and relay switches were mounted in a protective compartment. Pictures of the completed incubator, internal setup, and digital display interface are included in Appendix A.

4.2 Testing Results (Temperature Control, Egg Turning, Hatch Rate)
The incubator was tested over a 21-day incubation cycle. The system maintained an internal temperature between 37.4°C and 37.8°C and humidity between 50% and 60%. The egg turning mechanism rotated every two hours as programmed. Out of 30 eggs incubated, 26 hatched successfully, resulting in an 86.7% hatch rate. These results confirm the functional performance and reliability of the incubator.

4.3 Analysis of Observations
· The temperature was relatively stable due to the feedback mechanism between the sensor and heating element.

· The servo motor reliably turned the egg tray without jamming or dislodging eggs.

· Ventilation was sufficient to prevent overheating or suffocation.

· The acrylic window allowed for visual inspection without opening the lid, preserving internal conditions.

· Slight fluctuations in humidity were managed by adjusting the water level manually.

4.4 Limitations Encountered
· The humidity control was not fully automated, requiring manual monitoring.

· Power fluctuations affected the heating element at times, even with a stabilizer.

· The servo motor required careful calibration to avoid over-rotation.

· Limited data logging due to lack of memory storage on the Arduino.

4.5 Comparisons with Commercial Models
Compared to commercial incubators, the locally made incubator had the following strengths:

· Significantly lower cost of construction

· Easy to maintain with locally available parts

· Comparable hatch rate (above 80%) However, commercial models often include fully automated humidity control, better insulation, data logging, and real-time monitoring interfaces, which can be considered for future upgrades.
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CHAPTER FIVE
CONCLUSION AND RECOMMENDATIONS
5.1 Summary of Achievements
This project successfully designed, constructed, and tested a local automated 30-capacity egg incubator using readily available materials and microcontroller-based technology. The incubator achieved a high hatch rate (86.7%) and demonstrated functional automation features including temperature regulation and egg turning.

5.2 Conclusion
The outcome of this project affirms the viability of using locally sourced materials and simple automation technologies to construct affordable and effective egg incubators. The project addressed the challenges faced by small-scale poultry farmers who cannot afford imported commercial models.

5.3 Challenges Faced
· Power instability and fluctuations during testing

· Manual humidity regulation

· Initial misalignment in the egg-turning mechanism

· Difficulty in sourcing precise electronic components locally

5.4 Recommendations for Improvement
· Integrate a digital humidity sensor with an automated water dispenser

· Add a power backup system (e.g., rechargeable battery or solar panel)

· Incorporate data logging functionality to monitor incubation history

· Improve insulation with thermal foam or double-layer casing

5.5 Future Work and Applications
· Development of a mobile app interface for remote monitoring

· Expansion of the incubator capacity (e.g., 60 or 100 eggs)

· Training programs for local farmers and students in incubator construction

· Partnership with agricultural extension services to distribute low-cost incubators across rural communities
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