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Abstract

Solar energy is one of the most promising renewable resources, playing a vital role in addressing
environmental challenges and meeting the growing global electricity demand. However, the performance
of photovoltaic (PV) systems remains constrained by various environmental factors. This study
investigates the impact of three integrated solar techniques on enhancing PV panel performance: the solar
concentrator, the aerovoltaic system, and the solar oven. Experiments were conducted in Annaba,
Algeria (geographic coordinates: 36.9° N, 7.77° E).

The adopted methodology involved designing, building, and testing functional prototypes. Results
showed that the aerovoltaic system achieved a net power output of 86.07 W, compared to 84.36 W in the
standard setup, while performance dropped to 23.76 W without ventilation—highlighting the role of
active cooling. The solar concentrator reached a peak power of 0.403 W under 715 W/m? irradiance with
22.5% efficiency, rising to 28% under 510 W/m?2. The solar oven allowed for stress testing at extreme
temperatures up to 117°C, providing insights into PV thermal durability. These findings confirm the
effectiveness of the studied techniques in improving photovoltaic efficiency and reliability under diverse

environmental conditions.

Keywords:
Solar energy, photovoltaic systems, solar concentrator, aerovoltaic system, solar oven, energy efficiency,
Annaba.
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Résumé

L’énergie solaire figure parmi les sources renouvelables les plus prometteuses, notamment pour répondre
aux défis environnementaux et a la demande croissante d’¢lectricité. Toutefois, la performance des
systemes photovoltaiques reste limitée par divers facteurs environnementaux. Cette étude vise a évaluer
I’impact de trois techniques solaires intégrées sur I’amélioration du rendement des panneaux
photovoltaiques : le concentrateur solaire, le systeme aérovoltaique, et le four solaire. Les essais ont été
réalisés a Annaba (Algeérie), située aux coordonnées géographiques : 36.9° N, 7.77° E.

La méthodologie adoptée repose sur la conception, la fabrication et le test de prototypes fonctionnels. Les
résultats montrent que le systéme aérovoltaique a permis d’atteindre une puissance nette de 86.07 W,
contre 84.36 W dans le cas standard, alors qu’elle a chuté a 23.76 W sans ventilation, soulignant
I’importance du refroidissement. Le concentrateur solaire a généré une puissance maximale de 0.403 W
sous un éclairement direct de 715 W/m? avec un rendement de 22.5%, atteignant 28%o sous 510 W/mz.
Le four solaire a permis de simuler des températures extrémes jusqu’a 117°C, révélant la résistance
thermique des panneaux. Ces résultats confirment 1’efficacité des solutions proposées pour ameliorer la

performance et la fiabilité des systemes PV dans divers environnements.

Mots-clés:
Energie solaire, systémes photovoltaiques, concentrateur solaire, systéme aérovoltaique, four solaire,

rendement énergetique, Annaba.
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General Introduction:

Over the past few decades, global energy consumption has risen sharply, driven by rapid
industrialization, urbanization, and population growth. This increased demand has placed enormous
strain on conventional energy resources, primarily fossil fuels such as coal, oil, and natural gas. These
resources are not only finite but also major contributors to environmental degradation, air pollution,
and climate change.

In response, the global transition toward renewable energy sources have become a top priority for
governments, researchers, and industry stakeholders. Among the diverse renewable options, solar
energy is particularly attractive due to its vast availability, geographic accessibility, and versatility in
both centralized and decentralized applications. Photovoltaic (PV) technology, which directly
converts sunlight into electricity without greenhouse gas emissions during operation, has become a
cornerstone of this transition.

Despite its clear advantages, PV systems face several performance challenges. Environmental and
operational factors—including ambient temperature, solar irradiance variability, panel orientation,
dust accumulation, and thermal stress—can significantly reduce energy conversion efficiency and
system longevity. Addressing these challenges is essential to maximize the potential of solar energy.
This study investigates three advanced solar techniques designed to enhance the performance and
reliability of PV systems:

e Solar Concentrators (CPV systems): These devices increase the solar radiation intensity
focused onto PV cells, improving power output but potentially increasing thermal loads.

e Aerovoltaic Systems: Hybrid systems combining photovoltaic electricity generation with
thermal energy recovery and ventilation mechanisms to cool PV panels, thereby enhancing
efficiency and lifespan.

e Solar Ovens (Thermal Simulation Setups): Utilized experimentally here to simulate high-
temperature conditions and evaluate the thermal resistance and durability of PV modules
under extreme heat stress.

To illustrate the rapid development and growing deployment of Concentrated Photovoltaic (CPV)
systems worldwide, this thesis includes several figures and tables that highlight global capacity
growth, regional market trends, efficiency improvements, and key technological advancements over
the last two decades. These visuals provide context on the increasing importance of CPV in the global

renewable energy landscape.



General Introduction.

The primary objective of this study is to analyze the influence of these complementary solar

techniques on photovoltaic panel behavior and efficiency under varying operational conditions. This

includes both theoretical analyses and practical experimentation, offering a comprehensive evaluation

of their real-world effectiveness.

The thesis is structured as follows:

Chapter | presents a broad overview of renewable energy technologies, focusing on
photovoltaic systems. It details their fundamental components, operating principles, and
environmental factors affecting their performance.

Chapter Il delves deeper into the selected solar enhancement techniques. It discusses their
working mechanisms, theoretical impact on PV system behavior, and reviews relevant
literature. This chapter also integrates data-driven insights and graphical representations
showing the evolution of CPV systems globally, demonstrating their technological and
commercial progress.

Chapter 111 focuses on the experimental setup and results. It describes the design,
construction, and testing of a hybrid aerovoltaic solar dryer, a solar oven for thermal testing,
and a parabolic solar concentrator. The collected data are analyzed to assess how each

configuration affects PV panel efficiency, thermal stability, and overall energy yield.

By combining theoretical study, practical design, and experimental validation, this research aims to

contribute valuable knowledge towards optimizing photovoltaic technologies through innovative

solar techniques that enhance performance, durability, and energy output.
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CHAPTER I: General Overview of Photovoltaic Systems.

1.1 Introduction:

With the global shift towards renewable energy sources, photovoltaic (PV) systems have
become a key solution for generating clean and sustainable electricity. This chapter provides a
comprehensive overview of these systems, starting with an introduction to renewable energy and
its importance, followed by an exploration of PV system components, their operating principles,
and the factors influencing their performance. Additionally, it presents emerging technologies
such as solar concentrators, aerovoltaic systems, and solar ovens. The chapter also briefly
highlights the role of diagnostic procedures in enhancing the reliability and efficiency of PV
systems, a topic that will be explored in greater detail in the following chapters [1].

1.2 Renewable energies:

Renewable energies naturally regenerate and never run out. They are key to moving away
from fossil fuels and fighting global warming, while protecting health and the environment.
Globally, their development is growing fast as countries seek cleaner, more sustainable energy.
In Algeria, abundant solar radiation (over 3000 hours per year) and wind resources offer a
strong potential to expand renewables, reduce fossil fuel dependence, and support sustainable
growth. The main sources of renewable energy are:

. solar energy [2].

. wind energy [3].

. Hydropower [4].

. biomass energy [5].
Renewables are destined to become the most advantageous source of electricity for the planet
and for economic development. Because renewable energy, when produced thanks to
an integrated vision that spans the entire value chain — from the production site to the
suppliers — and with a commitment to mitigating the impacts on local areas and communities,

ends up being truly, totally sustainable [6].

Figure I.1: Different types of renewable energies [1].
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1.3 Solar energy:

To convert solar energy into electrical energy, we need a photovoltaic cell, the assembly of cells
creates a photovoltaic module or a panel [7].

1.3.1 Solar photovoltaic:

The term "photovoltaic" can refer to the physical phenomenon (the photovoltaic effect
discovered by Alexandre Edmond Becquerel in 1839) or the associated technology.

Photovoltaic solar energy is electricity produced by transforming part of the solar radiation by
means of a photovoltaic cell. Schematically, a photon of incident light allows under certain
circumstances to set an electron in motion, thus producing an electric current [8].

1.3.1.1 Module photovoltaic components:

1.3.1.1.1 Glass:

It is a 4 mm thick tempered glass with a low iron content in order to allow better optical
transmission. Its characterization with a spectrophotometer (Varian Cary 500 UV-VIS-NIR) shows
a transmission greater than 95% in the useful range of the solar spectrum 380 nm to 1200 nm [9].
1.3.1.1.2 EVA (EthyleneVinlyAcetate):

EVA is a transparent resin coating photovoltaic cell. It is a transparent, heat-sensitive resin,
formed from chains of copolymers of ethylene and vinyl acetate. EVA, heat-treated between 150
and160 C, has great dielectric, thermal and sealing adhesive properties [10].

The four characteristics that have made EVA a material of choice for encapsulation are:

. it's very high electrical resistivity classifies it as a very good electrical insulator,
. its relatively low melting and polymerization temperatures,
. it's very low water absorption rate,
. its good optical transmission.
1.3.1.1.3 Mylar:

Mylar is a transparent polymer film used to electrically insulate the output connections from the
back of cells, is a transparent polymer film [11].
1.3.1.1.4 Tedlar:

TEDLAR is a fluoropolymer. The back of the module is made of a multilayer tedlar-aluminum
film, whose role against humidity and mechanical shocks is proven, sandwiched between two 180
pum thick tedlar sheets called fluorinated polyvinyl (PVF). To improve the electrical performance
of the module [12].
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1.3.1.1.5 Junction box: It includes [13]:

e Bypass diodes: The bypass diode operates when the sum of the voltage of the cells it
protects is negative and it is blocked in the opposite case.

e A non-return diode: The first use: is to prevent the batteries from discharging into the shunt

resistor of the solar modules at night. This function can be performed globally by the

regulator's switching transistors. This non-return is not the only function of the series diodes? The

second function is to prevent modules in the sun from discharging into modules possibly in the

shade. This is absolutely not serious (apart from additional losses) in very small installations, but

could become so in larger installations, or under high voltages (solar pumps). Furthermore, in the

event of an accident on one or a group of solar modules, the non-return diodes prevent the

phenomenon from spreading to the entire installation.

e Connection cable: The electrical cables equipping the photovoltaic modules generally, have

sections of 2.5 to 4 mm? for an assigned voltage of 1000 V.

1.3.1.2 Operating principle of a photovoltaic cell:

A photovoltaic cell is a sensor made of a semiconductor material that absorbs light energy and
transforms it directly into electric current. The operating principle of this cell uses the properties
of absorption of light radiation by semiconductor materials. Thus, the choice of materials used to
design PV cells is based on the physical properties of some of their electrons that can be released
from their atoms when excited by photons from the solar spectrum and having a certain amount of
energy depending on their wavelengths. Once released, these charges move in the material, forming
an overall direct current (DC). The flow of this current then gives rise to an electromotive force
(emf) at the terminals of the semiconductor, thus corresponding to the physical phenomenon called
the photovoltaic effect. [14]
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Figure 1.2: principle of a photovoltaic cell [2].
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1.3.1.3 The main factors influencing the PV performance:

1.3.1.3.1 Ambient Temperature:

The performance of solar panels is strongly influenced by temperature. High temperatures generally
reduce the efficiency of solar panels, while low temperatures tend to increase it. However, the impact
differs depending on the type of solar cell. Thin-film cells are less sensitive to temperature changes than
crystalline silicon cells. In hot weather, thin-film panels will produce more electricity than crystalline
silicon photovoltaic panels. In cold weather, it’s the opposite.

If you live in an area where temperatures fluctuate, it may be more advantageous to opt for thin- film
panels. If you live in a warm climate, it may be more appropriate to opt for crystalline silicon panels.
Temperature can significantly affect the efficiency of solar panels, so choosing the right panel for your

climate is essential [15].

Figure 1.3: Thermal Inspection of Solar Panels Showing Hotspots [3].

1.3.1.3.2 The intensity of sunlight:

Sun intensity is a factor that affects the efficiency of solar panels. Solar panel cells are devices that
convert sunlight into electricity. Sun intensity can affect the efficiency of these cells. Photovoltaic cells
are most efficient when exposed to moderate sunlight. The amount of electricity produced by the cells
is reduced when sunlight is too strong or too weak. Solar panel systems are equipped with shading
devices to keep the cells in the optimal range. This helps ensure their efficiency. These devices can
greatly improve the efficiency of solar panels by ensuring consistent levels of sunlight [16].
1.3.1.3.3 Shading:

Solar panel cells are most efficient when exposed to direct sunlight. Shading from trees, buildings, or

other objects can reduce the amount of sunlight that reaches the cells. This reduces the amount of
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electricity produced. Shading can sometimes cause hot spots to appear in the cells, which can lead to
permanent damage. To ensure your solar panels get enough sunlight throughout the day, it is essential
to choose their location carefully. If it is not possible to avoid shading, using specialist solar panels can
help reduce the impact of shading [17].

1.3.1.3.4 Climatic conditions:

The efficiency of solar panels is greatly influenced by weather conditions. Solar panels are most
efficient when placed perpendicular to the sun's rays. Solar panels are most efficient when the sun is
directly overhead, which is not the case in most parts of the world.

The efficiency of solar panels is affected by the angle of the sun. When the sun is lower in the sky, its
light must travel further through the atmosphere to reach the panels. The efficiency of solar panels can be
reduced when some of the sunlight is scattered or absorbed before reaching the panels. Clouds can also
have a similar effect, although it is less significant. Solar panels are partially shaded by trees, reducing
the amount of sunlight they receive. However, the shade also helps cool the panels, making them more
efficient [18].

1.3.1.3.5 Duration of use of solar panels:

The efficiency of a solar cell is influenced by the lifespan of a solar panel. Solar panels are made of
semiconductor materials. However, over time, these materials degrade and their ability to convert
sunlight into electricity decreases. Solar panels can become dirty and covered with debris, blocking light
from reaching the cells and reducing their efficiency. To ensure optimal performance, it is essential to
clean and maintain solar panels regularly. When deciding whether or not to replace aging solar panels,
it is important to consider that they typically come with a 20— 25-year warranty. Solar panels can

continue to produce clean, renewable energy for a long time if they are properly maintained [19].

1.4 Conclusion:

This chapter introduced the fundamentals of renewable energy, with a focus on photovoltaic solar
energy, detailing its main components, operating principles, and key environmental factors such as
irradiance, temperature, and shading that affect panel performance. This overview provides the necessary
foundation to understand the real-world behavior of PV systems.

In the following chapter, we will examine complementary solar techniques such as solar concentrators,
aerovoltaic systems, and solar ovens, and analyze their impact on improving photovoltaic system

performance [20].
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11.1 Introduction:
Solar energy remains one of the most promising sustainable solutions to today’s environmental

and energy challenges, driving increased focus on optimizing the performance of photovoltaic

systems under real operating conditions.

In this context, this chapter explores the role of complementary solar techniques that may directly or
indirectly affect the efficiency of solar panels. The study focuses on three specific technologies:
solar concentrators, aerovoltaic systems, and solar ovens each analyzed in terms of their principles,
characteristics, and potential impact on photovoltaic system performance [21].
11.2 Effect of Solar Concentrators on the Efficiency of Photovoltaic Panels:
Higher solar radiation is required to improve the performance of solar energy systems by
increasing the amount of focused sunlight on the surface of photovoltaic panels or thermal receivers
using solar concentrators. It enhances the conductivity of solar power received over a given area.
But this effect is affected by many factors, such as solar radiation intensity, temperature, and

materials manufacturing properties of both panels and concentrators [22].
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Figure 11.1: Concentrated Photovoltaics [4].

I1.2.1Increase in Received Solar Radiation:

Solar concentrators aim the sunlight onto a smaller area of photovoltaic panels in order to
increase the amount of light that falls on the cells. This can be done with lenses or mirrors that
gather and concentrate solar rays on a point or line. Having said that, with the increase in the
intensity of radiation this gives rise [23]:

Increased Photons Impact: On a single photovoltaic cell, an increased number of photons falling
generates a greater amount of electron-hole pairs, which causes an increase in generated electrical
current [24].

Current Enhancement is More Significant: This effect is indeed present, but less intense than the

one produced by the increase in current that produces partial voltage increase [25].
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Improved Energy Conversion Efficiency: As the panels capture higher solar energy,
the overall electricity generation rate is greater, increasing total conversion efficiency of
the system [26].

EARTH'S ENERGY BUDGET
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Figure 11.2: Understanding Solar Radiation [5].
11.2.2Effect of Temperature Increase on Solar Panel Efficiency:

While solar concentrators increase the quantity of received radiation, they also cause an
increase in the temperature of photovoltaic panels, thus reducing their performance. These
effects can be condensed into [27]:

Increased Recombination: Higher temperature leads to an increase in the mobility of the
charge carriers (electrons and holes), as higher temperature means higher thermal energy,
which in some cases leads to increase of recombination events, reducing the cell voltage
difference and energy conversion efficiency [28].

Solar Cells Resistance Increase: Solar cell internal resistance rises as temperatures
increase, resulting in reduced performance [29].

Solution: Implementing Effective Cooling Systems:

Cooling systems such as those below that can lower these impacts of rising temperatures [30]:
Passive Cooling: Using air flow surrounding the panels [31].

Water Cooling: You can also circulate water over the surface of solar cells to evaporate
heat [32].
Phase Change Materials (PCM) cooling: Utilizing materials that absorbs extra heat and

stabilizes panel temperatures [33].
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11.2.3Enhancing Energy Conversion Efficiency with Solar Concentrators:
In this article, we will discuss several ways solar concentrators improve photovoltaic
system performance [34]:
e Lower cost per active material: Conventional panels require more mass of
active materials (e.g. silicon), but in concentrators, sunlight will be focused on a
relatively smaller surface area, reducing the amount of active material in every

panel and thus reducing costs [35].

e Increased Electricity Generation per m2: Due to the intense incoming
radiation, it generates much more electricity than traditional systems of the same
area [36].

e Maximized Output in Areas with High Direct Irradiation: Solar

concentrators can operate in direct sunlight and maximize their performance,

therefore; it is best suited for its implementation in sunny or desert regions [37].

11.2.4 Comparison Between Traditional and Concentrated Photovoltaic Systems

[38]:

Table 11.1: Energetic Comparison between the both PV and CPV systems.

Criterion Traditional Photovoltaic Concentrated Photovoltaic Systems
Systems (CPV)
Received Solar Depends on natural sunlight | Radiation is concentrated and
Radiation intensity intensified
Temperature Low to moderate High temperatures requiring active
temperatures cooling

Conversion Efficiency

Lower due to standard
radiation distribution

Higher due to optimized radiation
concentration

Active Material Cost

High due to the need for a
large surface area

Lower due to reduced active cell
area

Solar Tracking
Requirements

Not always necessary

Essential for precise alignment with
the sun

Rendement (Overall
Efficiency)

- Commercial efficiency:
15% — 22%

- Theoretical maximum: up to
~30%

- Commercial efficiency: 35% —
45%

- Theoretical maximum: up to
~70%

11.2.5 The Importance of Solar Concentrators in Enhancing PV Panel Efficiency:

How Solar Concentrators Can Help Solve the Shortcomings of PV Panels If the effects

of temperature rise are tackled, this new technology, so called as solar concentrators, can be

a very effective solution for improvement of efficiency ratio of photovoltaic panels. These
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tips can be helpful in getting the most out of the system [39]:
e Adopt proper cooling technology to avoid efficiency drop at high temperatures [40].
e Choosing solar panel and concentrator construction materials that have high
thermal resistance to promote long-term performance sustainability [41].

e Designing tracking systems that can optimally orient the panels always towards
the sun during the day [42].

e Incorporation of thermal storage units while the concentration is integrated into
hybrid systems to provide a constant electrical power supply even after sunset
[43].

% Photovoltaics can be established efficiently in plants under solar concentrators,
which increase the amount of absorbed solar radiation. However, they do need
managing heat well to excelicio performance. By utilizing these technologies
appropriately, it can then become possible to strike a trade-off between the
performance enhancement and the reduction of the thermal disadvantages. This
helps increase renewable energy manufacturing and decreases operational
expenses in the long term [44].

11.3. Contribution of the AeroVoltaic System to Efficiency Improvement and

temperature Reduction:

It is a concept and an aerovoltaic solution that provides not only electricity generation
capacity but also utilizes heat—they used this from the air heated by solar panels. The key to
this system is in solving one of the issues plaguing traditional solar panels: the fact that they
become increasingly warmer when in use, ultimately leading to a gradual loss of their

electrical efficiency [45].

Low temperature coefficient

/N The efficiency of Solar PV Panels decrease as
Current (A)| their temperature increases, decreasing their

W X

PERC -0.34 %/C~-0.35%/C

IBC -0.29 %/C

Voltage (V)

Figure 11.3: Aerovoltaic System [6].
11.3.1. Advantages and Disadvantages of the AeroVoltaic System:

The hybrid solar panel offers numerous advantages while presenting some drawbacks.
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Firstly, its energy efficiency is significantly higher compared to traditional photovoltaic
solar panels. Additionally, it optimizes space usage by integrating two complementary
technologies within the same surface area [46].

11.3.1.1 Advantages of the AeroVoltaic Solar Panel [47]:

« Highenergy efficiency: Ranges between 70% and 90%, compared to only 12%
to 20% for conventional photovoltaic panels.

o Greater energy production: A hybrid solar panel can generate up to twice the
energy for a single-family home and up to four times more for a collective
building.

o Optimized space utilization: By combining electricity and heat production in a
single unit, space is saved.

e Eco-friendly technology: Photovoltaic electricity generation does not
produce pollution, making it a fully sustainable and environmentally friendly
solution.

e Unlimited energy source: Solar energy is inexhaustible, free, and naturally
available.

e Long-term economic savings: The hybrid solar system allows financial savings
for up to 20 years, which corresponds to the lifespan of the panel.

o Competitive energy costs: As government subsidies for solar energy
decrease, the selling price of electricity by producers also becomes more
competitive.

11.3.1.2 Disadvantages of the AeroVoltaic System [48]:

e Sensitivity to temperature variations: The higher the temperature, the
lower the panel's efficiency, which can impact overall performance in
extremely hot conditions.

11.3.2 Enhancing Solar Panel Efficiency Through Cooling:

Photovoltaic cells in solar panels absorb heat when exposed to sunlight for extended
periods, resulting in increased panel temperatures that diminish their solar electricity
generation efficiency. At this juncture, the aerovoltaic system activates its functionality,
this process translates into enhanced electricity production specifically in warmregions. The
system avoids excessive energy dissipation by maintaining optimal panel temperature

control, which results in consistent performance and prolonged panel lifespan [49].
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Figure 11.4: Advanced Cooling Techniques of P.V Modules [8].

11.3.3 Potential Applications of Waste Heat Recovery in Aerovoltaic Systems:

Apart from improving photovoltaic efficiency, the aerovoltaic system can also be used to
recover the heat produced for productive use, and thus is an inexpensive and green
technology. Key uses include [50]:

« Hotair from behind the solar panels is blown into the buildings, which drastically
lowers the amount of heating systems used during the winter and therefore
reduces energy consumption.

e Cooling in summer: The system accomplished thermal comfort in summer with
leaving conditioning use is as small as possible via airflow manufacturing.

e Food product solar drying: Warm air can be utilized to efficiently and naturally
dry fruits, vegetables, and other agricultural products to facilitate sustainable
food production.

o Industrial uses: Recovered heat may be utilized in a range of industrial processes
requiring hot air or hot water, such as drying in factories or heating water for other
uses.

« Ventilation enhancement: The system can work in conjunction with mechanical
ventilation (VMC) to help improve indoor air quality and provide more even heat

distribution in buildings.
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11.3.4 The Dual Advantages of Aerovoltaic Technology in Energy Generation:

The aerovoltaic system is a major advancement in solar energy technology, combining
higher photovoltaic efficiency with new applications for heat recovery. This combination of
generating electricity and utilizing thermal energy makes it a smart and sustainable solution
to meet energy needs for homes and businesses while maximizing the use of available
natural resources [51].

11.4 The Parabolic Solar Oven: An Efficient and Sustainable Solution for
Cooking and Sterilization:

The parabolic solar oven is an innovative outdoor cooking solution that harnesses solar
energy to heat food, beverages, and sterilize medical equipment. It operates without the need
for any fuel, making it an economical and sustainable option that helps reduce air pollution
and curb deforestation.

This device functions by converting sunlight into thermal energy, which is then utilized for
cooking and sterilization. The solar collector, designed in a parabolic shape and coated with
a reflective layer, concentrates solar rays onto an evacuated tube positioned at the parabola’s
focal point. The collector is manufactured with a diameter of 600 mm and a depth of 150
mm, while the inner surface of the evacuated tube is coated with aluminium to enhance heat
generation within the cavity.

To maximize efficiency, aluminium foil is used as a reflective layer with a reflectivity of up
to 90%, significantly increasing heat concentration inside the evacuated tube. The materials
to be heated, such as food, water, or medical equipment, are placed inside the evacuated tube
through a designate

tray. Thanks to this design, the maximum temperature inside the tube can reach up to 302°C,

making it a highly effective and reliable solution for cooking and sterilization [52].
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Figure I1.5: Solar Cooking Systems [9].
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11.4.1 Thermal Resistance Assessment of Panels Using Solar Oven Testing:

The testing of panels’ thermal resistance using a solar oven is a valid method for assessing
the thermal safety of panels at high temperatures and identifying possible failures. This
method is achieved by providing temperature exposure to the panels that simulates an
extreme operating environment where performance evaluation and indications of salient

failures may be monitored [53].

Figure 11.6: Solar Cooking- an Overview [10].
11.4.2 Testing Principles [54]:
e Heating Up the Panels: The panels are placed at a high temperature within the

solar oven for a defined time.

e Observing Changes: The panels are monitored both electrically and physically
during and post-testing for characteristics such as cracking, thermal growth, and
efficiency degradation. Objectives of the Test:

e Thermal Durability: Evaluate the panels and their functionality under thermal
degradation.

11.5 Conclusion:

This chapter explored the influence of selected solar techniques on the performance of
photovoltaic systems. The analysis focused on solar concentrators, aerovoltaic systems, and
solar ovens, each offering different approaches to enhancing energy conversion or
evaluating panel resilience under specific conditions.

These technologies were examined for their potential to either improve system efficiency or
simulate operational stress, contributing to a better understanding of performance variation.
The next chapter will present the experimental implementation of these concepts through

the development and testing of practical solar applications [55].
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I11.1 Introduction:

Experimental validation plays an essential role in confirming the effectiveness of solar
energy technologies under real conditions. After addressing the theoretical aspects in the
previous chapters, this part focuses on evaluating the impact of selected solar techniques on
photovoltaic performance through practical experiments.

Three systems were tested: an aerovoltaic setup, a solar oven, and a solar concentrator. This
chapter presents their construction, testing procedures, and the analysis of collected data to
assess their influence on the electrical and thermal behavior of PV panels.

111.2 Hybrid aerovoltaic solar dryer:
111.2.1 Principle of the System:

The goal of our work is to design a solar dryer that recovers heat generated by a solar panel
to dry food or medicinal herbs. This approach increases the panel’s efficiency compared to
traditional photovoltaic systems.

The hybrid solar panel consists of a box mounted beneath a standard solar panel, tilted at 41°
(an angle optimized for the Annaba region). This box captures waste heat from the panel’s
underside, simultaneously acting as a cooling system. It is connected to a drying chamber via a
pipe. The chamber is constructed from a refrigerator’s freezer compartment due to its superior
thermal insulation.
111.2.2 Materials and components:
111.2.2.1 Box beneath the solar panel:
e Primary Material : Wood.
e Internal Dimensions:

* Length: 1.02 m.

* Width: 0.667 m.

* Height: 0.05 m.
e Insulation:

* Polystyrene (for thermal insulation).

* Aluminium foil (for heat reflection).
e Useful volume : 0.0340 m3.
e Drying surface area : 0.6803 m2,

e Surface-to-volume ratio : 20.0088.
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111.2.2.2 Drying Chamber :
o Material: Repurposed freezer compartment (from a refrigerator).
o External Dimensions :
o Height: 0.48 m | Width: 0.70 m | Depth: 0.62 m.
e Internal Dimensions :
o Height: 0.335 m | Width: 0.59 m | Depth: 0.425 m.
o Insulation : Refrigerator-grade thermal insulation.
e Useful Volume : 0.0840 ms3.
e Drying Surface Area : 0.1976 m2,
e Surface-to-Volume Ratio : 2.3523.
111.2.2.3 Ventilation System :
Two fans are incorporated :
e Heat Recovery Fan :
o Location: Box beneath the solar panel.
o Specifications : 1A/ 12V.
o Function: Panel cooling and waste heat recovery.
e Air Circulation Fan :
o Location : Drying chamber.
o Specifications : 2.5A / 12V (turbine-type).
o Function: Ensuring uniform hot air distribution.
111.2.3 Solar Dryer Construction:
111.2.3.1 Heat Recovery Box Fabrication:
The box was constructed using:
e Materials: Recycled wood scraps and plywood remnants sourced from a local carpentry
workshop.
e Construction Process: The manufacturing steps were executed as follows:
1. Wooden boards were arranged inside the box to form a serpentine air channel.
e Purpose:
- Maximize heat recovery.

- Ensure efficient hot air circulation.
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Figure I11.1Formation of a Serpentine Air Channel Using Wooden Boards.

2. The outer surface of the box is painted black to maximize heat absorption and seal the pores

(see Figure 111.2).

Figure 111.2 Black Coating for Heat Absorption and Sealing.

3. The inner wall of the box is lined with polystyrene (Figure 111.3), and aluminum foil is glued

onto it to enhance thermal insulation (Figure 111.4).

Figure I11.3 Polystyrene Lining for Thermal Insulation.
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Figure I11.4 Aluminum Lining for Thermal Insulation.

4. A fan (salvaged from a computer) is placed opposite the lower openings of the box to draw
hot air into the drying chamber (Figure I11.5).

Figure 111.5 Computer Fan Installed to Draw Hot Air into Drying Chamber.

5. The solar panel is mounted on top of the box, as shown in Figure 111.6.

Figure 111.6 Installation of the Solar Panel on Top of the Box.
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111.2.3.2 Construction of the Drying Chamber
1. A defective refrigerator is cut open to separate the freezer compartment, which will be
repurposed as a drying chamber.
2. A4.5cmradius hole isdrilled in the lower section of the freezer to install a fan (typically
used for cooling light vehicles). This fan circulates hot air inside the freezer, preventing
food spoilage during the drying process (Figure 111.7).

Figure 111.7 Fan Installation for Preventing Food Spoilage During Drying.

3. The exterior surface of the freezer is painted black to:

e Completely prevent light from entering the drying chamber (Figure 111.8)

e Avoid light-induced degradation of the products' composition

This preventive measure ensures better preservation of the food's properties during the
dehydration process.

Figure 111.8 Black Coating of Freezer to Prevent Light and Preserve Food Composition.
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4. The box is connected to the drying chamber via a flexible aluminium duct. Finally, both
fans are wired in parallel to the solar panel, each featuring an independent cut-off switch
for easier operation of the solar dryer. Figure 111.9 shows the final configuration of our

solar dryer.

Figure 111.9 Box Linked to Drying Chamber via Aluminum Duct; Fans Wired in Parallel with
Cut-off Switches.

111.2.4 Experimental Results:

Once the dryer was completed, the following measurements were taken:

e Ambient temperature.
e Voltage and current output from the solar panel (without the heat recovery system).

o Generated power (calculated).
The results are shown in Table 111.1, which summarizes the measurements taken with the

panel alone (without the heat recovery system).
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Table 111.1: Table Illustrating Photovoltaic Panel Behavior Without Cooling or Heat Recovery

Systems.

Time Ambient Voltage Current Measured output
(min) Temperature T(C®) U(v) I(A) power P(w)
8:30 26.9 19.80 3.85 76.46
9:00 24.6 18.73 4.16 77.91
9:30 35.7 18.52 3.24 60.00
10:00 34.2 18.3 4.61 84.36
10:30 34.8 18.40 4.56 83.90
11:00 35.2 18.33 4.51 82.66
11:30 35.6 18.1 4.36 78.91
12:00 37.6 18.28 4.12 75.31
12:30 37.5 18.17 4.42 80.31
13:00 35.3 18.19 4.3 78.21
13:30 35 18.28 4.6 84.08
14:00 36.7 18.38 2.74 50.36
14:30 35.6 18.42 4.42 81.41
15:00 34.1 18.16 2.16 39.22

The data presented in this table detail the behavior of the photovoltaic (PV) panel operating

under natural environmental conditions, without the implementation of any active cooling or
heat recovery systems. Throughout the morning hours, the power output of the panel exhibits a
steady increase, driven primarily by the rising solar irradiance as the sun ascends. The power
output reaches its maximum level between approximately 10:30 and 11:30 AM, which
corresponds to the period of optimal solar exposure.
However, following this peak, the power output begins to decline even though solar irradiance
remains relatively high. This performance degradation is largely attributed to the thermal effects
on the PV panel. Specifically, the accumulation of heat on the panel’s surface elevates its
temperature beyond optimal operating levels. Since PV cells typically exhibit reduced
efficiency at higher temperatures, this thermal buildup causes a drop in electrical output despite
the continuous availability of solar energy.

The figure below illustrates this behavior, with a noticeable sharp peak in power output

corresponding to the morning increase, followed by a gradual but consistent decline as the panel
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temperature rises. This trend highlights the critical influence of thermal management on the

performance of PV systems. Without effective cooling or heat dissipation methods, the

efficiency of photovoltaic panels can be significantly compromised, reducing overall energy

yield and system effectiveness.

These findings underscore the importance of integrating thermal control strategies, such as

passive cooling, forced air circulation, or heat recovery, to mitigate the adverse effects of

overheating and optimize the operational performance of PV installations.

Power as a function of time

Figure 111.10: Power output curve of the solar panel without heat recovery system as a

function of time.

The second experiment involves measuring:

1. Temperatures (ambient and drying chamber).

2. Voltage and current output from the solar panel connected to the cooling system

(chamber inactive, fans off).

The panel’s power output is then calculated.

Table 111.2: Measurements with panel linked to the heat recovery system (fans disabled).

Time Ambient Temperature in | Voltage | Current | Measured output
(min) Temperature T(C®) | drying box T(°C) U(v) I1(A) power P(w)
8:30 24 33.7 18.87 3.98 75.10

9:00 24.8 32.8 18.7 4.37 81.71
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9:30 35.8 33 18.66 4.58 85.46
10:00 33 33.8 18.4 4.66 85.74
10:30 36.1 38.1 18.22 4.55 82.90
11:00 351 37.8 18.32 2.44 44.70
11:30 32.7 343 18.3 3.47 63.50
12:00 36.5 32.9 18.2 2.83 51.50
12:30 36.2 34.2 17.83 1.50 26.74
13:00 35.9 36.6 18.00 1.32 23.76
13:30 34.8 331 18.12 2.18 39.50
14:00 37.9 33.2 18.40 4.60 84.64
14:30 33.8 35.8 18.49 4.49 83.02
15:00 355 34.6 18.56 4.37 81.10

This table presents the results of the second experiment, where the PV panel is connected to
the heat recovery box but the fans remain turned off. Initially, the panel’s performance closely
matches that of the baseline test, reaching a peak power output of 85.74 W at 10:00 AM.
However, the decline in output occurs earlier and more sharply compared to the previous
experiment. By 1:00 PM, the power has dropped significantly to only 23.76 W, despite ambient
temperatures remaining relatively high.

This indicates that without active airflow, the heat recovery system acts as a thermal trap,
causing heat to accumulate underneath the panel and consequently reducing its electrical output.
The lack of ventilation leads to heat buildup, which adversely impacts both the voltage and
current generated by the panel. Therefore, although this setup is conceptually designed to
improve energy efficiency, it can have the opposite effect and reduce overall performance if
not coupled with sufficient thermal management.

The following graph illustrates greater fluctuations and an earlier decline in power output
compared to the previous test, confirming that passive heat accumulation without proper

ventilation degrades PV panel performance.
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Power as a Function of Time

10:30 11:00 11:30 12:00 12:30 13:00

Time (min)

Figure 111.11: Power output curve of the solar panel connected to the heat recovery system as

a function of time.

The third experiment involves :
1. Extracting hot air from the heat recovery chamber.

2. Channeling this air into the drying compartment.

3. Recording measurements after 15 minutes of fan operation:

o Temperatures (ambient and recovery chamber).
o Panel voltage and current.

4. Calculating the panel's power output.

Table 111.3: Measurements with panel connected to the thermal energy recovery system and

air flow directed to the drying chamber.

Time Ambient Temperature Voltage | Current | Measured output
(min) Temperature T(C°) In box T(C°) u(v) I(A) power P(w)
8:45 34 35.3 18.61 4.44 82.62

9:15 34 35.3 18.66 4.44 82.85

9:45 33.8 35.7 18.55 4.64 86.07
10:15 37.8 38.3 18.34 4.65 85.28
10:45 34.1 38.8 18.20 3.90 70.98
11:15 34.3 39.6 18.2 2.50 45.5
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11:45 34.3 38.00 18.04 1.06 19.12
12:15 36.1 421 18.2 3.12 56.78
12:45 36.2 43.2 18.16 4.5 81.72
13:15 41.8 36.6 18.08 1.87 33.80
13:45 33 39.3 17.35 0.99 17.17
14:15 37 421 18.26 4.53 82.71
14:45 36.1 48.8 18.52 4.28 79.26
15:15 34.8 425 18.32 2.13 39.02

This table presents the results of the third experiment, in which the fans were activated to

extract hot air from behind the solar panel and channel it into the drying chamber. The power
output showed a noticeable increase during the early morning hours, reaching a peak of 86.07
W at 9:45 AM, indicating an improvement compared to the previous experiments. This
enhanced performance is attributed to the partial cooling effect provided by the airflow, which
helped reduce surface overheating of the panel.
However, as both ambient and internal temperatures continued to rise, reaching 48.8°C at 2:45
PM, the cooling system became insufficient to cope with the thermal load, and the power output
declined to 39.02 W by 3:15 PM. This suggests that the ventilation setup cannot fully manage
the heat stress during peak midday hours, leading to a drop in panel performance.

The following figure illustrates a relatively stable power output during the morning, followed
by a gradual decrease in the afternoon. These results confirm that while fan-assisted ventilation
can improve early-morning efficiency, it is inadequate to maintain optimal operating conditions

under intense solar radiation.

Power as a Function of Time

Figure 111.12: Power output curve of the solar panel connected to the thermal energy.
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Remark:
Comparative analysis of the experimental results indicates:
1. Power reduction between Experiments 1/2 and Experiment 3 due to:
o Solar panel heating.
o Inadequate fan capacity for effective cooling.
2. Power fluctuations caused by :
o Environmental factors (cloud cover, temperature variations).

o Measurement uncertainties (temperature sensors).

e The implemented system operates as a heat recovery unit but fails to perform as an active
photovoltaic cooling mechanism.
+« Impact on PV Performance:

The aerovoltaic system demonstrated its effectiveness in improving the cooling of the PV
panel, helping to stabilize voltage output and reduce thermal stress during peak sun hours. This
cooling effect can enhance electrical efficiency and extend panel lifespan under high irradiance
conditions.

111.3 Solar Oven:

The solar box oven is a thermally insulated chamber, equipped with a transparent lid and
reflective interior surfaces. Sunlight passes through the glass and is reflected by the internal
walls until it strikes the dark surface of the container. The energy from these rays is then
converted into heat. To enhance solar radiation capture, aluminum-coated reflectors are
installed on either side of the box, directing light toward the glass at a more perpendicular angle
to the sun's rays. The solar oven operates solely with direct sunlight: the presence of clouds,

fog, or dust reduces radiation intensity and consequently extends the cooking time.

Figure 111.13: The solar box oven.
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111.3.1 Solar Oven Fabrication:
111.3.1.1 The Box:
111.3.1.2 The Frame:
The construction process begins with building the frame. Wooden pieces are cut to specific
dimensions for this purpose.

i 502 ' 492

4
366

Al ' A2

Figure 111.14: Rear Wall. Figurelll.15: Front Wall.

366

Figure 111.16: Left and Right Walls.
111.3.1.3 Box Walls and Assembly onto the Frame:

The box is made up of five walls, as shown in Figure I111-17.

Left Side Wall A4

_ Rear Wall A2
__Right Side Wall A5
Wall Below A1
Front Wall A3

Figure 111.17: Representation of the Box Walls.
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111.3.1.4 The Oven Basin in Aluminum
The oven basin is made from a 0.3 mm thick aluminum sheet, which is cut and folded to
precisely match the interior shape of the box.

B1

Figure 111.18: Folded Aluminum Basin.

111.3.1.5 Assembly of the Box and Aluminum Basin:
The aluminum basin is placed inside the wooden box, ensuring optimal insulation between

the basin and the box using mineral wool or polystyrene foam.

Figure 111.19: Assembly of the Box and Basin [11].
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111.3.1.6 Glazed Door and Reflector:
111.3.1.6.1 The Frame of the Glazed Door:
The frame of the glazed door is fabricated as shown in the following figure.

484

- -
@ - 50x24
: afé. x4

Figure 111.20: Glazed Door Frame.

111.3.1.6.2 The Reflector:
The wooden piece is cut to the specified dimensions below, and then a self-adhesive mirror

paper is applied to its surface.
502

502

&

Figure 111.21: Reflector.




Chapter I11: Experimental study of solar technique.

111.3.1.6.3 Assembly of the Reflector and Glazed Door:
The assembly of the reflector with the glazed door is carried out as shown in the following

x ____________ Roflactor @ [ P —

|
|
Window Frama m
Profile
PR S s ot b B x4

figure.

Figure 111.22: Assembly of the Reflector and Glazed Door.

111.3.1.7 Final Assembly
The final assembly is carried out in eight steps, as illustrated in Figure 111.23.

Figure 111.23: Final Assembly.
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111.3.2 Experimental Tests:

Table 111.4: Results of the Tests Conducted on the First Day of testing, January 27, 2025.

Time Global radiation Climate Oven Temperature
(h) (W/m2) Temperature (°C) (°C)
8:30 420 17 0
8:45 630 17 50
9:00 840 18 55
9:15 660 18 60
9:30 1245 18 75
9:45 1230 19 82
10:00 1200 19 93
10:15 1410 20 100
10:30 435 20 95
10:45 435 20 87
11:00 390 21 85
11:15 780 21 80
11:30 900 21 87

This table illustrates the evolution of the oven’s internal temperature in response to increasing
solar irradiance. Starting from 0°C at 8:30 AM, the oven temperature rose steadily, reaching a
peak of 100°C by 10:15 AM, which coincided with the maximum recorded solar irradiance of
1410 W/m2, This strong correlation indicates that the oven effectively harnesses solar energy
during the early hours of the day.

However, after reaching this peak, the oven temperature began to decline, despite relatively
stable ambient conditions. This unexpected decrease may be attributed to several factors, such
as temporary cloud cover reducing solar input, heat losses through the oven's structure, or the

limitations of thermal insulation at high internal temperatures.
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Table 111.5: Results of the Tests Conducted on the Second Day of testing, January 28, 2025.

Time Global radiation Climate Oven Temperature
(h) (W/m?) Temperature (°C) (°C)
8:30 1140 19 0
8:45 1200 22 96
9:00 1230 23 102
9:15 1290 23 105
9:30 1290 23 106
9:45 1260 23 109
10:00 1245 24 110
10:15 1215 24 114
10:30 1215 24 114
10:45 1230 24 115
11:00 1230 24 116
11:15 1290 24 117
11:30 1305 24 117

On the second day, the solar oven demonstrated improved performance. Beginning at 0°C at
8:30 AM, the internal temperature rose rapidly, reaching 117°C by 11:30 AM, under stable
solar irradiance levels exceeding 1200 W/m2. This enhanced efficiency is attributed to more
favorable weather conditions and slightly higher ambient temperatures compared to those
observed on the first day.

The following figure illustrates a clear correlation between the intensity of absorbed solar
radiation and the resulting oven temperature, confirming the oven’s strong dependence on solar

input for thermal performance.
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Figure 111.24: Variation of the Oven Temperature Over Two Days.

This graph illustrates the power output of the solar panel operating without any heat recovery
or cooling system. The curve displays a gradual increase in electrical output during the early
morning hours, reaching a peak between 10:30 and 11:30 AM. Following this peak, a noticeable
decline occurs, even though solar irradiance remains consistent.

This downward trend reflects the adverse impact of thermal accumulation on the panel’s
performance. As the surface temperature of the panel increases, its electrical efficiency
diminishes due to the temperature sensitivity of photovoltaic cells. The shape of the curve
clearly confirms that in the absence of active or passive cooling strategies, the panel suffers
from overheating, leading to a significant reduction in power output.

% Impact on PV Performance:

Although the solar oven is primarily a thermal application, it enabled simulation of extreme
temperatures, providing useful insights into the thermal tolerance and material behavior of PV
modules under harsh conditions. This test environment helps assess how PV systems respond

to high thermal loads, contributing to durability analysis

38



Chapter I11: Experimental study of solar technique.

111.3.2.1 Tests on the Oven's Operation:
111.3.2.1.1 The Procedure:

To test the proper functioning of the oven, the following experiment was conducted: a glass
container containing water and an egg is placed in the center of the oven, and checks are made

every 15 minutes.

Figure 111.25: Container Containing an Egg. Figure 111.26: Container Inside the Oven.

Figure 111.27: The Egg Prepared After 30 Minutes.
111.3.2.1.2 Observation:

It was observed that after the first 15 minutes, the egg white is cooked, and after 30 minutes,

the egg is fully cooked.
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111.3.2.1.3 The Result:

From this experiment, it can be concluded that the solar oven is capable of cooking food.
However, compared to an electric wave oven or traditional cooking, the cooking time with a
solar oven is much longer.

111.4 solar concentrators:

We will examine the various stages involved in the development of the offset-type parabolic

solar concentrator. This type was chosen due to its availability and its effectiveness in avoiding

the shadow effect on the reflector.

Figure 111.28: General overview of the prototype.

111.4.1 Description of the different parts of the prototype:

The test bench consists of an offset parabolic dish covered with a highly reflective film, with
monocrystalline solar cells placed at its focal point.
111.4.1.1The Reflector:

The reflector is made from an old satellite dish, which was first covered with glossy paper to
smooth out surface irregularities and reduce roughness. A self-adhesive aluminum reflective
film was then applied to the surface to create the reflector, with the film’s shiny side oriented
toward the sun.

To minimize optical imperfections on the reflective surface, the aluminum film was cut into

small strips before being applied. Figure (111-29) illustrates the main construction steps.
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Figure 111.29: The steps for constructing the reflector.

The aluminum reflector is made of Mylar type material with a reflectivity coefficient greater

than 0.85. The geometric characteristics of the parabola are provided in the following table:

Table I11.6: Geometric Characteristics of the Reflector.

Geometric Characteristics of the Reflector
Diameter D=1.81m
Size H=0.26m
Focal length F=0.78m
Aperture area Aa=2.57m?

Once the parabola is completed, a mounting frame must be constructed on which it will be

placed, as shown in Figure 111.30.

Figure 111.30: a) Rear view of the prototype, b) Front view of the parabola before the start of

the experiment.
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111.4.1.2 Description of the Receiver:

Four basic solar cells are connected in parallel to increase both current and voltage, resulting
in higher electrical power output.
These cells are mounted on a heat sink to effectively dissipate heat and are protected by a
transparent glass cover on the front surface to shield them from external elements.

Figure 111.31: The placement of the cells on the heat sink.

111.4.2Experimentation:
111.4.2.1 Determination of the focus of the dish:

Remember that the role of the parabola is to concentrate all the solar radiation received
towards a point (focus). It should be noted that our parabola is not quite round. We found a
focal length equal to 0.78 m.

We will also proceed to the experimental determination of this distance by proceeding to the
localization of the luminous point resulting from the light reflected by the curved surface of the

parabola figure 111.32.

Figure 111.32: Determination of the focus of the dish
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111.4.2.2 Measuring the temperature of the fireplace

The test consists of evaluating the distribution of the concentrated flux at the focus of the
dish. This can be achieved by the temperature distribution in the focal spot. The measurement
of the different temperatures at the focus of the dish is provided by thermocouples of type K
figure 111.33. This measurement allows us to precisely locate the position of the focus by placing

thermocouples at different radial distances at the focus from the center.

Figure 111.33: K-type thermocouple

The photos in Figure 111.34 show the location and binding of the thermocouples to the data

acquisition.

Figure 111.34: The location of thermocouples in data acquisition

To determine the temperature at the hearth, tests were carried out under varying metrological

conditions and for different periods.
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111.4.2.3 Data acquisition:
A Fluke Hydra Series Il type logger is used for data acquisition. It allows the reading of the
various parameters, namely: the ambient temperatures and that of the cells placed at the focus

as well as the solar irradiance and the voltage delivered by the cells, see figure 111.35.

87

Figure 111.35: Data logger type FLUKE HYDRA SERIES II.

111.4.2.4 Installing the hub:

We know that the parabolic concentrator works when the sun's rays are parallel to its axis.
So, it must be placed in a bright and well-ventilated environment, with a clear sky, avoiding
shady areas around the equipment. The system is directed towards the sun, and the measuring
devices (pyranometers and thermocouples) are installed to measure the illuminance and
temperature at the receiver. The sun is tracked manually to always obtain a good focal spot.
111.4.2.5 Solar radiation measurement:

The measurement of the incident global illuminance on the surface of our concentrator is
carried out using a pyranometer 111.36. The latter is fixed on a bracket installed parallel to the

surface of the hub. From the voltage Up measured at the output of the pyranometer (inuV), the

value of the solar radiation E (W/m2) is determined by the relationship: E=Up/sensDevice
sensitivity, for CM6B model, Sense = 10.60uV.

~
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Figure 111.36: Pyranometer for illuminance measurement.
A second pyranometer, whose sensitive surface is obscured, is used to measure diffuse

illuminance. The value of the direct illuminance is obtained by difference.
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Direct illuminance = Normal global illuminance — Diffuse illuminance.
111.4.2.6 Thermocouples:

A thermocouple is made up of two different conductors of material or assemblies at one end
and subjected to a temperature gradient generated at their ends, a voltage dependent on the
temperature and the choice of the two materials is then delivered.

111.4.3 Measurement technology and connections:
111.4.3.1 Principle:

If a temperature deviation is present along a metal wire, a load transfer occurs depending on
the characteristics of the material. The energy conversion generates an emf within this
conductor, the size and direction of which depend on the material, the direction, and the
temperature gradient.

This is why the thermoelectric effect with 2 welded conductors is used together at one of their
ends. A measurable voltage at the free ends is then obtained in the presence of a temperature

gradient.

Thermocouple Temperature Measurement

o——

IQSdirectory.com

Figure 111.37: Principle of operation of a thermocouple.

111.4.4 Data analysis and interpretation of the results obtained:

In this part, we will present the effect of solar concentration on the parameters of
monocrystalline photovoltaic cells (4 cells placed in parallel), Voc, Icc and the variation of
conversion efficiency as a function of illumination for different values of variable resistances.
Finally, the simulation is carried out in Matlab/Simulink according to a program which is

presented in Figure 111.38:
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Figure 111.38: Simulation program in Matlab/Simulink

111.4.4.1 Characteristic | (V) and P(V) under concentration:
e 1st experience :
The test performed for direct illuminance 1d=715 W/m?2 is shown in Table Ill.7 and the

characteristics are shown in Figures 111.39 and 111.40.

Table I111.7: measured values of the voltage and current generated by the cells under

illumination 1d=715w/m2.

I(A) 0.46 0.38 0.4 0.35 0.32 0
V (V) 0 1.007 | 1.007 1.02 1.045 1.29

his table reflects the first test under high direct irradiance. The current reached 0.46 A and
voltage 1.29 V, producing a peak power of 0.403 W. The cell temperature rose to 140°C,
indicating intense heat buildup. While the electrical output is significant, this level of heat may
lead to degradation if not controlled.
The next figures illustrate the I(V) and P(V) curves, showing strong performance under
concentrated light with noticeable power gain. However, the thermal impact on the cells is

evident and must be addressed.
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Figure 111.39: the 1(V) curve under concentration with 1d=715W/m2.
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Figure 111.40: The P(V) curve under concentration with 1d=715W/mz2,

) 2nd experience
This time the measurements are taken under direct illumination 1d=510 W/m?2 as shown in Table

I11.8 and the characteristics are illustrated in Figures 111.41 and 111.42:

Table 111.8 measured values of the voltage and current generated by the cells under

illumination 1d=510w/m?

I(A)

0.4

0.35

0.325

0.29

V (V)

1.022

1.0025

0.9375

1.027

This table presents the results of the second experiment using the solar concentrator under a
direct irradiance of 510 W/mz2. The current values range from 0.4 A to 0 A, while the voltage

varies between 0 V and 1.027 V. These values indicate a moderate level of electrical output,
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showing that the panel responded to the available light but without reaching its maximum
potential.
The next curves demonstrate effective energy generation despite lower irradiance. The results

underscore the importance of thermal management in maintaining high efficiency.
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Figure 111.41: The curve 1(V) under concentration with 1d=510 W/m?
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Figure 111.42: The P(V) curve under concentration with 1d=510W/m?
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o 3rd experience
The results of the last experiment, which is carried out under an overcast sky with an
illuminance 1d=194 W/m2, are shown in the table and the characteristics are illustrated in
Figures I11.43 and 111.44.

Table 111.9: measured values of the voltage and current generated by the cells under
illumination 1d=194 W/m?

I(A) 0.3 0.175 0.125 0
V (V) 0 0.41 0.302 0.77

This table displays the third experiment’s results, conducted under low irradiance conditions
of 194 W/m2, likely due to overcast skies. The current starts at 0.3 A and decreases to 0 A, while
the voltage ranges from 0 V to 0.77 V. As expected, the resulting power output is quite low, not
exceeding 0.0717 W.

The following curves reflect poor performance under low light, with significant reductions in
both current and voltage. This confirms that solar concentration is ineffective in diffuse light

conditions.

I(V) curve
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Figure 111.43: the curve I(V) under concentration with 1d=194 W/m?
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Figure 111.44: The P(V) curve under concentration with 1d=194w/m?

111.4.4 Comparative Analysis of Concentrated PV Performance:
The data presented in Table 111.10 and the curves in Figures 111.47 and 111.48 provide a clear
comparative view of the photovoltaic cell performance under different levels of concentrated

solar irradiance. Three experimental conditions were tested: high irradiance (715 W/mg?),
moderate irradiance (510 W/m?), and low irradiance (194 W/m2).
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Figure 111.45: The 1(V) curves under concentration for the different illuminances
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Figure 111.46: P(V) curves under concentration for the different illuminances.
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The following table presents the results of the characterization of all tests:

From the results, it is evident that higher irradiance generally leads to increased current,
voltage, and maximum power output. However, it also causes a significant rise in cell
temperature, which can negatively impact long-term performance if not properly managed. In
contrast, under moderate irradiance, the system produced slightly lower electrical output but
showed a more stable behavior, likely due to less thermal stress. The low irradiance test resulted

in poor output, confirming that concentrated PV systems rely heavily on direct sunlight to be

effective.

Table 111.10: the results of the characterization of all tests

Test 1 Test 2 Test 3
lcc(A) 0.46 0.4 0.3
Vco(v) 2.59 1.027 0.77
Tamb (°C) 38 31 29
Tcell (°C) 140 110 98
Id (w/m2) 715 510 194
Pmax (w) 0.403 0.357 0.0717
FF 0.68 0.87 0.31
N (%) 22.5 28 14.7
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The I(V) and P(V) curves highlight this trend. As seen in Figures 111.42 and 111.43, both
current and power curves shift noticeably depending on the irradiance level, showing clear
performance degradation under cloudy or diffuse light conditions. These comparisons
emphasize the importance of not only maximizing light input through concentration but also
managing the resulting thermal load to maintain optimal photovoltaic efficiency.

111.4.5 Impacton PV performance:

The solar concentrator significantly increased localized irradiance and temperature. When
applied to a PV cell, a notable improvement in electrical output was observed, validating its
potential in performance enhancement, while also highlighting the need for effective thermal
regulation to avoid overheating and degradation.

111.5 Conclusion:

This chapter highlighted the practical potential of solar energy through the development of
three efficient systems: a hybrid aerovoltaic solar dryer, a box-type solar oven, and a parabolic
solar concentrator. Experimental results demonstrated their effectiveness in thermal energy
applications using only renewable sources. These systems offer sustainable, low-cost
alternatives for agricultural and domestic use, reinforcing the role of solar technology in

addressing energy and environmental challenges.
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General Conclusion

This thesis aimed to explore the influence of selected solar techniques on the performance of
photovoltaic (PV) systems, focusing on practical integration and real-world experimentation
within the geographical context of Annaba, Algeria. This region, characterized by an average
solar irradiance of approximately 5.5 kwWh/m?/day, provides a favorable environment for solar
energy applications, yet challenges such as high ambient temperatures can limit PV efficiency.
In the first part of this work, a theoretical foundation was laid, covering the principles of
photovoltaic energy, key system components, and environmental variables influencing PV
output—primarily temperature, irradiance, and heat accumulation. These factors directly
impact voltage, current, and overall efficiency, underscoring the necessity for performance-
enhancing solar techniques.

The second part examined three specific solar enhancement techniques: a parabolic solar
concentrator, an aerovoltaic system, and a solar oven. The concentrator aimed to increase
solar irradiance on PV cells, though it introduced additional thermal stresses. The aerovoltaic
system combined electricity generation with air cooling, improving thermal regulation and thus
enhancing system stability. The solar oven served as a test platform to evaluate the thermal
resilience of photovoltaic materials under extreme heat conditions.

Experimental investigations, presented in the final part, demonstrated the practical benefits of
these techniques under Annaba’s climatic conditions. The hybrid aerovoltaic solar dryer,
equipped with forced ventilation, achieved a peak power output of 86.07 W, surpassing the
baseline PV system output of 84.36 W, and significantly outperforming the passive heat
accumulation scenario, which only yielded 23.76 W. This result highlights the crucial role of
active air cooling in mitigating thermal degradation and boosting efficiency.

The solar oven experiments reached internal temperatures exceeding 117°C, simulating harsh
operating conditions to assess material durability. Meanwhile, the parabolic solar
concentrator attained a maximum power output of 0.403 W at an irradiance of 715 W/m?2, with
an efficiency of 22.5%, and showed improved efficiency of up to 28% at 510 W/m2 irradiance.
However, performance declined notably under diffuse or low-light conditions, emphasizing the
need for effective thermal management and reliance on direct sunlight.

Overall, integrating these relatively simple solar enhancement systems led to measurable
improvements in energy production, voltage stability, and thermal management of PV panels
in Annaba’s environment. The study provides valuable insights into the behavior of
photovoltaic cells under varying thermal stresses and offers a solid foundation for future

developments in energy efficiency optimization, performance monitoring, and fault detection.



General Conclusion.

Nonetheless, the study faced certain limitations, including the constrained scale of experiments
due to material availability and time, as well as the absence of real-time sensor data and long-
term performance monitoring, which could further strengthen diagnostic capabilities and

system optimization.
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