


 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 وعرفان شكر

 

 والتميز الإبداع على ومحفزة مميزة تعليمية بيئة لنا وفرت التي والأكاديمية، الإدارية كوادرها بكافة وتكنولوجيا علوم كلية إلى والعرفان الشكر بجزيل أتقدم.

 
 مسيرتنا طوال والإرشاد. والنصح بالدعم علينا يبخلوا ولم والمعرفة، العلم دروب لنا أضاءوا ومعلم، موجه خير لنا كانوا فلقد .ولقبه باسمه كل الأفاضل، الميكانيكية الهندسة قسم أساتذة إلى والتقدير الشكر بخالص أتوجه كما

 والتقدير الامتنان بخالص نتقدم فهمنا، وتعميق مهاراتنا صقل في القيمة لجهودكم .الدراسية



  خطوة كل في هدايته و توفيقه عل واشكره الصالحات تتم بنعمته الذي لله الحمد                                                

 العمل  هذاخطوتها في                                                                                       

 إهداء
 "العَالَمِينَ  بِ 'رَ  لِلِ  الحَمْد أنَِ  دَعْوَاهم وآخِر"                

 نالها لها أنا قال من الختام عند و البدء عند لله الحمد                          

 

ة ولم تكن سهلة ولم يكنإله لا يطيب الليل إلا بشكره ولا يطيب النهار إلا بطاعته ولا تطيب اللحظات إلا بذكره الله جل جلاله انتهت الرحلة. لم تكن الرحلة ق صير  

ي بحلوها ومرها
 الحلم قريبا ومهما طالت فستمض 

ي ولمن أحمل اسمه بكل افتخار طاب بك الع ي وكافح من أجلي الى المصباح الذي انار درن 
ي اللحظة أكير فخرا اهدي عملي هذا الى من ربان 

 
ىوف ي عمرك لير

 
مر يا سيد الرجال وطبت لىي عمرا أرجو من الله ان يمد ف   

ي العزيز                                                                                                                              ثمارا قد حان قطفها .. ان 

ي واعز                                                                               
ي الحياة ومعن  الحب وقرة عين 

 
ي  الى ملاكي ف

 
ي ف

ي وأرشدتن 
ي رافقتن 

ي النر ي وجنة قلن 
 ما أملك الى بسمة الحياة وسر الوجود الى من كان دعائها سر نجاحي وحنانها بلسم جراحي الى غالينر

ي .. امي الغالية حفظها الله                                                                                 
 كل مشاوير حيانر

ي الحياة ها أدامكم الله ضلعا ثابتا لىي                                                                                                                                                   
 
ي انيس وملاك وادم سندي ف

 إلى أخوانر

ي  لىي ̋ حقيقيا ˝وسندا̋ داعما كان الذي ، مهدي عزيزي إلى                                                      
 
ه عل الشكر كل فله خطوة، كل ف ي  كل إلى و وتشجيعه صي 

 استثناء بدون أصدقان 

ي  إلى الصادقير   والامتنان بالشكر أتوجه                                                                                                             
ي  زميلنر

 
ي  لقد .انتصار العمل ف

ي  رفيق خير  كننر
 
ة هذه ف  الدراسية المسير

، "منصر نور الدين وبوعزيز عماد الدين ." لقد كان لدعمهم ال ي فير  الكرام عل مذكرة تخرح  ي المشر
، أقدم خالص الامتنان والتقدير لأساتذنر ي علمي الثمير 

ي إثراء هذا العمل البحنر
ي لا تقدر بثمن، الأثر الأكي  ف 

تهم النر  هذا إثراءوتوجيهاتهم السديدة، وخي 
ي  العمل

 .البحنر
 .والختام التمام حسن عل لله والحمد                               

 

 

 روان عماري



 الرحيم الرحمن الله بسم

 "قولي يفقهوا لساني من عقدة واحلل أمري لي ويسر صدري لي اشرح بِ 'ر"

 إهداء

 ودعائهم. بحبهم غمروني من وإلى والعون، السند لي كانوا من إلى والتقدير الشكر بخالص أتقدم والتفوق، بالنجاح الدراسية مسيرتي تكلل لحظات في

 الً، أو نفسي إلى

 ما وعلمنا علمتنا، بما انفعنا اللهم".والنجاح  العلم من لمزيد بداية يكون أن الله سائلة إليكِ، العمل هذا أهدي .للعلا وطمحت الليالي، وسهرت التحديات، غمار خاضت التي.

 "علمًا وزدنا ينفعنا،

 أجلي، من الليالي سهروا من إلى

 بالذكر وأخص وتقدمي، تعليمي سبيل في جهداً يدخرا لم اللذين اللامحدود، والعطاء الحب نبع إلى:

  العلم طريق لي مهدت التي وتضحياتك فضلك وصف عن تعجز الشكر كلمات .الحياة دروب في سندي ويا الحكمة، ومنبع الحسنة، القدوة لي كنت من يا: الحبيب والدي. 

  لكِ مني كل الحب والامتنان .خطوة كل في لي والعون السند نعم زلتِ  وما كنتِ  والحب، بالدعاء دربي أنارت التي منارتي ويا والكرم، الفضل سيدة يا: الغالية والدتي. 

 الدرب، رفاق إلى

 أن إلا يسعني لا المقام، هذا وفيوالمعرفة  العلم دروب ازدانت ودعمكم وبوجودكم والعون، السند نعم لي كنتم الشفاء، وأمنية أحلام وأخواتي ورائد، عادل الأعزاء، إخوتي إلى.

 أسأل .قلوبنا في حاضرة تظل الطاهرة وروحها الطيبة ذكراها لكن بجسدها، عنا رحلت التي الغالية أختي أتذكر

 جناته فسيح يسكنها وأن والمغفرة الرحمة لها الله.

 الأفاضل، أساتذتي إلى

 العمل هذا إثراء في الكبير. الفضل له وكان القيمة، ونصائحه بتوجيهاته أضاء الذي ،الدين نور منصر الدكتور الفاضل مشرفي إلى وتقديري شكري خالص عن أعرب

 والامتنان الشكر جزيل مني فله وجهده، بوقته علينا يبخل لم الذي الدين، عماد عزيز بو القدير الأستاذ وإلى.

 لي، عوناا كان من كل إلى

 وتشجيعه.صبره  على والامتنان الشكر كل مني فله .حضوره وشجعني مثابرته، ألهمتني خطوة، كل في لي وداعم سند خير كان الذي يوسف، عزيزي وإلى

 المستمر ودعمها تعاونها على روان، العمل في زميلتي وإلى.

 الصالح.والعمل  العلم من المزيد يرزقنا وأن للجميع، ونافعاً الكريم لوجهه خالصًا العمل هذا يجعل وأن القادمة، خطواتي في والسداد التوفيق الله أسأل

 "الوهاب أنت إنك رحمة لدنك من لنا وهب هديتنا إذ بعد قلوبنا تزغ لا ربنا"
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General introduction 
 

 
The poultry industry has witnessed substantial growth globally, driven by increasing demand for 

affordable and high-quality animal protein. Maintaining optimal environmental conditions in 

poultry houses is essential to ensure the health, welfare, and productivity of the birds. Among the 

various factors influencing poultry performance, thermal management, especially heating during 

cold seasons, is a critical aspect. 

Traditional heating methods for poultry houses predominantly rely on fossil fuels such as coal, 

wood, gas, and diesel. These systems, while widespread, present significant drawbacks including 

high energy consumption, operational costs, emission of harmful pollutants, and negative impacts 

on bird health. The growing environmental concerns and the push toward sustainable farming 

practices have sparked interest in innovative heating solutions that integrate renewable energy 

sources and advanced thermal storage technologies. 

Phase Change Materials (PCMs) and other heat storage systems have emerged as promising 

technologies to improve heating efficiency in poultry farms by storing thermal energy and releasing 

it when needed, thereby reducing energy consumption and enhancing temperature stability. This 

research aims to experimentally investigate a poultry house heating system enhanced with thermal 

storage, focusing on the integration of PCMs to achieve improved energy efficiency and 

environmental sustainability. 

The thesis is organized into three main chapters: 

The first chapter presents a comprehensive review of previous research related to poultry house 

heating systems and thermal storage technologies. It explores various heating methods, the role of 

renewable energy, and the application of PCMs for thermal energy storage. The chapter highlights 

experimental and numerical studies that assess the performance of heating systems, focusing on 

energy savings and the maintenance of optimal environmental conditions for poultry. 

The second chapter provides a detailed overview of existing heating technologies employed in 

poultry farming. It covers traditional heating systems, including solid fuel, gas, electric, and diesel- 

based heaters, along with their advantages and limitations. Modern heating systems based on 

renewable energy sources such as solar, biomass, geothermal, and infrared technologies are also 

discussed. Furthermore, this chapter addresses the importance of heat storage systems and control 

strategies to improve energy efficiency and reduce environmental impact. 

The third chapter describes the experimental setup, materials, and methods used to evaluate the 

proposed poultry house heating system enhanced with a phase change material-based thermal 

storage unit. It includes the design of the system, measurement techniques, and data analysis 

procedures. The results section presents findings on the system’s thermal performance, energy 

consumption, and impact on indoor environmental conditions. Finally, conclusions are drawn 
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regarding the effectiveness of the integrated heating and storage system and recommendations for 

future work are provided. 

In summary, this study identified best practices for implementing efficient and sustainable heating 

systems in poultry houses and provided actionable recommendations to enhance performance while 

minimizing environmental impact. This structured approach facilitates a comprehensive 

understanding of both the theoretical foundations and practical applications of advanced heating 

solutions in poultry farming, ultimately contributing to the development of sustainable and efficient 

poultry production systems. Finally, the work concludes with a general summary that highlights the 

key findings and outlines potential directions for future research. 
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I.1. Introduction 

Given the significant growth witnessed by the poultry industry, there is a need to explore 

innovative and sustainable solutions to enhance productivity while reducing costs. Heating systems 

in poultry houses are critical factors affecting both the safety and productivity of poultry, especially 

in areas with cold or variable climates. This study aims to investigate and evaluate the performance 

of a poultry house heating system that incorporates a thermal storage solution, with a focus on 

incorporating phase change materials (PCM) and advanced thermal storage technologies. Our 

research is based on a comprehensive analysis of previous studies that have explored different 

elements of heating and thermal storage systems within poultry farms. These studies include 

experimental investigations and mathematical models designed to improve the efficiency of heating 

systems and reduce energy consumption. Through this research, we aim to provide valuable insights 

into the development of heating mechanisms in poultry houses using advanced thermal technologies. 

I.2. Brief history of heating devices 

Solar photovoltaic systems for power generation in poultry houses play an important role in 

poultry production. Ernest F. Bazen and Matthew A. Brown [1] reviewed the advantages and 

limitations of these systems. Given the steady growth in recent years in the poultry industry in 

Tennessee, they sought to investigate the impact of alternative energy programs, grants, and other 

incentives on the feasibility of solar photovoltaic systems in several solar areas within the Tennessee 

poultry industry, in order to maintain the economic viability of poultry production in the state given 

the high costs of materials used in the production of solar photovoltaic panels, the economic viability 

of adopting solar photovoltaic energy for poultry producers was evaluated in each of the five 

Tennessee communities. Initial results showed that incentives above current levels prior to the 

adoption of solar photovoltaic systems would be financially beneficial. 

Marcelo Bastos Cordeiro et al [2], conducted a study to evaluate the effect of different heating 

systems for poultry houses on the thermal comfort and animal performance of broiler chicks raised 

in the winter period in the southern region of Brazil. A randomized block design was used, with three 

heating systems. The heating systems evaluated were: wood-fired oven (indirect air heating); infrared 

gas bells; Infrared gas bells; and radiant heating drums with supplementary heating from gas-fired 

infrared bells, were used in three poultry houses with 17,700 birds (Cobb) per house to evaluate the 

thermal environment and animal performance. The results showed that the drum and bell system is the 

most efficient in maintaining the temperature and relative humidity of the air at a state of thermal 

comfort for the birds. Thus, it provides better weight gain, feed conversion and production efficiency. 

E. Mirzaee-Ghaleh et al [3] , experiments were conducted in a typical poultry house with a length 

of 3-4 meters and an average height of 2.90 meters containing 100 broiler chickens (Cobb breed), 

with feeding and drinking water facilities as shown in Figure (1), aiming to monitor the indoor 

climate management and compare fuzzy logic and on/off controllers in a typical poultry house at the 

University of Tehran, Karaj, Iran , Three fuzzy logic controllers were developed and tested to maintain 

the internal parameters (temperature, humidity, CO2 and NH3) at the desired values using LabVIEW 

software. The results showed that the fuzzy controller provides better response for temperature and 

humidity. For fuzzy controller, the percent of working time in which 
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temperature and relative humidity were maintained in less than ±1 C and ±5% from the set points 

were found to be 78.76% and 96.83%, respectively. These percentages for on/off controller were 

calculated as 31.36% and 68.35%. Results showed that the mean value of CO2 concentration with 

on/off controller (1124.64 ppm) was lower than that of fuzzy controller (2582 ppm). However, NH3 

concentration was the same for both controllers. It was found that the maximum energy consumption 

was for heating the poultry house. The mean value of total power consumption by the actuators for 

fuzzy system was found to be 389.59 kJ/h which is 42% lower than that of on/off controller (664.49 

kJ/h). 

 

 

Fig. 1. Model poultry house uses for experiments. [3] 
 

 

 

Fig.2. Floor plan for a 16-pen poultry house [4]. 

 

 

In the context of searching for permanent solutions for poultry farming, Fawaz et al. [4]. 

developed an innovative model for a local ventilation and heating system based on solar energy. 
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The researchers used a three-dimensional (CFD) model to analyze the efficiency and performance 

of the system. The results showed that high heating efficiency was achieved, which led to 75% 

energy savings compared to traditional systems. The thermal load was also reduced by 65% (Figure 

2), as the system contributed to meeting heating needs using solar energy by 84%, which enhances 

environmental sustainability (Figure 3). 

 

 

 

Fig. 3. Solar-assisted heating system [4]. 

 

In their study conducted, Kyeong-seok Kwon et al [5] , discussed the importance of controlling 

the airflow path through the vents to stimulate heat exchange in poultry houses especially during 

winter. They discussed the jet distance model to establish a cold jet path control and management 

plan proposed by Zhang and Strom (1999) (Figure 4) . However, they encountered difficulties in 

quantitative and qualitative assessments of the visible airflow and the specific number of vent 

openings, to address these limitations and difficulties, a computational fluid dynamics (CFD) 

simulation was performed to analyze the thermal distribution of the ventilation area by calculating 

the jet and droplet distance on a commercial chicken coop with multiple vents qualitatively and 

quantitatively, in Seoul, Republic of Korea. Their regression models were used to validate the 

accuracy of the developed method and compared it with the jet distance predictions using the 

experimental conditions used by Strom & Zhang (1999), the results showed that in the validation 

test, the regression model using the corrected Archimedes number more accurately predicted the 

jet-drop-distance in the simulation model (R2 = 0.90). The validated method was subsequently 

applied to the analysis of the jet-drop- distance in a mechanically ventilated broiler house with 

multiple slot-openings. Trends of the CFD computed jet-drop distance were analyzed according 

to such variables as ventilation rate, initial angle of slot openings and outdoor air temperature. 
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Fig. 4. Concept of the jet-drop-distance in a broiler house. [5] 

 

G. Zhou, M. Pang [6], An experimental and simulation study was conducted on the thermal 

behavior of a collection wall system (Trump Wall) stored using PCM for a full day in Beijing 

(China), Zhou, Pang A collection and storage wall system was establish using PCM on the lower 

floor of a building where the environmental temperature changes little, insulated by a curtain 

installed between the glass and the wall that can be removed during the unloading process to reduce 

heat losses and also serves as a target for passive solar heating, With the addition of a solar radiation 

meter to measure the flow of radiant energy emitted by the lamps as shown in Figure (5,6) 

, the study was conducted during the day (6.5 hours of charging process) to increase thermal storage 

and during the night (17.5 hours of discharging process) to release heat into the room through air 

circulation. The results showed as follows: The temporary surface temperature of the gap side of the 

PCM board Tw, Ch first rises rapidly, then slowly then quickly again during the charging period; 

While in the unloading period tw,ch first decreases sharply and then decreases slightly for 15 hours, 

which indicates the release of heat in the form of latent heat for a long time, the temperature on the 

PCM panel surface ascends with the increasing of height but not evenly, and the top thermocouple 

which is near the outlet vent gives descending temperature due to the cooling effect from the 

surroundings, the gap air temperatures, glazing temperature and internal temperature are similar. 

Both air flow rate fluctuates the rate of heating by air circulation up and down during the charging 

period, and then shortly after the initial sharp declines, remains at values almost constant during the 

emptying period. The internal temperature was found to be higher than 22°C during the entire 

discharge period (17.5 hours) under the current circumstances, which indicates that indoor thermal 

comfort can be maintained for a long time by using PCM in the collector and storage wall system. 

In order to provide ideal environmental conditions in poultry houses. Numerical modeling of heat 

and mass transfer processes. By Fernando Rojano et al [7]. Where CFD was used as a tool to analyze 

and predict the performance of heating and ventilation systems on the indoor climate and air quality 

in poultry houses, where the models showed good agreement between the predicted values and the 

experimental data of the indoor climate, with a low margin of error, the RMSE for temperature was 

recorded at 1.0 °C, and the RMSE for humidity at 0.26 g [H2O] kg−1. 
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The study noted that the distribution of heat and humidity was well homogeneous across the 

house, especially when using low temperatures and heating through the energy source - (Figure 7) 

The system can maintain heat during the night or during non-active times, which will contribute to 

saving energy and creating a better environment for the healthy growth of poultry. 
 

 

Fig. 5. Schematic sketch of the experimental setup. [6] 
 

 

 

 

Fig. 6. The photo of the experimental system. [6] 

 

A numerical model was conducted by Jacek Kapica et al. [8] where programs were used to analyze 

and evaluate the performance of Matlab/Simulink systems and calculate the heat requirements for 

up to 2400 birds. The study indicated that a larger system could lead to a reduction in CO2 emissions 

(Figure 8). The calculations also showed that the effective use of thermal units could reduce heat 

consumption by 75%, where the reduction in emissions could range from 0.11- 0.22 kg per kg of 

bird mass. The researchers concluded that it is possible to benefit from renewable energy such as 

solar and wind energy in improving the sustainability of farms. 
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Fig.7. Boundary conditions of the domain studied [7]. 

 

Shaun Smith et al [9]. conducted a study of three multi-house broiler farms (Farms A, B, C) 

stocked with Ross 308 birds. Farm A consisted of four broiler sheds, each holding 35,000 birds. 

Three of the houses were equipped with direct gas heating systems and the fourth house was 

equipped with a “cobo” heating system. Farm B consisted of five broiler sheds, each holding 28,000 

birds. Four of the houses were heated with direct gas heating systems system, and finally, Farm C 

consisted of three broiler houses, each with a capacity of 27,000 birds, two of which had direct gas 

heating systems while the third house was heated with a “wood pellet” stove (Solutions Energy Lee, 

USA). The farms were sampled during a year (June 2013 to June 2014) in Ireland as shown in Figure 

(9) .to compare the effect of three indirect heating systems on direct gas heaters on the population, 

results showed that indirect heating systems did not affect bird welfare, flock performance or 

Campylobacter. 
 

Fig. 8. Diagram of the Simulink model [8]. 

However, significant differences in litter quality, CO2 concentrations and bird responses to stress 

associated with farm management practices have implications for optimal poultry production. 

Campylobacter disease was more likely to become established in broilers at later stages of flock life 

(≥22 days) than in young birds, regardless of heating system. 
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Fig. 9. Indirect heating system diagrams [9]. 

 

 

A. Costantino et al [10], a simulation model for estimating energy consumption for climate 

control in broiler houses was performed based on the simple hourly method adaptation of ISO 13790, 

to evaluate animal welfare for energy consumption for heating, cooling, ventilation and key indoor 

environmental parameters. The computational model, whose structure is based on five computational 

steps, was developed and its outputs were compared with a dataset obtained during a monitoring 

campaign in Italy, it was noted that the model proved to be reliable in terms of environmental criteria 

and energy consumption estimation. The scope for improvement lies in predicting relative humidity, 

taking into account the moisture storage characteristics of the envelope, ensuring the tuning of the 

evaporation pads modelling and enabling further improvements in the form of a more user-friendly 

interface and considering more aspects,  for example, calculating the thermo-humidity velocity 

index (THVI), to estimate the heat stress conditions of birds on an hourly basis. 

Mohamed S. Yousef and Hamdy Hassan [11], an experimental evaluation of the performance 

of the solar distillation system with a PCM storage unit was conducted in terms of energy, thermal 

energy and economy using two technologies: copper hollow pin fins embedded inside the PCM and 

the use of mesh wool fiber (SWF) in the basin of the solar distillation device with PCM. The study 

was carried out in four cases: the traditional distillation device, the distillation device with PCM, the 

distillation device with PCM and PF, and the distillation device with PCM and SWF, and compare them 

with each other, The distillation device was designed and built to examine the effect of integrating a 

PCM storage unit on the productivity of fresh water and thermal energy in solar distillation devices 

in Egypt, as shown in Figure (10,11) , which was carried out according to the following procedures: 

Before making any experimental measurements, during each time measurement and making sure that 

the correct measurements are taken, the amount of fresh water collected is carefully measured and 

recorded, repeating the previous two steps (3 and 4) at each time step, and finally the end. Full 

day's readings. It was noted that the total daily cumulative yield of fresh water for the distiller 

equipped with PF-PCM, which was estimated at 
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3.81 Kg/m2 h, was greater than the traditional distiller, the distiller equipped with PCM-SWF, and 

the distiller equipped with PCM. As for enhancing productivity, the distiller equipped with PCM- 

SWF during the day was 14%, with productivity during the night decreasing by 14%. 80% compared 

to the PCM-based distillation device, The total daily thermal evaporative energy of the distiller 

equipped with SWF-PCM was greater than that of the conventional distiller, Distillation with PCM 

and Distillation with PF-PCM, The average energy efficiency of the distillation device equipped with 

PF-PCM technology was 37.5% , which is greater than the energy efficiency of other devices, With 

the PF-PCM the highest cumulative daily water productivity and energy efficiency were achieved, 

however, With SWF- PCM the highest energy efficiency is achieved. 
 

 

Fig. 10. Schematic diagram of the single type solar distillation with PCM-based pin fin 

heat sink [11]. 
 

 

Fig. 11. A photographic of the setup of the solar still with PCM and steel wool fibers [11]. 

 

In the effort of the effort, a numerical model was developed to analyze by Wei Chen Wei li. [12] 

The thermal performance of a composite wall was evaluated where it was integrated with phase change 

materials (PCM) (Figure 12). The results showed that this design contributes to increasing the 

thermal storage efficiency compared to conventional systems. It was found that the 
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use of the composite wall leads to a temperature increase of 20.2%. The thermal efficiency of the 

wall was estimated at 76.2%. This indicates that a large proportion of the stored heat can be used for 

heating at night. 

 

 

Fig. 12. Schematic of a passive solar composite wall with encapsulated PCM 

parti [12]. 

 

 

In addition to developing materials and heat transfer methods, Idris Al-Siyab and researchers 

also studied [13] the effect of design factors such as tilt angles on the performance of heat storage 

systems. An experiment was conducted to explore the dissolution characteristics of a thermal energy 

storage system using phase change materials (PCM) by creating a pilot set consisting of a circular 

thermal storage system. Paraffin wax was used as the phase change material, and a model was 

designed using COMSOL to study the effect of different tilt angles (0°, 45°, and 90°) on the 

performance of the system (Figure13). The results showed that the tilt angle has a significant effect 

on the temperature distribution in the storage system, as it was observed that the melting rate was 

higher at the tilt angle of 45° compared to the other two angles. This is due to the improved 

convection movement and uniform heat distribution. Numerical modeling also showed that the flow 

of liquid PCM inside the storage system was proportional, which affected the melting rate of the 

material. In addition, increasing the heat transfer fluid (HTF) flow rate from 60 mL/min to 120 

mL/min did not significantly affect the melting time, but increasing the HTF temperature reduced 

the PCM temperature. 

 
Fig.13. Schematic of model domain along with the boundary conditions [13]. 
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Materials used in heat storage. The geometric design of the system plays an important role in 

improving heat transfer efficiency. Therefore, some studies have focused on developing innovative 

systems, such as the use of heat pipes, to improve thermal storage performance. Matteo Belardo 

and researchers [14] designed a new system that uses methanol-filled heat pipes to transfer heat from 

the absorber to the storage section. The system consists of a fully insulated aluminum structure (Figure 

14) containing a phase change material called polyethylene glycol (PEG 6000) as the thermal storage 

medium (Figure 15). The system's performance was evaluated through numerical modeling and 

experiments under various climatic conditions. The results showed that the system can achieve a solar 

fraction of approximately 56% and produce up to 402.2 kWh/m² per year. Tests in more severe 

climates also showed that heat losses were lower than expected, confirming the effectiveness of the 

geometric design. However, the researchers point out that the model needs improvement to improve 

performance during water collection operations, and that further experiments are needed to 

understand the behavior of phase change materials (PCMs) under different climatic conditions. This 

study demonstrated the potential of using PCMs as an effective storage system in industrial control 

systems (ICSs) 

 

Fig. 14. Experimental prototype setup. 
 

 

 

Fig.15. Principe of operation and main heat fluxes [14]. 
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O. Ojike et al. [15] conducted a study to evaluate the performance of a passive solar air heater using 

palm oil and paraffin as a thermal storage medium. Two systems were evaluated, one using paraffin 

and the other using palm oil. The efficiency of two systems was measured over a 24-hour period 

(Figure 16) where the daily solar radiation ranged from 11.6 to 21.1 MJ/m2 during the experiment 

period and the air temperature ranged from 23.6 to 32.4 °C. The solar radiation and temperature data 

were evaluated on three different days where it was observed that November 10 recorded the highest 

level of solar radiation and temperature. A thermometer (MTM- 380SD) with K-type thermal 

conductors was used to record temperatures at different points of the systems at time intervals. Solar 

radiation was measured using a Kimo-solarimeter, model SAM 20, which measures radiation at 5-

minute intervals. The results showed that the system using palm oil achieved a collection efficiency 

of 57.3% and an average efficiency of 46%. Compared to the system using paraffin, which achieved 

46% and an average efficiency of 38.4%. Also, the high solar radiation positively affects the two 

systems. In addition, the palm oil system recorded higher temperatures compared to the paraffin 

system. Based on this, the researchers concluded that palm oil can be an effective option as a thermal 

storage medium in a solar air heater. 
 

 

Fig.16. Solar air heater photograph.[15]. 

 

Bilardo et al [16], an experimental and numerical study was conducted on the performance of 

water heating with integrated collector storage (ICS), a preliminary model was designed for 

integrated collector storage that contains a PCM and a combination of an absorbent surface and heat 

pipes inside a pressurized shell in summer and winter in France, as shown in Figure (16.17). 

Polyethylene glycol (6000) (Tm=50°C_55°C) PCM was used due to its beneficial thermophysical 

properties, and a solar radiation meter and flow meter were used, the results were verified, they 

reached a daily production of 200 liters of hot water. Using six preliminary models with an area of 

three-square metres, two parameters were calculated, the annual solar energy rate and the stored 

energy rate. The annual solar energy saving rate reached 56%. Bilardo et al, investigated the model 

performance of an ICS containing a PCM in the collector and a DWH heat pipe using PEG , The 

coefficient of heat loss and transfer through the heat pipe was evaluated for the summer and winter 

seasons, With a collector area of 0.5 m2 , the thermal storage reached a 
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maximum temperature of 79.3°C , 0.02 m3 of PCM section was able to store 24.57 KWh of thermal 

energy and the specific heat flow reached 2.64 KW ·m−2 of DWH production at a water flow rate 

of 0.87Kg/min . 

 

 

 

Fig. 17. Test bench outdoor installation. [16]. 
 

 

 

Fig. 18. Prototype main internal components (section view). [16] 

While previous studies focused on comparing the performance of heat storage media such as 

palm oil and paraffin, other studies have addressed more advanced materials. Rok Stropnik et al. 

[17] evaluated heat storage systems using phase change materials (PCMs) and compared them with 

conventional heat storage systems. The researchers designed an experimental system to evaluate the 

performance of energy storage systems (Figure 18). A storage tank with a volume of 0.28 cubic 

meters was used, and the PCM modules were integrated into a cylindrical shape, which contributed 

to improved heat transfer efficiency. Figure 19 shows cylindrical modules made of PCM inserted 

into the storage tank. The results showed that heat storage systems using PCMs had a higher energy 

storage density and the ability to maintain a constant temperature (25°C) for a longer period of time, 

up to 300 minutes, as shown in Figure 19. It was observed that the design of the cylindrical modules 

affected system performance. The results also showed that increasing the PCM ratio led to higher 

stored energy density, while decreasing the tank temperature. Researchers have found that PCM heat 

storage systems offer significant advantages over conventional systems, making them a promising 

option for applications (such as heating in poultry houses). 
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Fig. 19. Scheme of the experimental setup [5]. 

 

Fig. 20. Cylindrical modules inserted into storage tank [17]. 

 

 

Kareem Awny Aly et al. [18] improved the performance of latent heat angle thermal storage 

(LHTES) systems by using wavy fins. Numerical modeling was used to investigate the effect of fin 

shape on the PCM hardening rate in the tube region where the hardening time was significantly 

reduced by using wavy fins due to the increased fin length and heat exchange surface (Fig. 20). This 

makes it an interesting option for future research and development in this area. 
 

Fig. 21. The investigated corrugated fin heights [18]. 
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J. Izar-Tenorio et al [19], a simulation and evaluation of indoor houses for broiler chickens were 

conducted and the requirements for (HVAC) and operational resources (energy and water) were 

determined in light of changes in climate temperatures as shown in (Figure 21). A simplified and 

static one-story thermodynamic model was developed for climate change systems for heating and 

cooling in industrial broiler farming as inputs, these inputs originated from 20 GCMs for typical (8.5 

RCP) and moderate (4.5 RCP) climate change scenarios in the eastern United States, assuming day-

old chicks entered the CMIP5 barn at 32°C with subsequent reductions of 0.5°C per day until the house 

temperature reached 21°C. The model simulates energy consumption during incubation by adjusting 

the space used according to the age of the chicken, our results indicate that increased temperatures 

from climate change scenarios by mid-century will increase energy demand for cooling by 5.5 ± 

1.8% (RCP 4.5) and 6.6 ± 2.1% (RCP 8.5), and reduce 

energy demand for heating by 9.0 ± 3.2% (RCP 4.5) and 10.3 ± 3.7% (RCP 8.5) with respect to 

2018. Furthermore, our results suggest that warmer temperatures under climate change will 

substantially increase water withdrawals for evaporative cooling. However, there may be a point 

where cooling pads may not be efficient enough to cool down chickens and other innovative 

alternatives may be required. 
 

 

Fig. 22. Schematic of heat fluxes as modeled. [19]. 

 

In addition to the effect of tilt angles, the effect of internal design improvements was also studied 

and the study conducted by Hameed B. Mahood et al [20]. showed that adding fins to heat storage 

units can significantly benefit the thermal performan (Figure 22). Different fin angles and heights 

were tested, and it was found that the lowest angle of 15 degrees with a fin height of 0.8 radius was 

most effective in the melting process. The total melting time was reduced by about 50%. The results 

showed that there were low temperature gaps in the internal medium of the unit, indicating that there 

were restrictions in the heat diffusion during the melting process and that mixing the materials could 

lead to better acceleration of the melting of the materials. Paraffin (RT-50) was chosen as the phase 

change material (PCM) due to its stable, non-toxic and non-corrosive chemical properties, making it 

suitable for long-term applications. 



Bibliographic Studies CHAPTER I: 

Experimental Investigation of Poultry House Heating System Enhanced with Heat Storage System Page: 18 

 

 

 

 
 

 

Fig. 22. Geometrical models for the present study (a) Three-dimensional diagram of horizontal 

finned double pipe LHTS; (b) Two-dimensional diagram of horizontal finned double pipe LHTS; 

(c) The computational mesh [20]. 

 

 

 

Fig. 23. Schematic diagram of the collector and heat storage subsystem [21]. 

 

Besides improving the heat storage efficiency, the researchers were also interested in evaluating 

the performance of a solar-powered poultry egg incubator with a phase change material (PCM) based 

heat storage system. The researchers E.O. Uzodinma et al [21]. conducted field experiments at the 

University of Nigeria (Figure 23), Nsokka where the temperature and humidity of the incubator were 

monitored under different climatic conditions for three different months which represents the solar 

radiation collected during three specific days of the incubation period. The days chosen were 

December 10, a sunny and dry day, March 16, a sunny and temperate day, and May 8, a rainy and 

cold day. The results showed that the system achieved an average hatchability of 62.3%, while 

maintaining the incubation temperature within the ideal range of 36-39°C showing the results of the 

different temperature measurements in the system and a continuous relative humidity within 
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the required range (50-75%). The researchers found that using an incubator system that integrates a 

solar collector with phase change materials (PCM) for heat storage could be a sustainable and cost- 

effective solution to improving poultry production, especially in remote areas. 

 

Vikas A. Yadav et al. [22] studied the topic of thermal energy management in poultry farms, 

focusing on energy consumption. Optimum temperatures were maintained between 21℃ and 37.7℃ 

during the poultry rearing stages to improve productivity and reduce heat stress. Special systems 

such as solar walls and solar collectors were suggested to meet the thermal energy needs of poultry, 

for water generation and heating, which helps in reducing energy consumption from conventional 

sources (Fig.24) Phase change materials (PCM) were used in thermal storage systems, to store 

thermal energy and control the temperature inside the farms during periods of climate change, which 

leads to improved bird comfort (Fig. 25). The study showed that the use of heat recovery techniques 

can reduce energy consumption in ventilation and heating systems. 

 

 

 

 

Fig. 24. A schematic showing the working of a conventional Trombe Wall [22]. 

 

Vikas A. Yadav et al. [22] studied the topic of thermal energy management in poultry farms, focusing 

on energy consumption. Optimum temperatures were maintained between 21℃ and 37.7℃ during 

the poultry rearing stages to improve productivity and reduce heat stress. Special systems such as 

solar walls and solar collectors were suggested to meet the thermal energy needs of poultry, for water 

generation and heating, which helps in reducing energy consumption from conventional sources 

(Fig.24) Phase change materials (PCM) were used in thermal storage systems, to store thermal energy 

and control the temperature inside the farms during periods of climate change, which leads to improved 

bird comfort (Fig. 25). The study showed that the use of heat recovery techniques can reduce energy 

consumption in ventilation and heating systems. 
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Fig. 25. (a) The jet-drop-distance (b) Effect of using heat recovery in brooder [22]. 

 

M. Fallah Najafabadi et al [25]. a study and analysis of the effect of some critical geometric 

and flow parameters on the PCM melting process was conducted. A double- solenoid concentric 

tube heat exchanger in which water flows in the inner tube as a heat transfer fluid (HTF) and RT-

50 is located inside the ring as a PCM (as a thermal storage system) in solar water heaters in Iran 

was digitally designed as shown in Figure (26). and a numerical simulation of the heat exchanger 

was performed in Ansys Fluent 19 software implementing the algorithm "SIMPLE" and comparing 

it to academic friction , The outer surface of the tube was considered thermally insulated, and the 

flow of the heat transfer fluid in the inner tube was turbulent (using the k-ε RNG turbulence model 

to simulate turbulent flow) and the fluid entered at a temperature of 350 K and a speed of 3 m/s, 

flowing upward and creating a thermal storage unit in the unit , The most important outcomes of 

the investigation show that inlet temperature and inner and outer pipe diameter are critical factors 

for the storage system's design. A 1.5 % change in inlet temperature will enhance the melting rate 

by 27 %. Also, by increasing the inner pipe diameter by 42 %, the melting process was improved 

by 92 %, while the outer pipe diameter was inversely related to the melting rate. A 20 % increase 

in this parameter's value showed a 52 % reduction in the melting. 

 

Fig. 26. The geometry of double-pipe helical coil heat exchanger. [25] 
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Moreover, the change in the helical pitch could not significantly affect the PCM melting 

process, and for a 300 % increase in pitch size, the melting process increases only by 0.6 %. 

Yousra Boutera et al [26] , A study was conducted on a proposed air- ground heat exchanger 

system to cover the needs of the living environment and reduce energy consumption and greenhouse 

gas emissions in an industrial poultry house in southern Algeria, to reduce energy consumption in 

poultry houses and the environmental impact using the proposed EAHE system to cool and heat this 

type of building (Figure 27) , the experimental data for this study were collected from a poultry 

house belonging to Salem Poultry Group (Figure 27) . Heating and cooling requirements were 

determined; the soil temperature distribution was analyzed to determine the optimum depth for 

installing the proposed system. a parametric and economic study was presented to determine the 

dimensions and cost of the EAHE. Finally, a study was conducted to compare the proposed system 

with the systems used in poultry houses in terms of thermal efficiency and its impact on the 

environment during the hottest and coldest times of the year, The study results, which were obtained 

in extreme working conditions, showed that the earth air heat exchanger could cover 45% and 38% 

of the heating and cooling demands, respectively. In summer, the proposed heat exchanger was able 

to reduce the temperature from 47°C to 27.1°C, while in winter, it was able to increase the 

temperature from 4.8°C to 22.9°C, and its performance was stable compared to the systems currently 

used, and, it recorded temperatures better under hot outside conditions. Furthermore, its use reduces 

CO2 emissions to 719 kgCO2/day in heating and 2531 kgCO2/day in cooling, making it a suitable 

solution for this type of industrial building. 

 

Fig.27. Scheme of the EAHE system. [26] 
 

 

Fig. 28. (a) Aerial view of the poultry farm and (b) inside view of the poultry house, 

Salem Poultry Farms, Sidi-Okba, Biskara, Algeria, where the study was conducted. [26] 
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Leandra Vanbaelinghem et al [27]. emphasized the rapid growth of global livestock, including 

egg production, and the use of non-renewable energy in its production, and addressed the operation 

of heating, ventilation and air conditioning systems due to the large part of their use. To address this 

and reduce the necessary energy use to reduce the environmental impacts of intensive production, 

energy simulations were conducted to estimate typical thermal loads for poultry housing systems in 

cages and free-range farms in various Canadian locations, and to identify them as market-ready 

alternatives that could be applied in the industrial egg sector with a particular focus on their use in 

temperate and continental climates (see figure 28). These estimates were used to evaluate alternative 

systems in terms of: (1) their ability to meet the energy requirements of egg production facilities, 

(2) their potential to mitigate environmental impact, and 

(3) their relative affordability by considering insights derived from a systematic review of 225 

relevant research papers, The results showed that future research should prioritize ground-air 

heat exchangers as a complementary system and ground-air heat pumps as a stand-alone system to 

reduce the impacts associated with the operation of conventional HVAC systems in egg production. 

I.3. Conclusions 

The results of previous studies and researches showed that heating systems achieve a significant 

improvement in energy efficiency in poultry houses, while maintaining an ideal thermal environment 

for poultry and other environmental conditions. These systems were found to contribute to a significant 

reduction in energy consumption, while maintaining suitable temperatures for poultry, which leads 

to improved growth rates, productivity and reduced mortality rates. Previous studies open a clear 

path for the future development and improvement of poultry farming practices by taking advantage 

of renewable energy technologies, through the possibility of developing more efficient and 

sustainable systems. 



 

 

 

 

 

 

Chapter II 

State of the art: Heating systems 
for poultry. 



State of the art: Heating systems for poultry CHAPTERII: 

Experimental Investigation of Poultry House Heating System Enhanced with Heat Storage System Page: 23 

 

 

II.1. Introduction 

Efficient production performance of a broiler flock is affected by ambient temperature, humidity, 

heating or cooling system, and the environment of the broiler house, Heating broiler houses is 

essential in winter season. During the winter, the average temperature is generally below freezing, 

where birds are exposed to cold stress. Researchers have shown that cold stress significantly 

influences the health, well [28]. 

One third of the animal protein currently consumed in the world derives from chicken meat 

Broilers. Heating inside poultry houses is an essential part of ensuring bird health and achieving 

maximum chicken growth. Heating systems differ in their source of energy, location of the 

equipment, heat carrier, and method of heat transfer in heated spaces. Based on the location of the 

device that provides the heat, heating systems are classified in local, central and district heating 

systems. Most systems have as a source of energy solid fuels, gaseous fuels, diesel oil or electricity 

[29]. 

The comfort zone is defined as the temperature zone in which the birds are able to keep their 

body temperature constant with minimum effort. This temperature zone also depends on the feeding 

level and housing conditions. Behaviour of birds will change when temperatures rise to above the 

comfort zone as they will start to pant and change their body position. When temperatures are below 

the comfort zone birds will also change their body position and huddle together [30]. 

40–60% of the total deaths are caused by emissions of heating systems regardless of other health 

injuries. This is due to the high dependency in rural China on solid-fuel heating systems that have 

high pollutant emissions and mainly PM2.5 and polycyclic aromatic hydrocarbons (PAH) that lead 

to an increase in cancer risk. Recent research studies tend to focus on investigation of heating system 

emissions using modern accurate techniques, in winter, heating systems depend almost on fossil fuel 

energy such as coal, oil, and natural gas. This is accompanied by severe environmental risks such as 

gas emissions, global warming and noise pollution. Due to these serious negative impacts, it is 

utmost necessary first to focus on the large heating systems which is the case of district heating. This 

is also very crucial because of its rapid growth and spreading. Thus, endeavors have been recently 

encouraging to use alternative heating systems based on renewable energy sources such as solar and 

geothermal [31]. 

II.2. Traditional poultry house heating systems 

Traditional heating systems are simple and easy to operate methods that have been used since 

ancient times to provide heat and warmth inside homes, buildings and barns (such as poultry houses) 

(Figure1) in the winter. They relied on fossil fuels and natural energies and were characterized by 

less efficiency, higher energy consumption and the production of harmful and polluting emissions 

that affect the environment and the health of birds. 
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FigⅡ.1: Broiler shed interior [30]. 

 

II.2.1. Heating systems using solid fuel stoves and heaters 

In the past, fuel stoves were commonly used. Was the application of small, domestic-scale stoves 

as a heat source for daily activities (heating house) is widespread all over the world. Depending on 

regions, and fuel resources, different fuel types are used [32], household burning of solid fuels in 

traditional stoves is detrimental to health, the environment and development, these solid fuels are 

typically burnt in traditional, inefficient stoves causing high levels of household air pollution (HAP) 

[48], It requires regular maintenance. 

II.2.1.1 Wood heating system 

Wood stove (Figure 2) operates as a closed combustion unit for wood. Of the poultry houses use 

firewood for heating, due to its availability and low cost [33]. Among them are wood-fired ovens 

The furnace is the part of the combustion appliance were burning of the solid fuel actually takes 

place found Fuel is automatically injected into the furnace, combustion air is added, and the fuel 

burns to produce heat [34]. Converting to woodburning stoves in an effort to reduce winter heating 

bills. documented hazards associated with the use of wood burning stoves include accumulation of 

carbon monoxide as well as an increased number of burn injuries and house fires [33], but studies 

show that it generates a greater amount of greenhouse gases and more energy. Combustion gases 

generated by brooding during the starter phase of the broiler rearing cycle increase house temperature 

above the external environmental temperature, carrying vaporized firewood moisture and vapor 

produced by combustion. In addition to CO2, H2O and N2 emissions generated by complete wood 

combustion This negatively affects the health of poultry, the coal-fired system as the worst among all 

heating systems regarding the impacts on the environment [31]. 
 

Fig II.2: Heating poultry farms with peat and firewood. 
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II.2.1.2. Coal heating system 

Coal is a solid fossil fuel that has been used as a heating material for barns. Coal has been used for 

residential heating for centuries. In the middle of the last century, coal use for residential heating 

was widespread [35], it is classified as a traditional system that relies on burning coal as the primary 

source of heat to ensure the comfort and well-being of poultry inside the barn. and coal oxidation at 

low temperatures is the heat source liable for the self-heating and spontaneous combustion of coal 

involves oxygen consumption and formation of gaseous and solid oxidation products. This process 

is majorly influenced by temperature, oxidation history of coal, coal properties, particle size 

distribution of the coal, etc. [36]. and global meta-analyses of epidemiologic studies indicate that 

indoor air pollution from solid fuel use is responsible for premature deaths annually that reported 

health effects, exposure characteristics, and fuel/stove intervention options. Observed health effects, 

resulting from the use of "poisonous" coal have been observed, Limited to suspended particles, 

carbon monoxide, sulfur dioxide, and nitrogen dioxide [37]. 

 Coal boiler heating systems 

old-type boilers emit higher concentrations of substances related to incomplete combustion, such as 

particles, CO and hazardous compounds (e.g., polycyclic aromatic hydrocarbons) [38]. Combustion 

of coal for residential heating is an important source of outdoor (ambient) air pollution. However, it 

can also cause significant indoor air pollution either through direct exposure (e.g., a chimney draught 

in poor condition) or due to infiltration from outside (through windows and building cracks). The 

International Agency for Research on Cancer (IARC) classified indoor emissions from the household 

combustion of coal as carcinogenic to humans. In addition, coal combustion produces Sulphur 

dioxide and toxic pollutants. Furthermore, coal also contains dangerous elements [39]. The quality 

of emissions formation during the combustion process is affected, especially by the combustion 

technology, the fuel used and the user operation. It has also been shown that boilers, operating with 

a reduced output, work less efficiently and emit more harmful gaseous compounds and particles, 

originating from incomplete combustion, and heat outputs of boilers were set on 30%, 60% and 100% 

of the nominal output (Figure 3) [38]. 
 

 

FigⅡ.3: Heat outputs of the three boilers [38]. 

 

 Coke coal or the remains of pressing olives heating system 

Most poultry farms use coke (Figure 4,5,7) or charcoal burners to heat their barns. This is due to 

several reasons, including the fact that these burners rely on inexpensive materials compared to other 

heating methods, their low malfunctions compared to other heating systems, and their simplicity in 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/actuator
https://www.sciencedirect.com/topics/engineering/spontaneous-combustion
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principle. These burners are operated by workers multiple times a day, or they have a small tank next 

to them It gradually supplies the combustible material. There is also a specific fan known to poultry 

owners as the "kur." This fan is a small fan connected to a metal tube that continuously pushes air 

into the burner to aid ignition. Another drawback of these burners is the potential for leaks. This can 

occur as a result of wear and tear on the burner itself or the pipes (pipes) that exhaust the smoke from 

combustion outside the barn. This can then lead to the leakage of these gases and fumes, which 

contain carbon monoxide and carbon dioxide, into the barn and then into the birds' respiratory 

systems. Poisoning from these gases can occur through inhalation, leading to death, especially in the 

early stages of hatching. This can cause severe respiratory problems, sometimes leading to chick 

incubation. Some of its drawbacks also include the need for frequent and periodic cleaning, as well 

as the need to scrape and open the air intake holes at the bottom of the burner, which are closed due 

to the continuous settling of molten coal. This cleaning process (Figure 6), in all its stages, may result 

in some coal particles falling, no matter how small, and being picked up by some birds, who ingest 

them, causing coke poisoning that inevitably ends in the bird's death [40]. 

 

 

FigⅡ.4: Coke used for heating in poultry houses [40]. 

 

 

FigⅡ.5: Traditional coke stoves with coal storage tank [40]. 
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FigⅡ.6: The lower openings in coke burners circulate air to increase combustion. These must be 

cleaned regularly and carefully [40]. 

 

 

 

Fig II. 7: Illustrates the placement of additional barrels and exhaust pipes to increase the thermal 

radiation generated by coal stoves [40]. 

II.2.2. Gas heater heating systems 

For many years, the broiler industry in developing countries has relied on direct heating systems 

using gas burners that direct heat toward the broiler chickens to maintain their thermal requirements, 

especially during the first two to three weeks of life. when outside temperatures drop, sufficient 
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warmth must be provided for a comfortable poultry house environment [41]. Among them are 

traditional gas-fired boilers, A conventional boiler primarily consists of a combustor and a heat 

exchanger: the heat generated from the combustor is supplied to the heat exchanger via water or 

steam at high temperatures [42]. 

II.2.2.1. Natural gas heating systems 

Heating on some farms previously relied on natural gas pumped through a pipeline network. It is a 

heating system that uses gas to provide optimal temperature in the poultry farming environment. 

These systems convert gas into heat and direct it into the farm, helping maintain stable temperatures 

that are conducive to the health of the chickens. These systems are particularly used during cold 

winters to ensure that the chickens remain warm and healthy. The use of a gas heater improves 

chicken survival rates The most prominent disadvantages facing these types of heating systems were 

the cost and greenhouse gas emission and increases the microclimatic carbon dioxide concentrations 

that adversely affect performance, behavior, carcass yield, immunoglobulin concentration, and 

bacterial counts and prevalence and feed conversion ratios revealed highly significant increases and 

As, the highest duration and frequency of locomotion and panting was recorded in broilers raised in 

the room supplied with the gas-operated system. It had the following advantages: revealed highly 

significant increases of weight gains and performance indices [41]. 

II.2.2.2. Liquefied Petroleum Gas (LPG) heating system 

Liquefied Petroleum Gas (LPG) are the main fuel used for heating, particularly for brooding. among 

them are gas-powered heaters (Figure 8,9), which consist of a coil fed with gas and radiating heat. 

Behind it is a reflective metal plate to prevent the scattering of thermal radiation. However, their 

energy source is liquefied petroleum gas (propane/butane). Therefore, one of the conditions for using 

these heaters is good ventilation in the coop to ensure that the birds are not poisoned by the smell of 

gas when these heaters are operating normally or in the event of a leak. These heaters are often 

criticized for gas leaks, but some companies have equipped these heating systems with sensors that 

detect gas leaks and immediately turn off the heater and stop the gas supply [43]. 

 
 

 

 

Fig II. 8: Gas heaters in poultry houses [40]. 



State of the art: Heating systems for poultry CHAPTERII: 

Experimental Investigation of Poultry House Heating System Enhanced with Heat Storage System Page: 29 

 

 

 

 

 

Fig II.9: Gas heaters in poultry houses [40]. 

 

II.2.3. Electric heating systems 

It is considered one of the cleanest and easiest heating methods, but it is plagued by its high cost and 

the heat it emits may be released through radiant tubes or by fans electric heating is an attractive 

low-cost method for residential heating for areas having ample supply of electricity that produces 

low greenhouse gas emissions. On the other hand, one could argue that producing heat with a thermal 

resistance may not be the most sustainable way to maintain thermal comfort from an energy quality 

point. Electricity is a high exergy energy type, as such, converting the electricity to heat, a low exergy 

energy, could be interpreted as a poor use [44]. 

II.2.3.1. Heating systems with electric heaters 

Electric heaters (Figure 10), such as those we use in homes, consist of a coil that is powered by 

electricity and radiates heat. Behind it is a reflective metal plate to prevent the dispersion of the heat 

radiation and direct it only in the desired direction. The disadvantage of this heating method is that 

it increases electricity consumption on the farm and in areas that experience frequent power outages. 

The use of such heating sources increases the use of electric generators Heating systems of this type 

require constant maintenance due to frequent power outages, as well as the wires used in them [40]. 

It is well known that electric heaters convert 100% of their power into heat. This has generally been 

interpreted in the engineering community that electric heating systems all have the same efficiency. 

Although it is true that they all convert power to heat as efficiently, they do not distribute the 

generated heat in the same way. [44] 
 

 

Fig II.10: Electric heaters in poultry houses [40]. 
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II.2.3.2. Heat lamp heating systems 

Most livestock barns are heated using radiant heat lamps to maintain the temperature. However, 

these lamps have high operating costs (electricity consumption) and are usually applied only for 

creep heating. Another factor is that heat lamps can potentially cause fires [45]. Further, radiative 

heat can encourage to spend more time resting in a safe area of the stall that can result in reduced 

crushing and decreased issues related to hypothermia. While supplemental radiative heat can 

improve thermal environmental, reported decreased feed intake when heat lamps mounted above a 

plywood floor covering were placed beside the crate versus in the front stall during lactation. This 

could indicate that the additional heat radiated induced heat stress, thereby repressing feed intake 

[46]. 

II.2.4. Diesel heating systems: 

Conventional boiler which runs on the combustion of diesel fuel (Figure 11) has been around for 

two centuries [47]. It is a heating system that relies on using fuel classes as a heat source, where the 

fuel is burned inside a boiler in order to heat water or air and then the heat is distributed from it 

through systems such as pipes or ducts in order to spread the warmth throughout the building, which 

helps enable this system with places far from the gas network. There are boilers that operate on a 

mixture of diesel and biodiesel, which is considered a traditional technological system and they are: 

 Diesel / Biodiesel Boiler Heating System: 

Biodiesel is widely accepted as a fuel that is similar to diesel with various advantages, Biodiesel's 

low-temperature flow qualities are one of its characteristics that limits its use [49]. Biodiesel is a 

‘diesel-like’ fuel that is derived from processing vegetable oils from various sources, such as soy oil, 

rapeseed or canola oil, and also waste vegetable oils resulting from cooking use. 
 

Fig II.11: The Diesel fired furnace during testing [43]. 

 

Brookhaven National laboratory initiated an evaluation of the performance of blends of biodiesel 

and home heating oil in space heating applications under the sponsorship of the Department of 

Energy (DoE) through the National Renewables Energy Laboratory (NREL). were environmental 

benefits from the biodiesel addition in terms of reductions in smoke and in Nitrogen Oxides (NOx) 

[50]. When used in conventional diesel engines, biodiesel reduced emission of HC, CO, and 
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particulate matter. Biodiesel is green and clean fuel, containing in built oxygen and without 

containing Sulphur, allowing it to burn completely with less oxygen. Even when combined with 

petroleum diesel, the cetane number is increased [49]. 

II.3. Modern Poultry House Heating Systems 

Modern poultry house heating equipment is a sophisticated technological development, specifically 

designed for poultry thermometers. These systems feature low operating costs, while taking into 

account their impact on the environment and bird health. They also feature precise temperature 

control, thermal preference, and energy efficiency, distinguishing them from conventional heating 

technologies (such as gas-fired or non-directional heaters).[51] 

II.3.1. Renewable Energy Heating Systems 

Energy produced from fossil fuels increases greenhouse gas emissions into the atmosphere, which 

in turn highlights renewable energy sources as viable in poultry production.[52] 

II.3.1.1. solar heating systems 

 Solar Thermal Heating Systems 

Mirrors that reflect sunlight and concentrate it onto receivers are used in high-temperature solar 

thermal heating technology, often known as concentrated solar heating (CSP). The receivers convert 

solar energy into thermal energy, which in turn drives a heat engine or steam turbine. 

CSP systems can also produce chemical fuels for industrial activities, storage, and transportation. 

Areas with strong vertical direct solar radiation are ideal for CSP systems.[53] 

 

 

FigⅡ.12: High-Temperature Solar Thermal [54]. 

 

The simplest way to harness solar energy resources is through low-temperature solar technology, 

which operates at temperatures up to 100°C. Both active and passive systems can be used. Heat is 

transferred from the solar collector to the final step in active conversion systems using a heat transfer 

system. Passive systems use the solar energy source for lighting and heating without the need for 
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active components. This section focuses primarily on active systems that use solar radiation to 

generate thermal energy for space heating, cooling, and water heating. These systems store energy 

using storage tanks.[54] 
 

FigⅡ.13: High-Temperature Solar Thermal [54] 

 

 Photovoltaic Solar Heating Systems 

In fact, the word "photovoltaic" is derived from the Greek word’s "photo" meaning "light" and 

"voltaic" meaning "light." Therefore, "photovoltaic" literally means "electricity of light." Solar 

photovoltaics convert heat into electricity. This system is used to power heating systems. The heat 

storage technology used in solar photovoltaic systems also improves capacity and provides 

continuous heating, even in the absence of sunlight [55]. 

 

 

 

FigⅡ.14. The schematic diagram of solar energy technologies: (a) PV; (b) PV/T [55]. 

 

 The working principle of solar panels 

Photons penetrate slightly fine optical "beads" of silicon, displacing some electrons from the metal. 

Electrons can only flow in one direction through the semiconductor metal. To return to their original 

position, the electrons moved by the light must pass through the external circuit, generating an 

electric current. Even in cloudy conditions, the cells generate electricity daily; however, their 

efficiency declines. The cells are assembled together to make photovoltaic panels, which are 

installed inside homes or on roofs. Superior technical efficiency is essential for the complex 
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manufacturing process to ensure excellent long-term performance. These solar cells are built in 

contact with each other [56]. 

II.3.1.2. Biomass Heating Systems 

The use of biomass heating contributes significantly to poultry production and reduces reliance on 

fossil fuels. The material, known as biomass, can be converted or processed to provide energy. 

Biomass is a material obtained from plants and animals that can be chemically converted or gasified 

and used directly for heating [57]. 

 

 

Fig.15: The Biomass cycle [54] 

 

 Poultry Manure: It is more profitable to use chicken manure, a waste product, as fuel to 

produce heat and electricity, especially for poultry farms. Chicken manure can be effectively 

utilized in anaerobic digestion and pyrolysis processes. On the other hand, chicken manure 

can be used as fuel for on-site combustion processes, using bio combustion systems to 

generate heat in poultry houses [58]. 

 Biogas for heating poultry houses: The process of producing biogas from biomass involves 

two main processes: Decomposition of organic matter: known as the anaerobic digester The 

anaerobic digestion of this waste takes place in three steps. In the first step, the chicken 

manure is placed in a laboratory digester without prior treatment. In the second step, the 

droppings are placed in an industrial digester without pretreatment. In the third step, a 

methanogenic inoculant is incubated with the chicken droppings in a batch digester. Biogas 

production is measured using a manometer, and its composition is analyzed using gas 

chromatography [59]. 

 Biogas production: This is achieved by microbial decomposition and fermentation of 

organic matter found primarily in the droppings. The resulting gas consists mostly of carbon 

dioxide and methane. It can be used as fuel for heating systems in poultry houses. This system 

helps maintain a comfortable temperature inside poultry houses and reduces carbon dioxide 

emissions and harmful substances compared to conventional systems [60]. 
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II.3.1.3. Geothermal Energy 

Due to the increasing use of fossil fuels, research has been conducted into alternative sources. 

Geothermal energy, which is a combination of two Greek terms: "geo" (earth) and "therm" (heat), 

describes the warmth generated within the Earth, located two to three meters below the surface, for 

heating and cooling. It has been found to be less expensive than solar energy [61]. 
 

Fig II.16: Geothermal energy. 

 

II.3.1.3.1. Working principle of geothermal energy 

The soil temperature remains relatively constant throughout the year, ranging between 

approximately 22 and 24 degrees Celsius below the Earth's surface. Heat is extracted from the 

ground using heat pumps that pump a coolant through underground pipes. The pipes then distribute 

the heat energy throughout the poultry house [62]. 

II.3.1.3.2. The main components of a geothermal energy system 

An electrically powered device, known as a heat pump, transfers heat from a source—a place 

with a lower temperature—to the poultry houses, which have a higher temperature. Geothermal heat 

pumps consist of two main parts: a heat pump and a ground-based heat exchanger. These pumps 

feature a single heat exchanger inside the house, unlike air-cooled heat pumps [63]. 

II.3.2. Infrared Heating Systems 

Infrared heating systems provide a sensitive and transparent environment for chicks, facilitating 

production and comprehensive monitoring. Infrared is a type of electromagnetic radiation that uses 

waves to transmit energy through the atmosphere [64]. 

 

 

Fig II.17. Schematic diagram illustrating the operation of the heating radiator used in the poultry 

house [73]. 
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II.3.2.1. Operating Principle of Infrared Heating Systems 

Chicks absorb the energy generated by radiant heaters immediately upon switching them on. 

Additionally, the hay below them is heated, raising its temperature and providing an ideal warm 

environment for chicks [65]. 

II.3.2.2. Basic Components of Infrared Heating Systems 

 Canopy 

 Emitter 

 Stove 

 Ignition System 

 Thermistor 

These basic components provide a range of radiant heating systems that help improve the poultry 

environment during the various stages of production [65]. 

II.3.2.3. Advantages and Disadvantages of Infrared Heating Systems 

Infrared heating systems create thermal gradients, allowing chicks to select the area that provides 

maximum comfort as needed. However, if a single heater fails, 25% of the total heat source may be 

lost, which can lead to humidity and chilling problems for the chicks [65]. 

II.3.4. Temperature and Humidity Control Systems 

Temperature and humidity control pose many challenges for heating, ventilation, and air 

conditioning (HVAC) systems, which are widely used in small and medium-sized buildings. Due to 

the small size of these systems, it is difficult to install a reheater or dehumidifier separately. 

Furthermore, regulating both temperature and humidity in a single unit is difficult due to the close 

interconnection between the temperature and humidity control circuits [66]. 

II.3.4.1. Heating, Ventilation, and Air Conditioning Systems 

A building's heating, ventilation, and air conditioning (HVAC) system consumes the most energy. 

Therefore, increasing the efficiency of the HVAC system leads to greater energy savings in the 

building. Indoor temperature, air leakage, window type, window-to-wall ratio, and interior loads 

directly affect HVAC systems' energy consumption. Climate and building type are other factors. 

According to studies, properly selected and operated HVAC systems can save up to 25% on energy 

costs while maintaining a comfortable indoor climate [67]. 

II.4. Heat Storage Systems 

The importance of heat storage technologies is growing in this century due to the depletion of 

conventional non-renewable energy sources, increasing environmental pollution, and the unstable 

availability of renewable energy sources, including solar and geothermal energy. Systems that enable 

the collection and storage of thermal energy (whether generated by industrial processes, exhaust air 

conditioning systems, or natural sources such as the sun) for a predetermined period of time for later 

use are known as thermal energy storage (TES) systems. These systems store heat using a variety of 

physical concepts [68]. 
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II.4.1. Types of Heat Storage Systems 

II.4.1.1. Chemical thermal storage systems 

A technology that uses a chemical process to store energy. In an endothermic chemical process, 

thermal energy is absorbed and released in an exothermic reaction. Due to its maximum energy 

storage density, the system provides long-term, compact energy storage in a designed environment 

without the need for extensive thermal insulation [69]. 

II.4.1.2. Sensitive thermal storage systems 

These systems are used in many applications due to their ease of use and simplicity. This process 

uses the heat charged within the system to change its temperature. Due to its low energy density, it 

is often susceptible to thermal energy leakage [70]. 

II.4.1.3. Latent Heat Storage Systems 

Thanks to their large storage capacity per unit volume, small thermal fluctuations, and isothermal 

properties during charge and discharge cycles, latent heat storage based on PCM technology can be 

used in a variety of fields. Also known as phase change heat storage (PCM), it features high storage 

density and requires less weight and volume, making it relatively less expensive. In addition, the 

latent heat can be stored as heat of fusion at approximately the same temperature, which is equivalent 

to the phase transition temperature of the phase change material [71]. 

PCM-based latent heat storage can be used in a variety of applications. It can also be used to heat 

poultry houses by integrating it with heating systems. 

II.4. Conclusion 

In short, this chapter shows that improving heating systems in poultry farms plays a decisive role 

in providing a healthy and enjoyable environment for birds, which in turn improves their 

performance and productivity. With the increasing environmental issues and increasing anxiety over 

pollution caused by the use of fossil fuels, the transformation into sustainable heating methods, such 

as solar energy and ground thermal energy, is essential and urgent. It also stresses the need for 

modern technologies that guarantee high efficiency in heating, reduces energy consumption and 

operating costs, while maintaining safety and reducing the risks associated with traditional heating. 

Adopting advanced renewable heating systems not only contributes to environmental protection, but 

also improves bird health, promotes sustainable growth in the poultry sector, and supports food 

security. 
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