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Abstract 
Poultry production is vital to food security and income generation in rural Nigeria, yet access to reliable 
incubation technology is limited by high costs and unstable electricity. This study presents the design 
and construction of a low-cost, solar-powered 100-egg incubator tailored for remote communities. The 
incubator casing was fabricated from plywood, fitted with four 12 V PTC heating elements, a 12 V 
ultrasonic humidifier, and a motorized wooden egg-turning tray powered by a 12 V DC motor and XY-
LJ02 timer relay. An STC-3028 controller regulated temperature and humidity, while Autodesk Fusion 
360 provided 3D modeling and schematics for local fabrication. Performance evaluation showed that 
the system maintained an average incubation temperature of 37.6 ± 0.4 °C and relative humidity within 
recommended ranges (55.2% during incubation and 67.1% during hatching). Using 40 fertile eggs as 
a test batch, the incubator achieved a hatchability rate of 80%, comparable to outcomes reported for 
commercial and research-based systems. Power consumption was measured at 75 W, corresponding to 
0.9–1.8 kWh/day depending on heater duty cycle. A solar supply system comprising 3 × 100 W panels, 
a 12 V 120 Ah LiFePO₄ battery, and a 40 A MPPT controller was sized to ensure continuous, off-grid 
operation. The results demonstrate that the incubator is affordable, reliable, and sustainable, offering a 
practical solution to the challenges of energy access and poultry technology adoption in rural Nigeria. 
This innovation can significantly enhance poultry production and improve rural livelihoods. 
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INTRODUCTION 
Poultry production is a source of food security and rural livelihoods in Nigeria. It has been 
growing rapidly in recent years and now comprises of an estimated 180 million birds, yet local 
production meets only about 30% of national demand for poultry meat and eggs (Herrero, 
2020). This means that poultry remains a fundamental source of animal protein for millions 
of households. Improvements in small-scale hatchery performance can have a measurable 
impact on nutrition and household income (Herrero, 2020).  
 
Despite its importance, the poultry production in remote and off-grid areas is faces several 
challenges. Among which is limited access to reliable electricity and over dependant on 
importation of simple technologies which makes the cost to run small firms costly and 
sometimes not feasible. (Pelz et al., 2023; World Bank, 2020). Unreliable power raises 
operational costs, increases risk to embryo development during incubation, and reduces the 
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economic viability of centralized hatcheries for smallholders (Pelz et al., 2023; World Bank, 
2020). 
 
One critical technical bottleneck for improving smallholder hatchery outcomes is precise 
thermohygrometric control during the 21-day incubation period for chicken eggs. Optimal 
embryonic development requires a narrow temperature band and controlled humidity; 
deviations or prolonged interruptions in heating substantially increase embryo mortality and 
lower hatchability (Muleta, 2023). Recent experimental work on off-grid incubation systems—
including systems that pair photovoltaic power with thermal energy storage or phase-change 
materials shows that solar-driven designs can keep chamber temperatures in acceptable 
ranges and stabilize humidity through diurnal cycles, making reliable incubation feasible 
without continuous grid power (Thio et al., 2024; Muleta, 2023).  
 
Technological advances also show that intelligence and good thermal design improve 
performance and usability for smallholders. IoT/GSM-enabled control, simple automated 
egg-turning, and modest thermal storage allow solar incubators to run unattended, report 
status remotely, and improve hatch rates under real-world conditions (Peprah et al., 2022; 
Muleta, 2023). Studies from similar contexts report competitive hatchability and stable 
environmental control when systems include adequate insulation, a reliable PV + battery 
subsystem or thermal buffer, and user-friendly controls (Peprah et al., 2022; Thio et al., 2024). 
These results suggest a clear pathway for optimised design that are appropriate for remote 
Nigerian communities. 
 
However, despite promising prototypes and case studies, there remains a gap in context-
specific, low-cost designs that are explicitly optimized for the climatic, socioeconomic, and 
maintenance constraints of particular Nigerian states. Broader sustainability assessments of 
poultry systems also show the need to consider life-cycle costs and local maintenance capacity 
when proposing new technology for smallholders (Bawa et al., 2023). In this study we 
therefore focus on a pragmatic, low-cost design that prioritizes local materials, ease of repair, 
and measurable performance under local conditions. Our aims are to design and construct the 
incubator, evaluate temperature/humidity control and hatchability, and present a cost and 
maintenance analysis that local extension services or cooperatives could use to scale the 
approach. 
 
Therefore, this study addresses that gap by designing and implementing a low-cost, 
sustainable solar-powered egg incubator that base on locally available materials in Nigeria, 
for easy maintenance, and also to minimize the overdependence on the importation of simple 
technologies which will cut the cost of shipping, custom duties and other logistics attached. 
The design help raises hatchability rates and reduce recurring fuel and generator expenses for 
smallholder producers, improving household incomes and local protein supply.  
 
Solar solutions also offer clear environmental co-benefits by cutting reliance on diesel and gas 
backups and by leveraging an abundant renewable resource in many rural Nigerian contexts 
(Peprah et al., 2022). Beyond immediate farm-level gains, the incubator has broader value for 
rural development: it provides an affordable technology package that extension services, 
cooperatives, or micro-entrepreneurs could adopt and replicate, thereby expanding hatchery 
access without heavy capital investment. The approach also increases the lifecycle and 
maintainability concerns highlighted in sustainability reviews of Nigerian poultry systems, 
increasing the likelihood of durable adoption and positive long-term impacts (Bawa et al., 
2023). Finally, by demonstrating a concrete link between decentralized renewable energy and 
improved agricultural outcomes, the project contributes evidence useful for policy makers 
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and development programs seeking integrated solutions at the nexus of energy access and 
food security (World Bank, 2020). 
 
DESIGN AND IMPLEMENTATION  
The incubator is designed and constructed using locally available materials Northern Nigeria 
and low-cost electronic components to ensure affordability and maintainability.  
 
a) Casing 
The outer casing of the incubator was designed using Autodesk Fusion 360 in order to 
visualize the overall structure and optimize space for the heating, humidity, and egg-turning 
mechanisms (Figure 1a). The 3D model provided a realistic representation of the incubator’s 
geometry, material thickness, and internal compartments. From this model, a schematic 
diagram (exported as 2D technical drawings) was generated (Figure 2). The schematic 
contained precise measurements and visual details, which were used as a guide for 
fabrication. 
 
Construction of the casing was carried out by a local furniture craftsman using plywood as 
the primary material, reinforced with screws and adhesive gum for stability. Plywood was 
selected for its low cost, availability, and good thermal insulation properties compared to 
metallic alternatives. The casing was designed with double doors for easy egg loading and 
maintenance access. Slots were created internally to support the egg-turner trays, while 
ventilation and wiring passages were also incorporated based on the schematic specifications. 
This approach starting from a CAD model, followed by the derivation of a technical schematic 
for local construction ensured accuracy, uniformity, and reproducibility. It also provided the 
builder with a clear visual reference, reducing construction errors and ensuring the incubator 
met the required dimensions for component fitting. 
 

     
Figure 1a: 3D model of the incubator casing designed                  Figure 1b: Constructed device 
in Autodesk Fusion 360. 
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Figure 2.: Schematic diagram exported from Fusion 360 showing dimensions and layout used for construction. 

 
b) Heating and Humidity System 
The incubator’s microclimate was controlled using a combination of PTC heating elements 
and a 12 V ultrasonic humidifier, both regulated by the STC-3028 digital thermostat and 
humidity controller. Four Positive Temperature Coefficient (PTC) ceramic heating elements 
(12 V, 50 W each) were mounted on the interior walls of the incubator chamber to ensure 
uniform heat distribution. PTC elements were selected because they are self-regulating, 
energy-efficient, and safe; they automatically reduce their current draw once a set temperature 
is approached, minimizing overheating risks. The heating elements were connected in parallel 
to maintain consistent power delivery from the 12 V supply system. 
 
The STC-3028 controller monitored internal chamber temperature via a probe sensor and 
switched the heaters on and off automatically to maintain the target incubation range of 37.5 
± 0.5 °C. The placement of heaters at equidistant positions helped reduce cold spots and 
supported uniform embryonic development across all trays. Humidity was maintained by a 
compact 12 V ultrasonic humidifier, positioned at the lower section of the chamber. The 
humidifier produced fine water vapor, which circulated through natural convection and a 
small airflow channel. Humidity was programmed via the STC-3028 to remain between 50–
60% during the incubation phase (days 1–18), and increased to 65–70% during the hatching 
phase (days 19–21). 
 
The combined use of the thermostat controller for both temperature and humidity provided 
a simple, integrated regulation system that minimized manual intervention. Periodic refilling 
of the water reservoir was required, but overall the design allowed for stable control of the 
microclimate throughout the incubation cycle. 
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Figure 3: Schematic representation of heating and humidity systems (extracted from Fusion 360 diagram). 

 
c) Egg Turning Mechanism 
The egg-turning mechanism was designed to automate the periodic rotation of eggs, a critical 
function that prevents the developing embryo from adhering to the shell membrane and 
ensures uniform heat distribution. Manual turning is labor-intensive and prone to irregular 
timing; therefore, an automated solution was integrated into the incubator design. 
 
The mechanism consisted of a wooden tray constructed from lightweight timber, reinforced 
with mesh wire to hold the eggs securely (Figure 4). The tray was partitioned with parallel 
wooden slats, allowing eggs to rest horizontally while still permitting rolling motion during 
turning. Rotation was achieved using a TY50 12 V DC motor, coupled to the tray via a simple 
lever arm mechanism. The motor was controlled by an XY-LJ02 time delay relay module, 
programmed to activate the motor at two-hour intervals, rolling the tray gently back and 
forth. This interval was chosen to align with standard incubation practices, which recommend 
egg turning 8–12 times per day. 
 
The system was powered from the incubator’s 12 V DC supply and connected through a fuse 
for protection. The motor torque was sufficient to move the loaded tray without causing 
sudden jerks, thereby minimizing the risk of egg breakage. By combining locally sourced 
materials for the tray and an inexpensive DC motor system, the design achieved a balance 
between cost-effectiveness and reliability. The integration of automated turning also 
improved hatchability outcomes by ensuring consistency, particularly in remote communities 
where manual turning might be less practical. 
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Figure 5.: Wooden egg-turning tray fitted with DC motor for automated egg rotation. 

 
d) Experimental Procedure 
To evaluate the performance of the incubator, experimental trials were conducted using fertile 
chicken eggs obtained from a local poultry farm. The procedures were designed to assess 
temperature stability, humidity regulation, hatchability rate, and overall functionality of the 
constructed incubator under real-use conditions. Freshly laid eggs (not older than 7 days) 
were carefully selected based on weight uniformity and shell integrity. Cracked or abnormally 
shaped eggs were excluded to reduce hatch failures. Prior to loading, eggs were disinfected 
with a mild antiseptic solution to minimize microbial contamination. A total of 40 eggs were 
loaded horizontally on the wooden egg-turning tray, ensuring adequate spacing for airflow 
and uniform heating. The incubator was set to maintain a target temperature of 37.5 ± 0.5 °C 
and relative humidity of 50–60%. The automated egg-turning mechanism, driven by the TY50 
DC motor and XY-LJ02 timer, rotated the eggs at two-hour intervals throughout this phase. 
Temperature and humidity values were continuously monitored by the STC-3028 thermostat 
and humidity controller, with readings recorded at one-hour intervals using the inbuilt digital 
display. On the 19th day, egg turning was automatically disabled by switching off the relay 
to the motor. Relative humidity was increased to 65–70% using the 12 V ultrasonic humidifier 
to soften the shells and facilitate chick emergence. During this period, the incubator doors 
were kept closed to minimize environmental fluctuations, with observation windows used for 
monitoring. 
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Figure 6.: Sample of the Hatched eggs 

 
RESULTS 
a) Power analysis 
A direct measurement was taken by connecting a digital multimeter in series with the 12V 
incubator load for the current. The measured current was 6.26A. From these measurements 
the instantaneous electrical power draw (P) was calculated using: 

P = V × I 
P = 12.00 V × 6.26 A = 75.12 W 

If the measured load were to run continuously (24 hours), the daily energy consumption (E) 
would be: 

E (Wh/day) = P (W) × 24 (h) 
E = 75.12 W × 24 h = 1802.88 Wh/day = 1.803 kWh/day 

To account for real-world system losses (battery inefficiency, wiring, controller losses), a 
conservative derating factor of 1.30 (i.e., 30% extra) was applied. Hence the daily energy to be 
supplied by the PV array becomes: 

Energy required = 1802.88 Wh/day × 1.3 = 2343.74 Wh/day 
Assuming an average of 5 peak sun hours (PSH) per day in Kebbi-like locations, the required 
PV array power is: 

PV (W) = Energy required (Wh/day) / PSH (h/day) 
PV = 2343.74 Wh / 5.0 h = 468.7 W (≈ 4.7 × 100 W panels) 

 
Table 1.: Average power consumption 
Scenario Average power (W) Daily energy (Wh/day) Required PV (W) @5 PSH 

Continuous (100% duty) 75.12 1802.88 468.7 
50% duty cycle (typical 
cycling) 

37.56 901.44 234.4 

 
Required battery capacity (Ah) to store one full day of energy if the battery were discharged 
to 100% Depth of Discharge:  
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Ah needed = Energy daily (Wh) / V (V) 
= 1802.88 Wh / 12.00 V = 150.24 Ah 

 
Practical recommended battery sizes (accounting for recommended depth-of-discharge): 

Lead-acid (50% recommended Depth of Discharge): 
Battery_capacity = 150.24 Ah / 0.50 = 300.48 Ah (~300 Ah) 

 
Li‑ion / LiFePO4 (80% recommended Depth of Discharge): 

Battery_capacity = 150.24 Ah / 0.80 = 187.80 Ah (~188 Ah) 
 
For the 50% duty cycle scenario the equivalent battery requirements are: 

Ah needed 50% = 75.12 Ah 
Lead-acid (50% Depth of Discharge): 150.24 Ah 

Li‑ion (80% Depth of Discharge): 93.90 Ah 
b) Temperature Performance 
The incubator was programmed to maintain a set temperature of 37.5 °C. Measurements taken 
at one-hour intervals across the incubation cycle indicated a mean chamber temperature of 
37.6 °C with a standard deviation of ±0.4 °C. Temperature distribution across the tray was 
relatively uniform, with the maximum difference between sensor points being 0.7 °C. This is 
within the acceptable range for chicken egg incubation (37.0–38.0 °C). 
 
Table 2.: Temperature performance of the incubator 
Parameter Value 

Set temperature 37.5 °C 
Mean measured temperature 37.6 °C 
Standard deviation ±0.4 °C 
Max. deviation across chamber 0.7 °C 
 

c) Humidity Performance 
The ultrasonic humidifier, controlled by the STC-3028 module, maintained relative humidity 
between 50–60% during days 1–18 and 65–70% during the hatching phase (days 19–21). Mean 
humidity during incubation was 55.2% (±3.5%), while during hatching the average was 67.1% 
(±2.8%). 
 
Table 3: Humidity performance of the incubator 
Phase Set range (%RH) Mean (%RH) Standard deviation 

Incubation (Day1–18) 50–60 55.2 ±3.5 
Hatching (Day19–21) 65–70 67.1 ±2.8 
 

d) Hatchability Results 
A total of 40 fertile eggs were set in the incubator during testing. At the end of the cycle, 32 
chicks hatched successfully, while 8 eggs were unhatched due to infertility or embryonic 
mortality. This resulted in an overall hatchability rate of 80%. 
 
DISCUSSION  
The developed solar-powered 100-egg incubator demonstrated the ability to maintain stable 
incubation conditions with an average temperature of 37.6 ± 0.4 °C, relative humidity within 
recommended ranges, and a hatchability rate of 80%. These outcomes are consistent with, and 
in some cases superior to, previous studies on low-cost incubators in West Africa. For 
example, Oladimeji et al. (2021) reported a hatchability rate of 75% with a grid-powered 
incubator, but their system was constrained by unreliable electricity supply. By contrast, the 
solar integration in the present work ensures continuous operation in off-grid communities, 
directly addressing this limitation. Humidity regulation, often cited as a weakness in earlier 
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low-cost designs (Adegbite & Ogunwolu, 2020), was effectively achieved using a 12 V 
ultrasonic humidifier. This contributed to the high hatchability observed, particularly during 
the hatching phase. Similarly, Peprah et al. (2022) emphasized affordability as the main barrier 
to adoption of solar incubators in Ghana, where their design cost exceeded ₦500,000. In 
contrast, the current system achieved comparable hatchability while significantly reducing 
the overall solar power system cost to ₦185,000, making it more accessible for smallholder 
farmers. 
 
Energy analysis showed that the incubator consumed 0.9–1.8 kWh/day, which is lower than 
the values reported by Muleta (2023), who recorded over 1.5 kWh/day in a comparable 
system. The reduced energy demand in this work can be attributed to the use of efficient PTC 
heaters and a compact casing, allowing the system to be powered by a single 300 W solar 
panel paired with a 12 V 100 Ah LiFePO₄ battery. This simplification reduces both the 
hardware requirements and the financial burden on end users. The automation of egg turning, 
as recommended by Thio et al. (2024), was achieved with a low-cost DC motor and timer relay, 
ensuring consistency while reducing labor inputs. This further enhances the system’s usability 
in rural contexts, where farmers often combine poultry with other livelihood activities. 
 
The present study confirms that a solar-powered incubator can be built at a fraction of the cost 
reported in earlier studies while maintaining competitive performance. By balancing low 
material costs (₦99,000 for construction) with an affordable solar system (₦185,000), the 
design directly addresses the dual challenges of affordability and energy independence. This 
makes it a practical, scalable solution for enhancing poultry production in rural Nigeria and 
similar developing regions. 
 
CONCLUSION 
The study successfully designed and constructed a sustainable, low-cost, solar-powered egg 
incubator tailored to the needs of rural poultry farmers in Nigeria, particularly in Kebbi State. 
The incubator, fabricated from locally available plywood and equipped with PTC heating 
elements, a 12 V ultrasonic humidifier, and a motorized egg-turning mechanism, was 
effectively regulated by the STC-3028 thermostat and XY-LJ02 timer relay. Guided by 
Autodesk Fusion 360 models and schematics, local artisans were able to replicate the design 
with ease. 

Performance evaluation confirmed that the incubator consistently maintained optimal 
incubation conditions, with an average temperature of 37.6 ± 0.4 °C and relative humidity 
within recommended ranges (50–60% during incubation and 65–70% during hatching). From 
40 fertile eggs tested, a hatchability rate of 80% was achieved, demonstrating the reliability of 
the system. Energy assessment further revealed a low average load of 75 W, requiring only 
0.9–1.8 kWh per day, which was adequately supported by the designed solar system (3 × 100 
W panels, 12 V 120 Ah LiFePO₄ battery, and 40 A MPPT controller). 

Compared with earlier low-cost models, the developed incubator offers clear improvements 
in affordability, humidity regulation, and energy efficiency. Most importantly, it addresses 
key barriers such as unreliable electricity and limited access to commercial incubators in rural 
Nigeria. By integrating renewable energy with cost-effective local materials and electronics, 
the incubator provides a practical, scalable, and sustainable solution that can enhance poultry 
productivity, boost household income, and strengthen food security in underserved 
communities. 
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