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Abstract

This paper presents the design, construction, and performance evaluation of a low-cost, microcontroller-
based egg incubator tailored for small-scale poultry farmers. The proposed incubator maintains optimal
temperature (99°F—102°F), humidity (50—60%), and airflow to maximize hatchability rates while minimizing
energy consumption. The system utilizes a 12V power supply, a halogen bulb for heating, a microcontroller
(Arduino-based) for precise temperature regulation, and a forced-air circulation mechanism to ensure
uniform heat distribution. With a capacity of 100 eggs and compact dimensions (0.38 x0.35 x 0.45 m), the
incubator achieved an 85% hatching success rate, comparable to commercial models but at a fraction of
the cost. The design emphasizes affordability, portability, and ease of operation, making it a viable solution
for rural and resource-constrained poultry farmers.

Introduction- India is an agricultural country in which most of the population depend on farming
outcomes. Poultry farming plays a crucial role in food security and rural economies, yet small-scale farmers
often struggle with low hatchability rates due to inadequate incubation conditions. Commercial incubators,
while effective, are prohibitively expensive for smallholders, necessitating the development of affordable
alternatives.

This study addresses this gap by designing a low-cost, automated egg incubator that ensures stable
incubation conditions (temperature, humidity, and ventilation) while remaining accessible to small
farmers. The system integrates a microcontroller for real-time monitoring and control, improving reliability
over traditional manual incubators.
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Objectives

- Design a portable, low-cost incubator with a capacity of 100 eggs.

- Maintain optimal temperature (99°F-102°F) and humidity (50—60%).
- Ensure uniform heat distribution using forced-air circulation.

- Evaluate performance through real-world testing and hatch rate analysis.

Literature Review

Egg incubation is a critical process in poultry farming, requiring precise control of temperature, humidity,
and airflow to maximize hatchability. Over the years, various studies and technological advancements have
contributed to improving incubator designs, particularly for small-scale farmers who need affordable and
efficient solutions.

Temperature Control

Maintaining optimal temperature is essential for embryo development. Research shows that the ideal
temperature range for chicken eggs is between 99°F and 102°F, with fluctuations kept to a minimum to
avoid high embryo mortality. Traditional incubators often rely on manual thermostats, which are prone to
inconsistencies. Modern designs use microcontroller-based systems, such as those with PID (Proportional-
Integral-Derivative) control, to maintain stable temperatures automatically. These systems significantly
improve hatch rates by reducing temperature deviations.

Humidity Management

Humidity levels between 50% and 60% are crucial for preventing egg dehydration and ensuring proper
chick development. Studies highlight that both low and high humidity can negatively impact hatchability.
Low humidity causes excessive moisture loss, while high humidity promotes bacterial growth. Advanced
incubators incorporate automated humidity control using sensors and watertrays or ultrasonic humidifiers,
ensuring consistent conditions throughout the incubation period.

Airflow and Heat Distribution

Uniform heat distribution is another critical factor for successful incubation. Poor airflow can lead to "hot
spots" or cold zones within the incubator, causing uneven embryo development. Researchers have
experimented with different fan types and placements to optimize air circulation. Forced-air systems,
which use fans to circulate warm air evenly, have proven more effective than still-air designs, particularly
in larger incubators.

Energy Efficiency and Cost-Effectiveness

Commercial incubators often come with high costs and energy demands, making them unsuitable for
small-scale farmers. Recent studies focus on low-power solutions, such as 12V DC heating systems and
solar-powered designs, to reduce operational costs. These innovations aim to balance performance and
affordability, ensuring accessibility for rural and resource-limited farmers.

Comparison of Commercial and DIY Solutions

Commercial incubators, while reliable, are expensive and often require stable electricity, which is not
always available in rural areas. In contrast, DIY (Do-It-Yourself) incubators, built using locally available
materials and microcontroller-based controls, offer a cost-effective alternative. These homemade systems
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can achieve hatch rates comparable to commercial models at a fraction of the cost, making them ideal for
small-scale poultry farming.

Methodology

The incubator was developed through a structured approach:
System Requirements

- Temperature Range: 99°F—102°F (£0.5°F accuracy).

- Humidity Range: 50—-60% (+5% variation).

- Power Supply: 12V DC (battery/solar compatible).

- Capacity: 100 eggs (chicken/quail).

Component Selection

Component Specification

Microcontroller Arduino Uno (PID control algorithm)

Heating Element 12V Halogen Bulb (50W)

Humidity Source Water Tray + Ultrasonic Humidifier

Sensors DHT22 (Temp/Humidity), LM35
(Backup)

Air Circulation 12V DC Fan

Enclosure Material Thermocol Insulation (5cm thickness)
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Design and Construction

- Structure: A cuboidal chamber (0.38 x 0.35 x 0.45 m) with a hinged door for egg loading.

- Heating System: Halogen bulb regulated via PWM (Pulse Width Modulation) for energy efficiency.
- Humidity Control: Water tray with a wick system and optional ultrasonic humidifier.

- Airflow: DC fan ensures uniform heat distribution.

Results and Analysis

Temperature Stability

The PID-controlled system maintained:

- Average Temperature: 100.5°F (£0.3°F).

- Response Time: <2 minutes after door opening.
Humidity Control

- Steady Humidity: 55% (+3%).

- No Condensation Issues due to proper airflow.

Hatch Rate Comparison

Parameter Proposed Commercial Incubator
Incubator

Hatch Rate 85% 88-90%

Cost (USD) S50 $500-51000

Power 0.5 kWh/day 1.2 kWh/day

Consumption

The 85% hatch rate confirms the system’s reliability, with cost savings of *90%* over commercial
alternatives.

Discussion

Advantages

Affordability: 10x cheaper than commercial models.
Portability: Lightweight and solar-compatible.
Automation: Reduces manual intervention.

Limitations

Limited to 100 eggs (scalable with design modifications).

Dependency on Power: Requires stable 12V supply (battery/solar recommended).
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Conclusion and Future Work

The developed incubator provides a cost-effective, efficient solution for small-scale poultry farmers,
achieving 85% hatch rates with minimal energy use. Future enhancements may include:

- loT Integration: Remote monitoring via GSM/WiFi.
- Solar-Powered Operation: For off-grid use.
- Scalability: Larger capacity models for cooperatives.

This innovation has significant potential to improve poultry productivity in developing regions.
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