



A COMPREHENSIVE REVIEW ON THE NEED FOR SOLAR POWER IN POULTRY FARMING
Abstract
The use of solar energy is currently regarded as an innovative approach in improving the sustainability, efficiency, and resiliency of poultry systems. The poultry industry requires a constant power source to ensure that crucial activities, including brooding, incubation, ventilation, and lighting, take place efficiently. For this reason, solar-based systems are a viable alternative since they provide a cheap, sustainable, and reliable source of power compared to conventional electrical grids and diesel-fueled systems. In this review, the use of solar energy across the globe within the poultry industry including solar heating systems for brooding and lighting, photovoltaics for ventilation, solar incubators, and Internet of Things-based environmental control systems was categorized and discussed. Contribution of countries from Egypt, India, Nigeria, Philippines, Indonesia, China and Australia, there is clear evidence that the use of solar energy improves performance and profitability by reducing operational costs and increasing hatchability rates and efficiency in feed conversion. Moreover, the incorporation of solar technology aids in environmental sustainability due to reduced emission of greenhouse gases and reduced dependence on fossil fuels. As noted by the review, the use of solar energy can improve economic feasibility, address climate change mitigation, and aid in developing a sustainable poultry industry.
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Introduction
Energy has become a key component in poultry farming as it continues to become more mechanized and dependent on electricity. In rural settings, especially in developing nations, energy sources such as electricity are often unreliable due to blackouts, voltage fluctuations, and increasing costs of energy (Chaureyet
 al., 2004). The impact of unreliable energy sources has been noted to significantly influence poultry output and the health of poultry farms (Sleem& 
Salam, 2024). Therefore, there is a need for farmers to explore other sustainable sources of energy (Doughan& 
Salam, 2023). Solar energy is increasingly becoming one of the best renewable sources of energy in agriculture due to its abundance, consistency, and sustainability (Cui et al., 2020). Solar energy innovations in poultry farms including PV energy systems, solar thermal energy, and solar-powered IoT devices present considerable gains in efficiency and animal health care (Gad et al., 2020). Research has proven that solar energy in agriculture reduces reliance on non-renewable energy, lowers carbon footprinting, and fosters climate resilience in agriculture (Chai, 2025; Gad et al., 2020). In light of the increasing awareness of climate change and carbon emissions, the incorporation of solar innovations in poultry farming becomes essential and inevitable (Sleem& 
Salam, 2024).

The review provides an overview of solar energy technologies, highlighting the ways of application and implementation in other countries for the purposes of poultry production. Research articles and technology reports indexed by SCOPUS are used to provide information on the major areas where solar power is used. The importance of adopting such technologies will also be discussed.

Materials and Methods

The current study employed comprehensive review to assess the need of solar energy usage in poultry farming. The need and importance of solar energy are discussed elaborately and their applications in poultry sector was explained in results and discussion.

Results and Discussion

Current Global Situation
A fast-growing energy transition fueled by climate change, depletion of fossil fuels, and high rates of electricity consumption. Renewable additions to global installed capacity grew by nearly 50% to 510 GW in 2023, marking the fastest growth in 20 years and setting the record for 22 years in a row (IEA, 2023). The share of solar PV in global renewable capacity additions made up three-quarters of all installations in 2023, and solar PV investments globally were above USD 480 billion, surpassing any other source of electricity production (IEA, 2023). Solar generation capacity has doubled in three years to reach over 2,000 TWh, and became the biggest electricity generation source for the third year in a row in 2024, growing by 29% and continuing its record of being the fastest-growing electricity source for 20 years in a row (Graham et al., 2025).
However, despite this tremendous growth, there is a considerable portion of the world's population that is energy-deprived. Currently, 20% of the world's population does not have access to electricity, and projections reveal that even up to 1.2 billion people will be without electricity in 2030, representing 15% of the world's population (Energypedia, 2023). Developing countries depend significantly on imported fossil fuels, which are susceptible to price changes and interruptions, thus posing energy insecurity threats (Saraswatet
 al., 2024). Over-reliance on fossil fuels results in adverse environmental impacts since food production systems relying on fossil fuel energy sources are responsible for about 24% of the world's overall greenhouse gas emissions (Gorjianet
 al., 2022).

Solar energy is undoubtedly the best possible solution to this intersecting problem of energy security and environmental protection. In 2010-2023, the world average levelized cost of energy for concentrating solar energy dropped by 70%, while solar PV module prices kept plummeting, making solar energy the cheapest source of power on most occasions (U.S. Department of Energy, 2024). World renewable electricity generation is predicted to rise up to more than 17,000 TWh by 2030, that is a 90% increase compared to 2023, sufficient to satisfy the electricity needs of both China and the USA (IEA, 2024). Renewable capacity in the world is estimated to grow by 2.7 by 2030, with solar PV generating more electricity than any other renewable source (IEA, 2024). The outlined facts provide solid reasons to implement solar energy in all industries, including farming.
Need for Solar Power in Agriculture

Agriculture is among the energy-intensive sectors that are highly vulnerable to climate change. Therefore, it is vital and strategic for the sector to adopt renewable energy sources for a transition process. As agricultural and food value chains undergo modernisation, there is a need for alternative energy sources for sustainability in terms of environmental resilience and security. Renewable energy sources could be vital in meeting energy demands such as electricity, heat, cooling, and transportation in developed and developing nations' food systems (IRENA & FAO, 2021). The Food and Agriculture Organization (FAO) indicates that numerous processes in the agriculture and food chain are heavily reliant on fossil fuels, accounting for up to 24% of global greenhouse gas emissions (Gorjianet al., 2022).

Among the renewable energy sources, solar energy stands out as the most suitable choice for agricultural uses. The use of solar energy produces electricity without emitting any form of carbon dioxide or causing any form of environmental pollution. Solar energy can be produced even in remote rural areas which have poor agricultural productivity as a result of unavailability of electric power (Sanchez-Molina et al., 2023). The transition to agricultural uses of solar energy has many advantages such as reduction in use of fossil fuel, reduction in emission of greenhouse gases, provision of energy security, and increased earnings for the farmers (Panda et al., 2024). The use of solar energy results in improved technical efficiency among farmers, with a gain of 7.643% reported in case of farmers in Pakistan (Khan et al., 2024).

The adoption of solar power is even more urgent in developing countries. The ongoing problem of lack of modern energy access, including in developing countries, leads to regional disparities, as farmers continue to rely on fossil fuels amid increasing costs (IRENA & FAO, 2021). The absence of electrical supply or renewable energy sources negatively affects the creation of food processing facilities, reducing the availability of nutritious foods, whereas the elevated price of diesel makes its utilization unaffordable for poor farmers (Ringler & Akbar, 2023). According to the World Economic Forum, renewable energy can enable countries to mitigate climate change impacts, increase resilience against price volatility, and reduce energy expenses, which is extremely important as the rise in fossil fuel prices worsens poverty and hampers economic growth in developing nations (Hawkins, 2023).

Need for Solar Power in the Poultry Sector

The poultry industry is becoming one of the fastest-growing livestock industries worldwide due to the rising consumer demand for eggs and broiler chickens, but it is also one of the most energy-consuming agriculture activities. Poultry contributes significantly to global food production, and with increasing demands, intensive production has seen an increase in energy utilization, specifically for HVAC systems, which have become expensive and environmentally unsustainable (Bouteraet
 al., 2025). At all stages of poultry management, electricity is indispensable in providing environmental controls required for bird wellbeing and productivity. In the poultry farm buildings, the average internal temperature ranges from around 32°C for brooding and is progressively reduced as birds grow older and generate heat (Cui et al., 2020). At the early stage of development, chicks are inadequately capable of regulating their metabolic activities in terms of controlling body temperature, and any form of chills or heat stress will cause suboptimal growth, inefficient feed conversion, and vulnerability to diseases (Fairchild, 2009).
It is important to have proper ventilation and cooling systems since birds are extremely vulnerable to the impact of heat stress, particularly in tropical and semi-arid environments. High temperatures reduce the rate of growth, affect the quality of meat, and disrupt protein synthesis. The losses associated with the effect of high environmental temperatures in the U.S. livestock production industry are estimated at USD 1.69 to 2.36 billion per year, while the costs incurred by the poultry industry range from USD 128 to 165 million annually (Nawazet al., 2021). In this case, the inability to regulate temperatures and ventilate environmentally controlled buildings would lead to heat stress. Therefore, it becomes evident that continuous access to electricity is necessary. Incubation is an essential part of poultry production that should be regulated according to specific temperature and humidity parameters. Electricity availability is crucial for attaining high hatchability rates. The poultry housing industry needs accurate monitoring of ventilation, lighting, and temperature for increased productivity; high temperatures and high humidity create substantial production hazards. The ideal conditions for the poultry industry include optimal temperatures ranging from 26°C to 35°C and humidity levels from 60% to 75% (Gad et al., 2020).

However, due to the lack of reliable supply of electricity and increased rates of power, farmers in most developing countries have been forced to rely on diesel generators, which increases their operating expenses and leads to pollution. 
For instance, in the case of poultry farming, the expensive nature of the energy required to meet the needs of heating and ventilation is a major concern in this industry. Heating costs make up the biggest percentage 
of overall production costs in broiler farming (Doughan& Salam, 2023). The poultry business consumes a lot of energy, which involves the use of fossil fuels in the maintenance of a particular temperature that ensures the well-being of chickens. The use of solar energy becomes effective and sustainable since this energy source can provide constant and independent power to a poultry unit located in a rural area. With the help of a 50 kW solar plant, which can be installed in a favorable poultry farm, the payback period can be calculated within 8-12 years, and if there is any contribution from outside in terms of cost-reducing measures like grants or tax benefits, this payback period will become shorter (Eshetie& 
Bekele, 2024). Renewable and sustainable energy sources used in the poultry industry can lead to energy savings of 85%, and the payback period becomes 3-8 years as opposed to conventional heating systems (Cui et al., 2022). Hence, the need for solar energy is not only economic but also related to the health of poultry and sustainability.
Importance of Solar Power in Agriculture

The utilization of solar energy in modern agriculture represents a truly revolutionary approach that addresses both issues of increasingly expensive energy sources and growing environmental degradation related to the conventional model of agricultural development based on fossil fuels. In their assessment of the contribution of agriculture and the food chain to energy consumption and greenhouse gases emissions, CGIAR researchers state that this sector uses around 30% of all the world's energy resources, and consequently contributes to one-third of greenhouse gas emissions each year (Gorjianet al., 2022). Solar energy technologies and power stations do not emit any greenhouse gases in their work. Moreover, according to some studies, the time required for photovoltaic systems to generate energy equivalent to the initial energy used during their production varies between one and four years; besides, the life expectancy of such systems reaches 30 years and more (U.S. Energy Information Administration, 2024). Based on the assessment provided by IPCC, the carbon footprint of solar panels on rooftops is 12 times lower than the carbon footprint of natural gas and even 20 times lower than that of coal in terms of CO₂ emission per kWh of produced electricity (IEA, 2024). 
With regard to economics, solar energy greatly alleviates the financial pressure placed on the farmers. The low-cost nature of solar panels after installation makes it possible for them to produce energy for decades, which gives farmers some breathing space such that they can spend their money in improving other activities within their farm operations (IEA, 2024). In studies conducted in the Philippines, it was established that the use of solar energy for irrigation reduces greenhouse emissions by as much as 26.5 tonnes of CO₂ equivalent per hectare per year, besides helping farmers save up to 11.4 and 378.5 liters of diesel per hectare per year, with an average investment return of 315 percent (Khan et al., 2024; Guno&Agaton, 2022). Moreover, solar energy improves the technical efficiency among farmers who adopt this form of energy; this is attested to by a 7.643% improvement in Pakistan, especially among farmers operating large scale farms and those with substantial agricultural experience (Khan et al., 2024).

Solar energy also provides a solution for one of the most important problems associated with energy accessibility in agriculture. In many parts of the world, especially those that are less developed, energy accessibility is a major issue, and solar energy has provided a solution by providing farmers with independent access to energy, which allows for the operation of irrigation equipment, ventilation, refrigeration, and other essential processes without the need for an electric grid (IEA, 2024). Renewable energy can be highly significant in providing solutions to the energy, heating, cooling, and transportation needs of the food system in both developed and underdeveloped nations, thus helping to address the issues of hunger, drudgery, reducing greenhouse gases emissions, and minimizing the environmental impacts of the food industry (IRENA & FAO, 2021). Agrivoltaic systems have the ability to produce renewable energy through agricultural processes while reducing dependence on fossil fuels, decreasing greenhouse gas emissions, and enhancing water use efficiency by minimizing soil evaporation in areas where water is in short supply (Adeleke et al., 2025; Lee et al., 2023; Gorjianet al., 2022).

Furthermore, there are significant environmental benefits in the long term resulting from the uptake of solar technology in agricultural practices. According to a life-cycle study that analyzed the spatial-temporal development of solar photovoltaic installations on a global scale between 2009 and 2019, there was a net reduction in GHG emissions of 1.29 Gt CO₂-eq, with projected future reductions expected to range between zero and 204.7 Gt from 2020 to 2060. The latter scenario is projected to result in 1.9 times higher GHG emissions compared to 2020 total emissions (Leeet al., 2023). According to Panda et al. (2024), there are multiple economic, environmental, and social advantages in adopting solar energy in agriculture, ranging from reducing fossil fuels, GHG emissions, and promoting energy security and improving farmers' incomes.
Importance of Solar Power in the Poultry Sector

Solar energy has emerged as an indispensable aspect of sustainable poultry farming since it effectively tackles both the environmental and economic drawbacks of using traditional energy sources in such livestock systems. The poultry industry is among the high energy consuming sectors, which need considerable fossil energy to achieve the needed thermal environment for the welfare and productive performance of chicken. 
Such energy consumption is costly and generates high emissions of greenhouse gases (Cui et al., 2022). Adoption of renewable energy sources including solar panels, wind turbines, and heat pumps can substantially lower energy consumption and greenhouse gas emissions in poultry production (Ardiansyah&Siswanto, 2024; Karume et al., 2022; Li et al., 2022; Cui et al., 2022). There have been studies reporting that installation of a 50 kW solar PV plant on a roof of a chicken farm in Shropshire, England could save around £10,854 on annual running cost, produce annual electricity output of 42,200 kWh, saving 75% of energy, and lowering annual carbon dioxide emissions by 11.03 tons (Cui et al., 2020).

Apart from environmental benefits, solar energy significantly contributes to the economic sustainability of poultry farming activities. Studies have indicated that a PV/thermal system installed within a poultry farm could produce 11,867 kWh of electrical power and 30,210 kWh of heat energy annually, offering about 40% energy savings in terms of gas expenses and 70% energy savings in terms of electricity costs, thereby ensuring cost savings sufficient for payback periods of less than six years (Miskatet al., 2023). In one Jordanian study on solar thermal integration into poultry slaughtering plants, it was observed that the installation of a flat plate collector system could meet about 72% of the energy needs of the facility in terms of annual energy consumption and save 1,926,396 kWh annually, which equated to 330,318 litres of diesel fuel per year, with a payback period of 3.8 years and profits 6.6 times the cost of initial investment after 25 years (Jaradatet al., 2024). Besides economic gains, the same study revealed a reduction of CO₂ emissions by about 84% annually, indicating the environmental benefit of solar technology adoption in poultry facilities (Jaradatet 
al., 2024).

The use of solar energy greatly enhances the wellbeing of the poultry population as mentioned in figure 1. The need to maintain constant conditions is critical in determining the efficiency of the birds, which is made possible by the utilization of solar energy in systems since they have stable and reliable performance. If the temperature is lower than the required levels, the birds consume more food to produce body heat hence less meat production, and if the temperature is higher than the required levels, the birds will eat less food to avoid excessive production of heat hence poor production; the efficient use of solar heating is thus essential in every broiler house all year round (Miskatet al., 2023). In the implementation of the smart IoT system using only solar energy to power the system, indoor temperature was maintained within 26°C and 29.5°C, while humidity was within 58% and 65% resulting in 98.6% uptime, and the comparison revealed a drop of mortality rate from 6% to 2% with a 20% reduction in water wastage (Gbaakpen&T
yavnande, 2025). The mortality rate for the kerosene brooding method, electric and kerosene together, and solar energy was 22.38%, 12.17%, and 2.97% respectively (Okonkwo et al., 2025).

The data from the agricultural census of Taiwan indicated that PV technology on poultry farm lowered the death rate of birds by reducing heat stress and that PV users exhibited 5.8% higher income value of poultry products based on their larger production capacity, indicating the potential benefits of solar energy adoption for both welfare and profitability of poultry farms (Lee et al., 2025). Solar energy could be utilized for continuous illumination and ventilation within the poultry farm, with peak solar energy generation occurring during 12–13 p.m. if the panels were mounted on southern direction at 30 degrees; on cloudy days, 12V 100 Ah batteries could power for 38 hours in a 9 m² area, allowing rural poultry farmers to make use of solar energy in two-fold ways (Gad et al., 2020).

Solar energy facilitates the development of the integrated concept of environmental sustainability, cost-effectiveness, and animal welfare. It has been found out that the utilization of renewable and sustainable energy sources used in poultry farms ensures an 85% energy saving for 3-8 years in comparison with traditional energy systems (Cui et al., 2022). The quantitatively modeled influence of power availability on the performance of poultry houses shows a clear relation between a deficit in power and a reduction in the possibility of maintaining adequate air temperatures inside poultry facilities, which indicates that the effective power supply from solar energy is vital for the environmental sustainability and effectiveness of contemporary poultry production (Hrabanskiet al., 2024). Thus, the implementation of solar energy in poultry farms provides greater climate resilience, lowers GHG emission levels, improves performance outcomes, and increases energy security (Sleem& Salam, 2024;
 Gad et al., 2020).



(Authors’ own compilation)

Figure 1: Importance of Solar Energy in Poultry Sector
Applications of Solar Power in Poultry Farming

Solar Heating Systems for Brooding

Solar thermal heat for brooding purposes is among the most commonly used applications of solar energy in poultry farming. In such an application, heat plays a critical role in the survival and proper development of chicks in poultry houses. There are various designs of solar thermal collectors used in poultry houses for hot water and space heating; the best design is the flat plate solar thermal collector whose efficiency is 40%-60% 
and which is extensively applied in chicken farms to lower heating load as well as maintain brooding temperature within 30-35°C (Cui et al., 2020). However, compared to flat plates, evacuated tube solar thermal collectors can raise the temperature of poultry houses to higher levels. It has been noted that the efficiency of such a design could reach 51.5% and above and helps in saving 148.6 kg of carbon dioxide per 1,000 chicks while maintaining a stable temperature in the house for the benefit of chicks (Jalaliet
 al., 2023; Cui et al., 2020).

The Transpired Solar Collector (TSC), or solar ventilation air pre-heater, is a more advanced system for solar heating that is installed as part of the current ventilation system used in poultry house buildings. This system is known as solar wall technology or solar ventilation air pre-heater system and involves using technology within the existing ventilation systems that are typically found in poultry housing; the system may raise the temperature of the incoming air by up to 27°C in most cases; the use of the system is widely applied in poultry houses in countries such as Germany, the United Kingdom, Canada, and the United States (Cui et al., 2020). The temperature obtained from the use of a Trombe wall solar-powered brooding system at the University of Nigeria ranged between 28 to 35°C while the relative humidity was observed to be between 56-82%. The result recorded a total of 2% mortality in the course of nine weeks using 300 days-old chicks, thereby making this brooder viable as an inexpensive and sustainable option for brooding in environments where conventional brooders fail (Okonkwo et al., 2025). A comparison made by Okonkwo et al. (2025) showed a mortality of 22.38%, 12.17%, and 2.97% together with a cost of production per annum for 1,000 broiler day-old chicks of $474.54, $456.34, and $49.1 for kerosene, electric/kerosene, and solar energy systems, respectively (Okonkwo et al., 2025).

Solar-assisted heating system was demonstrated in various case studies from various climatic zones. A green poultry house that was constructed in a semi-arid climate zone in the Bekaa Valley in Lebanon utilized high-efficiency flat plate solar collectors with a thermal efficiency of 0.76 and was mounted on the roof at an angle of 45°; the heated water was circulated using eight fan coils to provide the temperature required at the chick level (Sleem& 
Salam, 2024). The solar-assisted green poultry house generated 643 kWh of electricity through its photovoltaic system for the broiler production process, and no statistically significant difference in average chick weight, mortality rate, and feed intake was reported between solar-powered green and conventional poultry houses, indicating that solar-powered brooding is as good as conventional brooding systems (Sleem& Salam, 2024).
Solar-Powered Incubators

The solar incubators are important for small poultry farmers who are faced with unreliable electricity supply that disrupts the incubation process and results in losses in the number of eggs hatching. Electricity from the grid is not available in the rural parts of Ethiopia, and even when it is, it can be unpredictable and switch off any time leading to the failure of the incubators (Weldekidanet 
al., 2020). The development of a solar poultry egg incubator was accomplished in India, and it maintained incubation temperatures at an average of 37.5° C and humidity levels of 67%. These levels are similar to those found in traditional poultry egg incubators, and the egg hatchability rate was 77%, and the survival rate was 79.2% (Ikpeseniet al., 2022).

More recent technological innovations in solar incubators have brought about more consistency and greater possibilities for remote control. The solar powered IoT-based automatic egg incubator designed and analyzed at Farm Machinery Testing Centre, Regional Agricultural Research Station, Vijayapura, India, was able to maintain an incubation temperature of 36-39°C and relative humidity of 60-65%, resulting in hatchability of 78% and chick survivability of 79.7%; a ten-year techno-economic analysis of the system proved its feasibility and profitability, suggesting an environmentally friendly means of rearing chickens in rural areas (Beergeet al., 2025). An egg incubator powered by solar energy, electricity, and battery analyzed in the Philippines showed that the integration of battery backup with solar energy ensures constant incubation even in case of power interruption, cutting down production costs and preserving hatchability.

The ability to create stable environments through solar incubators is an important benefit of these systems when compared with non-renewable energy sources. The study carried out among smallholder farmers in Africa shows the capability of the devices made with available resources to sustain temperature levels between 37.1°C and 38.0°C as well as relative humidity of 50.6% to 56%, proving that there are sufficient resources of solar energy on the African continent to solve problems associated with low rates of electricity provision to hatcheries (Abutuet al., 2025). As for another example, a solar poultry egg incubator created in Nigeria was able to provide high levels of thermal efficiency (68.7%), sustain chamber temperatures at 37.0°C-39.5°C, and ensure hatchery of eggs at 78.8% and fertility rate of 85.0% (Chukwulozieet al., 2012).
Solar PV Systems for Lighting, Ventilation, and Automated Farm Operations

Solar power systems have been applied to provide power for lighting, fans, automatic feeding equipment, and drinking water facilities. The use of photovoltaics for HVAC and lighting devices in poultry houses has become widespread; photovoltaics provided electricity for lighting devices, which affect bird growth, help maintain an optimal environment, thus increasing egg production, and reduce dust and diseases in poultry by powering ventilation systems, resulting in a reduction of operating costs ranging from 30% to 85% for feeders used in broiler chickens (Cui et al., 2020). The cost of energy is the second most expensive item for poultry farmers, and energy is needed to operate a number of vital processes, such as lighting, heating, ventilation and air conditioning, and driving motors in feed lines; because of the rising cost of energy, poultry farmers should utilize solar energy options (Gad et al., 2020).

Studies conducted in Bangladesh have provided evidence to the improved performance through solar lighting and ventilation of rural poultry houses. In a study where a flat-plate solar collector and PV system was incorporated into a Bangladesh poultry house, the system achieved 71.6% efficiency for the solar heating system, 12.5% for the PV system, producing optimum poultry of 2.29 kg with the feed conversion ratio of 1.45 kg feed/ kg gain, an ammonia level of 13.65 ppm by week five, and costing $1.12/kg, achieved under solar power operation (Gad et al., 2020). Solar-powered ventilation when compared to natural ventilation has resulted in significant improvement in weight of produce (1,870g vs. 1,682g), a better feed conversion ratio (1.98 vs. 2.66) and decreased mortality rate to 4.5% as opposed to 10.5% under natural ventilation (Gad et al., 2020).

The contribution of solar-powered lights in controlling bird behavior and productivity is just as much studied. Solar-powered LED light systems use about 80% less electricity than conventional incandescent lights, last tens of thousands of hours, and allow programming of adjustable lights according to the birds' ages for maximum growth while minimizing energy use (Philip Malherbe, 2023). A 50 kW solar photovoltaic system installed on the roof of a chicken farm in Shropshire, England, produced 42,200 kWh per year, which amounts to about 75% energy saving, while minimizing the carbon footprint by 11.03 tons per year; similarly, a ground-mounted 49.82 kW solar photovoltaic system at Cramble Cross Farm saved about 85% energy annually (Cui et al., 2020).

Solar-Powered IoT and Smart Monitoring Systems

The deployment of environmental monitoring systems using IoT technology with solar energy as the source constitutes one of the best advancements in recent times concerning poultry farming. Due to climate change and global warming, the poultry industry is greatly affected, more so the broiler industry because of the immune system sensitivity of broiler chickens; nonetheless, regular monitoring and controlling of farm environmental parameters via IoT-based smart systems will go a long way in reducing the harmful effects of the environment on the health of chickens, which in turn increases meat production (Tossaet al., 2025; Leonget al., 2024
). An IoT-based automated monitoring and control unit (AMCU) for small-scale poultry farms showed high correlation (r > 0.96) in temperature, humidity, ammonia, and methane measurements when comparing AMCU with commercial devices that were the reference points, and its construction cost USD 76, while the cost of commercial devices was USD 321, showing that AMCU had similar functionality but only at 11.68% of the commercial cost (Elwakeel, 2025).

IoT systems run on solar power enhance productivity in various ways, including making it easier to make quick decisions based on data collected. An IoT system powered exclusively by solar energy in a prototype chicken coop kept the temperature indoors at 26°C to 29.5°C and relative humidity at 58%-65%, attained 98.6% availability, and recorded bird mortality dropping from 6% to 2% while water waste decreased by 20%, illustrating the capacity of inexpensive, efficient IoT-solar systems to boost the efficiency of poultry farming, especially in less resourceful settings (Gbaakpen&
Tyavnande, 2025). A monitoring system for smart poultry farm developed in Nigeria that used solar power as an energy source monitored variables such as temperature, humidity, and ammonia gas, among others, controlled the feed and watering systems as well as the ventilation system, thus reducing mortality rates and increasing productivity without the need for constant human intervention (Orakwue, 2022).

The use of solar energy for smart farming systems has proven to be quite effective in various aspects of the agricultural process. The implementation of an IoT system comprising ESP32 controllers and sensors for detecting ammonia, hydrogen sulfide, temperature, and humidity, where relay modules-controlled exhaust fans and water pumps to prevent excessive gases from accumulating and regulating temperatures while sending SMS to farmers with the help of a GSM module provided a full-scale automatic environmental management mechanism (Anisha et al., 2024). With the expansion of the implementation of sensor devices along with actuators for automation and control, it becomes possible to make timely changes in the environment depending on the results obtained by the sensors which provide for greater intelligence of the farm, requiring fewer manual actions, while including such elements as lighting and air quality will make the whole process more holistic (Leonget al., 2024). As mentioned above, solar energy not only reduces energy expenses but also leads to higher rates of hatchability and lowers mortality while improving feed conversion ratios (Lee et al., 2025; Cui et al., 2020). The involvement of countries in using solar energy technologies in poultry sector has been listed in Table 1 as it discussed the different applications and benefits of using solar power in poultry sector.
Table 1: Countries using solar technology used and its applications with benefits

	Country
	Solar Technology Used
	Key Applications in Poultry Farming
	Benefits 

	Egypt
	Solar thermal collectors, Photovoltaic (PV) systems
	Brooding, hatchery heating, ventilation, lighting
	Helps to save energy, maintain stable temperatures in dry environments, reduce carbon footprint, and aid rural poultry management systems.

	India
	Solar PV, IoT-integrated solar systems, solar incubators
	Egg incubation, environmental monitoring, ventilation, automation
	Facilitates precision agriculture, boosts production efficiency, saves time, solves power inconsistency in rural regions.

	Philippines
	Solar incubators, Solar PV with IoT
	Egg incubation, environmental monitoring, rural electrification
	Provides consistent hatchability rates, eliminates reliance on the electrical grid, increases livestock productivity, and farm efficiency.

	Nigeria
	Solar brooding systems, Solar PV
	Chick brooding, heating, basic farm operations
	Decreases chick deaths, reduces diesel consumption, cuts operational expenses, and boosts sustainability.

	Indonesia
	Solar hybrid systems, Solar-assisted pyrolysis
	Poultry waste management, heating systems
	Recycles waste for energy generation (biochar), reduces environmental pollution, and enables circular economy strategies.

	China
	Solar pyrolysis, Hybrid solar systems
	Waste-to-energy conversion, heating, integrated farm energy systems
	Boosts waste management efficiency, optimizes energy efficiency, and encourages sustainable large-scale poultry systems.

	Australia
	Large-scale Solar PV, Battery storage systems
	Ventilation, automated feeding, lighting, full farm operations
	Saves energy costs, increases energy self-sufficiency, and boosts large-scale commercial poultry farms.


(Authors’ own compilation)

Egypt: Solar Thermal Efficiency in Arid Poultry Systems

Solar energy has great significance in Egypt due to the high demand for energy supply and severe weather conditions in poultry farms. Egypt relies heavily on solar thermal collectors to heat poultry houses during brooding and to maintain the required temperature in these units. This is critical in keeping the chicks alive and growing in harsh weather conditions. Solar photovoltaic technology is used to power lights and fans, which help regulate the climate in the poultry farm units. The significance of solar energy in Egypt is mainly attributed to the fact that it helps reduce the use of traditional energy sources like diesel fuel and electricity from the national grid. This makes it cost-effective and eco-friendly since there will be no emission of greenhouse gases (Abdel-Hady et al., 2025; Gad et al., 2020; Mostafa &Aboelezz, 2015).

India:Integrated Solar and Smart Poultry Technologies

In this regard, India has become one of the pioneers in the use of solar technology in poultry farming, especially through the use of solar technology in conjunction with other sophisticated forms such as IoT and automation. Solar incubation ensures constant and adequate temperatures and moisture, which improves the hatchability rate and lowers costs. Also, the solar IoT enables monitoring of environmental factors such as temperature, humidity, and ammonia levels to provide an ideal condition for birds. Significance of solar technology in India involves its ability to overcome problems of irregular power supply in rural settings, reduce labor dependence, and increase productivity through precise farming (Balamuraliet
 al., 2025; Cheepati&
Balal, 2024; Bhattacharyya et al., 2022).

Philippines: Solar Adoption in Rural Poultry Electrification

In Philippines, Solar energy holds particular significance with regard to poultry production in rural and remote regions. The use of solar systems in egg incubation ensures that there is sufficient temperature and humidity within such systems regardless of the power cuts in the area. Solar systems in monitoring poultry farm environment helps achieve better control of poultry environment. The importance of the adoption of solar energy in the Philippines can be attributed to the improvement in the health status of birds, reduction of cost, and resilience to unstable power supply (Elwakeel, 2025; Franco &Taeihagh,2024).

Nigeria: Solar Brooding for Cost Reduction and Chick Survival

The country has embraced the use of solar energy mainly due to problems faced concerning irregular electric energy provision as well as high fuel prices. The application of solar energy in brooding of poultry is crucial because it ensures that enough heat is provided when young chicks require it, thus reducing death cases. The significance of solar energy in Nigeria is the fact that the use of such technology will help reduce reliance on diesel-powered generators, lower the cost of energy, and minimize pollution (Ogunobo&Onyenanu, 2025; Okonkwo et al., 2025; Eni &Akinbami, 2016; Chineke&Ezike, 2010).
Indonesia and China: Solar-Based Waste-to-Energy Innovations


Indonesia and China have contributed to the use of solar energy through the incorporation of such technology with poultry waste processing techniques. Using solar-assisted pyrolysis technologies, poultry waste can be converted to biochar and renewable energy without causing environmental pollution and earning extra revenue from the process. Hybrid solar technologies also assist in providing steady heating and energy supply regardless of the absence of enough sunlight. Solar energy is crucial to these countries due to its contribution to creating sustainable poultry production systems using the concept of circular economy (Zhang et al., 2025;Jalaliet al., 2023; Setiawanet al., 2022; Weldekidanet al., 2020).

Australia: Large-Scale Commercial Solar Integration

Australia is characterized by the highest degree of utilization of solar energy in the poultry industry. Poultry companies have adopted the use of solar panels to provide electricity to fans, automatic feeders, and lighting equipment. Solar energy plays an essential role in Australia because it helps to cut electricity costs, increase energy autonomy, and increase operational efficiency. This adoption of solar energy in poultry production showcases the benefits of harnessing solar energy in industrial poultry production (Copley et al., 2023; Brothers et al., 2016).

Conclusion

The present review establishes that solar power serves not only as an alternative energy source but also as a practical and context-driven solution for enhancing poultry production systems. Evidence from countries such as Egypt, India, Nigeria, and the Philippines reveals that solar technologies effectively address major operational challenges, particularly in areas such as brooding, incubation, ventilation, and environmental monitoring. The findings indicate that solar-based systems significantly improve temperature regulation, energy stability, and environmental management, which are essential for better chick survival, growth performance, and hatchability. Compared to conventional energy sources, solar applications reduce recurring energy expenditures and minimize the risks associated with power interruptions, making them highly suitable for rural and off-grid poultry operations. In addition, the integration of solar energy with advanced technologies such as IoT facilitates precision management, thereby enhancing decision-making and overall farm efficiency. However, the extent of benefits varies depending on factors such as climatic conditions, farm size, and the degree of technological adoption. Overall, solar energy plays a vital role in promoting a resilient, economically viable, and environmentally sustainable poultry sector, with substantial evidence supporting its contribution to improved productivity and reduced reliance on fossil fuels.
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