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Abstract

Abstract

This thesis presents an experimental study of a heating prototype for poultry houses in the
arid regions of Algeria, specifically in EI Oued. A custom-designed solar thermal collector is
installed on the poultry house roof. The model features insulated sandwich panel walls and a
wooden-framed heating unit mounted on the roof. The heating system includes a primary
layer of black-painted iron plates to maximize solar absorption. A phase change material
(PCM) 1s placed on this layer to store thermal energy, allowing the poultry house to remain
heated during non-sunny hours. This assembly is covered by a secondary layer of glass plates
functioning as a flat-plate solar collector.

The system design enables air intake from one side, circulation beneath the iron plates, and
outlet through ducts on the opposite side. The airflow beneath the solar collector, combined
with the PCM, delivers warm air into the poultry house. A ventilation system assists in
evacuating air to the outside. Measurements were taken starting at 8 a.m. The results were
compared to a system without PCM and were thoroughly analyzed and discussed. This
method enhances productivity and reduces energy costs.

Keywords: thermal collector, poultry, heating, energy efficiency.

Résumé
Ce mémoire présente une étude expérimentale sur un prototype de chauffage pour un
poulailler situé dans les régions arides d’Algérie, plus précisément a El Oued. Un capteur
solaire thermique spécialement concu est installé sur le toit du poulailler. Le modéle comprend
des murs en panneaux sandwich isolants et un dispositif de chauffage a structure en bois monté
sur le toit. Ce systeme integre une premiere couche de plaques de fer peintes en noir pour
maximiser I’absorption solaire. Sur cette couche, un matériau a changement de phase (MCP)
est installé pour stocker 1’énergie thermique, permettant de chauffer le poulailler pendant les
heures sans ensoleillement. L’ensemble est recouvert d’une deuxieme couche composée de
plaques de verre, agissant comme un capteur solaire plan.
La conception permet I’entrée de 1’air d’un coté, sa circulation sous les plaques de fer, puis sa
sortie par des conduits situés a I'opposé. Le flux d’air réchauffé sous le capteur solaire,
combiné a I’effet du MCP, introduit de 1’air chaud dans le poulailler. Un systéme de ventilation
¢vacue ensuite I’air vers 1’extérieur. Les mesures ont été réalisées a partir de 8 heures du
matin. Les résultats, comparés au systeme sans MCP, ont été analysés et discutés. Cette
approche contribue a améliorer la production tout en réduisant les cotits €nergétiques.
Mots clés : capteur thermique, volaille, chauffage, efficacité énergétique.
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Glossary of Terms

Term

Canopy

Emitter

Heat Exchanger

Heat Recovery

Heat Storage System

HVAC System (Heating,

Ventilation, and Air
Conditioning System)

Infrared Heating System

PCM - Phase Change Material

Stove

Temperature and Humidity

Control Systems

Thermal Energy Storage (TES)

Thermistor

Definition Page
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A covering or overhead structure that 47

shields or influences heat distribution in an

infrared heating system.

A device that heats up and radiates heat, -
forming a core component of infrared

heating systems.

A device that transfers heat between two or -
more fluids, commonly used in thermal

energy storage systems and various heat

transfer applications.

A technology that improves system 31
efficiency by capturing and reusing waste

heat from exhaust gases or other processes.

A system designed to store thermal energy -
for later use, contributing to balancing

energy production and consumption within

Thermal Energy Storage (TES)

technologies.

A comprehensive system engineered to -
create a comfortable indoor climate,

encompassing heating, ventilation, and

cooling operations, often leading to

significant energy savings.

A heating system that directly transfers heat -
to objects and people using infrared

radiation.

Materials that absorb and release substantial -
amounts of heat during their phase transition

(e.g., from solid to liquid), commonly

employed in thermal energy storage systems

to enhance efficiency.

A heating appliance that emits heat through -
either radiation or convection, often

integrated into various heating systems.

Specialized systems designed to manage -
and maintain desired levels of temperature

and humidity in indoor environments, often

facing challenges due to the interplay

between these two factors.

The process of collecting and storing -
thermal energy for future use, aiming to

stabilize energy resources and improve

overall energy utilization efficiency.

A precise temperature-sensing device used -
to measure and control temperature, playing

a crucial role in environmental regulation

systems.
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General introduction

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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General introduction

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.

Experimental Investigation of Poultry House Heating System Enhanced with Heat Storage System Page: 2
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CHAPTER I: Bibliographic Studies

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).

CO2 Seasor | Relative Humidity Sensor

W

&(“‘ -~ NH3 Sensor

Temperature
Temperature  Seasor
Sensor

Temperature Seasor

-~

Fig. 1. Model poultry house uses for experiments. [3]
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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).
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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 (R? = 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 [H20] kg .
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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.
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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 COzemissions
(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, CO> 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.

Experimental Investigation of Poultry House Heating System Enhanced with Heat Storage System Page: 9



CHAPTER I: Bibliographic Studies

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 1ISO 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/m? 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-
SWEF 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.

Saline water tank

Thermocouple

Y
Flow Control Valve |

Pyranometer

Fig. 10. Schematic diagram of the single type solar distillation with PCM-based pin fin
heat sink [11].

Steel wool fibers

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.

==

s // Insulating board
PCM-Encapsul /

porous wall

{} Heating Room
g

Hz=2 2m

Hi=2. 4m

L2=0.1m

L3=0.06m 3 S et
L4=0.08m e =
Ls=0.1m

y S Lz |Lsl La | Ls

Li=3m
X

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 (Figurel3). 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 liqguid 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.

Tn HTF

oz | - |

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 canachieve asolar
fraction of approximately 56% and produce up to 402.2 kWh/m? 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.15. Principe of operation and main heat fluxes [14].
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O. Ojike etal. [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.

Working chamber

Heating chamber

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 m? , the thermal storage reached a
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maximum temperature of 79.3°C, 0.02 m® of PCM section was able to store 24.57 KWh of thermall
energy and the specific heat flow reached 2.64 KW -m2 of DWH production at a water flow rate
of 0.87Kg/min .

Glass o DHW Exchanger O Honeycomb cavity
— Absorber == Heat pipe Insulation
— External casing (aluminum)

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.

b) y=136°
c)y=18° d)y=9°

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.
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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.
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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°C and 37.7°C
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. 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°C and 37.7°C 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-¢ 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.
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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 kgcoz/day in heating and 2531 kgcoz/day in cooling, making it a suitable

solution for this type of industrial building.

EAHE

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

(a) (b)

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.

1.3. 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.
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11.1. 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 PM2s 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 onthe 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].

11.2. 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)
(Figurel) 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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Figll .1: Broiler shed interi
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or [30].

11.2.1. 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.

11.2.1.1 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, H20 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].

™ ‘T-—— | ~
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11.2.1.2. 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].

e 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].
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Fig I .3: Heat outputs of the three boilers [38].

e 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
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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].

T
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Fig I .5: Traditional coke stoves with coal storage tank [40].
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Fig I .6: The lower openings in coke burners circulate air to increase combustion. These must be
cleaned regularly and carefully [40].

Fig 1. 7: Hlustrates the placement of additional barrels and exhaust pipes to increase the thermal
radiation generated by coal stoves [40].

11.2.2. 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].

11.2.2.1. 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].

11.2.2.2. 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 I1. 8: Gas heaters in poultry houses [40].
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Fig 11.9: Gas heaters in poultry houses [40].

11.2.3. 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].

11.2.3.1. 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]

LAY

Fig 11.10: Electric heaters in poultry houses [40].
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11.2.3.2. 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].

11.2.4. 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:

e 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 11.11: 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 (NOXx)
[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].

11.3. 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]

11.3.1. 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]

I1.3.1.1. solar heating systems

e 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]
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Fig I .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]

Geothermal Low Temp. Zone

Fig I .13: High-Temperature Solar Thermal [54]

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

e 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].

I1.3.1.2. 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].
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e 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].

e 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].

e 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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I1.3.1.3. 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 11.16: Geothermal energy.

I1.3.1.3.1. 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].

I1.3.1.3.2. 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].

I1.3.2. 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].
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Fig 11.17. Schematic diagram illustrating the operation of the heating radiator used in the poultry
house [73].
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I1.3.2.1. 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].

I1.3.2.2. 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].

I1.3.2.3. 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].

I1.3.4. 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].

I1.3.4.1. 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].

I1.4. 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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I1.4.1. Types of Heat Storage Systems
I1.4.1.1. 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].

I1.4.1.2. 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].

I1.4.1.3. 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.

I11.4. 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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CHAPTERIII: Experimental approach

II1.1 Introduction:

To ensure the health and growth of birds raised in poultry farms, it is essential to maintain an optimal
temperature. Fossil fuels and other conventional heating technologies can be expensive and
environmentally harmful. However, solar heating systems offer a more environmentally friendly
alternative. These systems use heat collectors and solar panels to convert sunlight into thermal
energy to heat poultry housing.

To conduct this experiment, we built a prototype chicken coop measuring 3 meters long, 1.77 meters
wide, and 1.55 meters high. A heating system consisting of ducted pipes, glass panels, and black-
painted iron panels was installed.

We measured carbon dioxide levels, temperature, and humidity levels. This chapter presents and
discusses the graphs that illustrate the results of each experiment as a measurement.

II1.2 Hardware used:
II1.2.1 Prototype construction:
We used sandwich panels to build a prototype for our pilot study (Figure IIL.1).

6 cm thick for their ease of installation and ability to reduce heat loss. The following table shows
the characteristics of these panels.

Resistance to coefficient of
thickness weight the thermal
Conductivity Transmission
Sandwich 60 mm 11, 42 Kg /m’ 2951/Q 0,29W/m’ K
panels

Fig II1.1: Photos of sandwich panel used in the walls of the prototype.

To maximize protection from solar radiation in our area, the prototype chicken coop's roof was
designed to resemble a triangle. Following the design, we fixed the panels after cutting them on
each side and assembling them with specific corners.

using rivets. After the prototype was constructed, the real photo is displayed in Figure IIL.2.
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Among the components utilized are aluminum, glass, black-coated iron, and wooden panels.
tubes with terraces and stabilizers.

e The infrastructure of the system is built using wood panels. Wood is a sturdy and lightweight
material that supports the other parts and helps to insulate the system from heat buildup.

Fig II1.4: Wood panels

e Black-coated iron panels: are the system's main heating element. The black coating improves
the panels' ability to absorb sunlight and efficiently convert it into heat. The location of these
panels allows them to directly heat the air within the system.

Fig I11.5: Black coated iron panels.

e Glass panels: Cover the sides and top of the wooden construction. Glass panes enhance the
heating process by letting in sunlight and trapping heat.

e Aluminum Stabilizers: For the safe assembly and installation of glass, iron, and wood
panels. As a stainless steel, aluminum has excellent structural stability.
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Fig II1.6: Aluminium Stabilizers.

Hot air is transferred from iron panels to a little replica of a chicken coop using a listed tube.
This tube offers a way to regulate the temperature within the chicken house and facilitates the
effective movement of hot air. There may be a mechanism in the tube to modify the air flow and
guarantee that 1s dispersed equally.

e T e TR RIS Y (3 (YO

B e e T X T L L S

T \ | J NN K] [} plu’-)t'w-‘ ERPARRA N L

p——— p g RN e RELLEN S LRI T A (T AT 2 P s f A A At I
o e —

e
A B ki
Pl o A Malyus

Fig II1.7: Aluminium Pipe Listed

To heat the surrounding air, the system absorbs sunlight from black-coated iron panels. This heat is
retained by the device using glass panels. Through a dedicated duct, the heated air is sent to a model
poultry house, where the heat is efficiently distributed to create a warm environment for the
chickens. This integrated design ensures efficient and sustainable solar heating, using the materials
available to us most efficiently.

II1.2.4. Discrimination of measure:

We utilized several sensors in our prototype to monitor temperature, humidity, and carbon dioxide
levels inside the poultry house. These sensors were programmed using an Arduino board, enabling
us to collect data with high accuracy and efficiency. They are also available at reasonable prices in
our local market (EL-Oued area). Below are some photos and specifications of these sensors, which
include:

111.2.4.1. DHT22 sensor:
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The DHT22 i1s a digital sensor designed for precise measurement of temperature and humidity. It
supports a temperature range from -40°C to +80°C with an accuracy of +£0.5°C, and a humidity range
from 0% to 100% with an accuracy between +2% and £5%. The sensor updates its readings every
two seconds and operates on a voltage range of 3.3 to 5.5 volts. Thanks to its digital output and ease
of integration with systems like Arduino, the DHT22 is a reliable choice for monitoring
environmental conditions in farmhouses and poultry houses, helping to enhance indoor climate
control with accuracy and efficiency.

Fig II1.8: DHT22 sensor.
111.2.4.2 CO2 sensor (MQ135):

The MQI135 is an air quality sensor capable of detecting a variety of gases, including carbon
dioxide (CO2), ammonia, and alcohol. It operates on a 5-volt power supply and is known for its high
sensitivity and quick response time, making it well-suited for environmental monitoring, ventilation
systems, and health-related applications. With its analog output, the sensor can be easily integrated
with microcontroller platforms such as Arduino and Raspberry P1, making it a widely used solution
for assessing air quality in confined environments.

Fig I11.9: CO2 sensor (MQ135).
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111.2.4.3. Arduino Nano ESP32:

The ESP32, developed by Espressif Systems, 1s a powerful microcontroller featuring advanced Wi-
Fi and Bluetooth connectivity, making it an excellent choice for Internet of Things (IoT)
applications. It is equipped with a dual-core processor running at up to 240 MHz, 520KB of RAM,
and supports a wide range of input/output interfaces including GPIO, ADC, DAC, SPI, 12C, and
UART. Operating at a voltage range of 2.2 to 3.6 volts, the ESP32 is also optimized for low power
consumption in idle mode. Thanks to its compatibility with the Arduino development environment,
it offers easy programming and flexible development for a wide array of smart and automated control
applications.

111.2.4.4.M-F wire (male to female):

A Male-to-Female (M-F) jumper wire is used to connect electronic components, featuring a male
pin on one end and a female socket on the other. These wires are flexible, easy to handle, and
commonly used for building circuits with breadboards and microcontrollers like Arduino. They
come 1n various lengths and colors, which helps organize wiring and makes it easier to identify
connections during prototyping or circuit assembly.

Fig-II1.10: M-F wire (male to female).

1I1.2.4.5. Plug Panel:

The Arduino plug board, commonly known as a breadboard, is a tool used to build and test electronic
circuits without the need for soldering. Its grid of slots allows components and wires to be inserted
easily and quickly, making it an ideal solution for prototyping and experimenting with circuit
designs.
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Fig-II1.11: Plug Panel.
II1.3. working principle:
II1.3.1. Tools and materials PCM used:
Paraffin:

Paraffin 1s a soft, white or colorless solid, derived from coal, petroleum, or oil shale. Its
properties include a melting point, which typically ranges between 46 and 68 degrees Celsius,
which makes it easily melt when heated. It also has the ability to retain heat and release it slowly,
but it is expensive.

Paraffin is used in a wide range of applications including home heating and heat storage.

Fig-II1.12: Paraffin.

Aluminum filings:

Aluminum filings are small wastes, such as chips or shavings, that result from aluminum forming
and manufacturing processes. They are recyclable and can also be used in other applications. They
have excellent heat transfer properties and are inexpressive.

Fig-II1.13: Aluminum filings.
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Iron panels:
We used 8 iron bars, 1 m high, 6 cm long, 4 cm wide and 0.15 cm thick (neglected), closed at the
bottom and with a stopper at the top.

Fig-II1.14: Iron panels.

Repression:
An aluminum funnel was used to facilitate the process of pouring the mixture (paraffin and

aluminum filings) into the panels.

Fig IT1.15: Repression.

Electronic scale:

We used an electronic scale to weigh both the paraffin and the aluminum filings.

Fig II1.16: Electronic scale

s ————————— -
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e We also used a stove, a gas cylinder, an aluminum pot, and an electric saw.

Fig-II1.17: stove, gas cylinder, aluminum pot, electric saw.

Thermometer:

This device is a multi-channel temperature data logger. Its primary function is to measure and
record temperatures from 12 different input channels simultaneously, then store this data on an
SD card for later reference and analysis.

Fig-1I1.18: Lutron 12 Channels Temperature Recorder BTM-4208SD

Air speed and volume measuring device:

This device is an anemometer with a data logger function. Its primary function is to measure
airflow (wind) velocity and temperature simultaneously, and record this data onto an SD card for
later analysis.

Fig-I11.19: Lutron AM-4207SD Anemometer.
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Preventive measures:
For our safety, we wore masks, heat-insulated gloves, and aprons.
II1.3.2. Description of the Experimental Procedure:

First, a specific quantity of aluminum filings was weighed using a high-precision digital balance. As
shown in Figure 1, the recorded mass was 0.082 kilograms.

Second, the required amount of paraffin was measured. A piece weighing 0.574 kilograms was
placed on the same digital scale. This piece was then doubled, resulting in a total paraffin mass of
1.150 kilograms for the experiment.

Third, the weighed aluminum filings and the two paraffin pieces (with a combined weight of 1.150
kg) were prepared and arranged for the next phase of the procedure.

Fourth, both paraffin pieces were cut into small cubes to facilitate melting. These cubes were
transferred into a metal pot and gently heated over a gas stove, as seen in the accompanying image.

Fifth, after about five minutes of heating, the paraffin began to melt. The image shows the start of
this phase, where parts of the paraffin are transitioning from solid to a clear liquid.

Sixth, the melting process was completed following an additional three minutes of heating. The
paraffin reached a temperature of approximately 75°C, resulting in a fully melted, clear, and uniform
liquid.

Seventh, the previously weighed aluminum filings were gradually added to the molten paraffin while
continuously stirring with a wooden stick. This step was essential to ensure the uniform dispersion
of aluminum within the mixture.

Eighth, the homogeneous mixture of molten paraffin and aluminum filings was carefully poured into
a hollow iron rod mold.

Ninth, the mold was gently shaken to eliminate any air pockets and to ensure that the aluminum
filings were evenly distributed throughout the paraffin.

Tenth, the filled iron mold was placed on a stable surface to cool naturally at room temperature.
During this stage, the paraffin solidified and adopted the shape of the rod.

Note: This 10-step procedure was repeated seven more times to produce a total of eight iron rods
filled with the paraffin—aluminum mixture. The entire preparation process lasted approximately five
and a half hours.

e EEEYEYEYE}Y}Y}Y}YEYYY——
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The first step

Step fie

Stepsi Step seven

Stap ten

Fig.ITI-20: Diagram of the Different Steps of Experimental Protocol Preparation.

II1.4. Results and discussions

To test the effectiveness of this system, a series of thermal measurements were conducted to
evaluate the impact of PCM on system performance.

The temperatures and air velocities entering and exiting the barn were recorded to analyze
performance and determine the optimal setting for the solar heating system. The following results
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display the measured temperature and air velocity data, allowing for accurate comparison of system
performance under different operating conditions.

Table II1.2: Measurement of the temperature

T, T Ts Ty Ts
10h:48 43.3°c 33.7°c 63.6°c 54.2°c 53.8°c
10h:58 44.7°c 38.4°c 62.4°c 52.4°c 37.0°c
11h:08 45.5°c 39.9°c 62.9°c 54.7°c 39.3°c
11h:18 46.7°c 39.8°c 64.0°c 55.0°c 38.7°c
11h:28 47.4°c 46.7°c 65.0°c 54.6°c 37.6°c
11h:38 47.9°c 41.1°c 63.3°c 53.2°c 39.5°c
11h:48 47.7°c 40.7°c 63.0°c 53.0°c 41.0°c
11h:58 48.2°c 43.1°c 64.4°c 53.3"¢ 38.6°c
12h:08 48.9°c 40.3°c 64.3°c 52.8°c 41.9°c
12h:18 49.3°c 40.1°c 64.5°c 33:.9% 41.2°c
12h:28 49.9°c 40.6°c 64.3°c 53.8°c 41.9°c
12h:38 50.1°c 44.6°c 65.4°c 85.2°¢c 39.9°c
12h:48 49.6°c 40.5°c 65.9°c 54.4°c 40.9°c
12h:58 50.1°c 41.3°c 65.1°c 53.9°c 42.1°c
13h:08 50.3°c 43.8°c 65.9°c 55.8°c 40.1°c

Ty T Ts T4 Ts
13h:28 51.1°c 41.2°c 65.7°c 55.5°c 41.6°c
13h:38 51.0°c 45.3°c 64.8°c 55.6°c 40.1°c
13h:48 51.1°c 41.9°c 64.1°c 54.3°c 42.7°c
13h:58 51.8°c 44.0°c 63.9°c 55.1°%c 40.6°c
14h:08 51.3°c 42.5°c 62.4°c 52.6°c 43.1°c
14h:18 51.1°c 42.5°c 62.5°c S51.4°c 41.2°c
14h:28 50.9°c 40.4°c 61.0°c S51.1°c 43.6°c
14h:38 50.5°c 41.3°c 60.3°c 50.8°c 42.2°c
14h:48 50.4°c 40.5°c 59.5°c 50.4°c 42.3°c
14h:58 50.5°c 39.7°c 59.6°c 50.3°c 42.1°c
15h:08 50.1°c 40.3°c 58.2°c 49.7°c 41.6°c
15h:18 49.7°c 40.6°c 58.4°c 49 .4°c 41.2°c
15h:28 49 4°c 40.7°c 56.7°c 47.9°c 40.9°c
15h:38 49.2°c 39.3°c 53.9°c 48.5°c 41.7°c
15h:48 48.7°c 39.6°c 54.7°c 46.6°c 40.0°c
15h:58 47.9°c 39.5°¢ 53.1°% 46.7°c 40.2°c
16h:08 47.7°c 39.4°c 52.7°c 45.5°c 39.1°c

e EEEYEYEY}Y}Y}Y}YYYY——
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Measurement point definitions for each test:

= Ti: Temperature inside the barn

= T, Incoming air temperature

= Ts: Temperature at the end of the solar panel

= T4 Temperature at the center of the solar panel
= Ts: Temperature outside the barn

= Vi: Air velocity exiting the barn by fans

= Vi Air velocity entering the barn

2

Table II1.3: Velocity Measurement

Vi V2 Vi V2
10h:48 3.1m/s 1.4 m/s 13h:38 3.4 m/s 1.2 m/s
10h:58 3.1 m/s 1.4 m/s 13h:48 4.1 m/s 1.5 m/s
11h:08 3.3m/s 1.4 m/s 13h:58 4.1 m/s 1.5 m/s
11h:18 3.5m/s 1.2 m/s 14h:08 3.0m/s 1.5 m/s
11h:28 4.0 m/s 1.4 m/s 14h:18 4.6 m/s 1.7 m/s
11h:38 3.8 m/s 1.2 m/s 14h:28 3.8 m/s 1.3 m/s
11h:48 3.6 m/s 1.3 m/s 14h:38 4.3 m/s 1.4 m/s
11h:58 2.6 m/s 1.2 m/s 14h:48 4.0 m/s 1.3 m/s
12h:08 2.9 m/s 1.4 m/s 14h:58 4.5 m/s 1.2 m/s
12h:18 3.7m/s 1.3 m/s 15h:08 4.1 m/s 1.4 m/s
12h:28 2.4 m/s 1.2 m/s 15h:18 4.2 m/s 1.3 m/s
12h:38 2.6 m/s 1.4 m/s 15h:28 3.2 m/s 1.5 m/s
12h:48 4.1 m/s 1.9 m/s 15h:38 3.3m/s 1.4 m/s
12h:58 2.9 m/s 1.4 m/s 15h:48 2.2 m/s 1.5 m/s
13h:08 4.5 m/s 1.4 m/s 15h:58 3.9m/s 1.4 m/s
13h:28 3.2m/s 1.4 m/s 16h:08 2.9 m/s 1.4 m/s

Figure III1.21 illustrates the variation in solar radiation flux and ambient temperature recorded
throughout the day of May 19, 2025, from approximately 8:30 AM to 2:30 PM. As shown in the
figure, the solar radiation flux increases markedly during the morning hours, beginning at
approximately 550 W/m? at 8:30 AM and reaching a peak value of nearly 1000 W/m? around 12:00
PM. A relatively stable plateau is observed between 11:30 AM and 1:00 PM, during which the
radiation remains close to its maximum level. After 1:00 PM, the solar radiation declines sharply,
dropping to approximately 650 W/m? by 2:30 PM. This diurnal pattern reflects typical clear-sky
solar radiation behavior, primarily governed by the sun’s elevation angle.

Regarding the right-hand axis of the figure, the ambient temperature starts the day at around 36°C
and exhibits a gradual increase as solar radiation intensifies. The temperature rises to a range
between 40°C and 42°C by late morning and early afternoon. Minor fluctuations are observed
around 12:00 PM, which may be attributed to short-term environmental changes such as wind gusts
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General Conclusion

The experimental investigation presented in this thesis demonstrates the significant potential of
integrating Phase Change Materials (PCM) with solar heating systems to enhance thermal comfort
in poultry houses. The study focused on evaluating the performance of a prototype poultry house
equipped with a PCM-enhanced solar air collector, measuring key parameters such as temperature,
humidity, and air velocity under real-world conditions.

The results revealed that the PCM-based system effectively absorbed and stored solar energy,
maintaining indoor temperatures consistently higher than ambient levels by 5 to 11°C. This thermal
stability is critical for poultry welfare, as it mitigates the adverse effects of external temperature
fluctuations. The solar collector, incorporating black-coated iron panels and paraffin-aluminum
PCM, achieved peak surface temperatures of up to 66°C, highlighting its efficiency in capturing and
retaining heat. Additionally, the system exhibited thermal inertia, delaying temperature peaks and
ensuring prolonged heat release, which is particularly advantageous during periods of declining
solar radiation.

The integration of fans further optimized air circulation, ensuring uniform heat distribution and
improving overall system performance. These findings underscore the viability of solar-PCM hybrid
systems as a sustainable and energy-efficient alternative to traditional heating methods, especially
in regions with abundant solar resources.

In summary, this research contributes to the advancement of renewable energy solutions in poultry
farming by addressing the dual challenges of energy efficiency and environmental sustainability.
Future studies could explore the scalability of this system, its economic feasibility, and its
adaptability to varying climatic conditions to further validate its practical application in the poultry
industry. The outcomes of this work pave the way for broader adoption of innovative heating
technologies, ultimately supporting the global transition toward greener agricultural practices.
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