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General Introduction

General Introduction

With a growing global emphasis on sustainable power, solar panels have become a go-to
source for capturing sunlight and converting it into eco-friendly energy. Nevertheless, these
panels' biggest hurdle is the upsurge of their temperature while they are being operated, which
not only causes a decrease in their efficiency but also limits the amount of energy they can
produce. Cooling systems come in handy at this point. They are designed to improve the
thermal performance of photovoltaic panels by employing advanced methods such as water

cooling or using cooling agents like ethylene glycol.

The output of solar panels relies on a number of factors, such as the nature of the materials
employed in construction, conditions of work, and the magnitude of solar radiation received.
During their continuous exposure to sunlight, the cells of panels stock up on heat that is more
than necessary, thus leading to the increase of their temperature that will consequently lead to
the reduction of their output voltage and efficiency of the whole system. Several experiments
have proven that every temperature rise affects the performance negatively. Thus, it is

important to have good cooling systems in place so that they could help reduce this effect.

In general, raising the efficiency of photovoltaic panels requires a study of how their
temperature can be regulated by different methods. One of the very popular ways is water
cooling. In this case, water is sprayed on the panel’s surface in order to cool it and thus
increase its performance. An alternative, however, is the use of a cooling liquid such as
ethylene glycol. This liquid has a very high heat absorption capacity and can therefore
minimize the heat generated in solar cells, thus being a very efficient source of energy

production increase.

In this research, we will also look at the performance of a photovoltaic panel under three
different conditions: without any cooling, with water cooling, and with ethylene glycol
cooling. The result analysis will provide us a way to evaluate the capability of each cooling
technique and identify the most efficient method for solar energy production improvement,

especially in the hot regions like Algeria.

The goal of this research is to give a definitive insight into the best cooling strategies that
can be realistically implemented to increase the photovoltaic panel's efficiency, focusing on
both the technical and economic aspects. We thus intend to unlock the full capacity of solar

energy as a green and dependable power source.
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L 1. Introduction

Energy is a fundamental part of national development and sustainability. Fossil fuels have long been

the most widely used energy source on the world. However, as a consequence of rapid population
growth, improved living standards, and the expansion of energy consuming activities in both developed
and emerging nations, global energy consumption has been put under great pressure . This activities have
raised two major concerns: the depletion of the most readily available energy resources (mostly oil) and
the worsening problem of global warming due to the rapidly rising emissions of greenhouse gases like
carbon dioxide and methane. The challenge facing the planet is to reduce climate change and global
warming by using clean and cost-effective (RE) sources, which should be properly managed and utilized
[1].
Renewable energy is commonly defined as energy generated from natural resources, such as sunlight,
wind, rain, tides, and geothermal heat. Contrary to conventional energy sources (including coal, oil and
natural gas), renewable energies have almost any negative impacts on the environment, as they do not
produce waste or greenhouse gas emissions, therefore, RE stands as the best and most effective solutions
to environmental challenges and concerns regarding energy sustainability.

The majority of renewable energies sources are originate directly or indirectly from the sun. Recently,
solar energy has emerged as the most promising RE options due to its abundance, versatility, and ease of
implementation with minimal environmental impact in terms of land use [2]. The term solar energy
refers to the energy which is harvested directly from the sun. Each day, the sun emits an enormous
amount of energy to the earth’s surface (e.g., in one hour, it receives 172000 TWh of energy), far more
than enough to supply the world’s energy demands if effectively harnessed. Electricity Generation from
the sun can be achieved through photovoltaic panels (PV).

A PV system produces electricity by directly converting solar energy into electrical power using PV
cells (solar panels/modules), which are the system’s most crucial components [3]. PV power generation
systems are highly regarded for their low operational cost, minimal maintenance requirements and
environmental benefits [2]. Table 1 presents the main advantages and disadvantages of PV systems.
Despite the high initial cost of photovoltaic panels, PV systems, particularly grid-connected ones, have
been widely adopted in numerous countries due to their potential economic benefits in the medium and

long term [2].
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I. 2. Definition

Solar energy is one of the best and most efficient ways to generate electricity. It helps
mitigate the alarming acceleration of climate change caused by the emission of large amounts
of carbon dioxide and other pollutants when fossil fuels are used in massive quantities.
However, fossil fuels are a non-renewable resource and will eventually run out.

Given the most readily available source of energy on the Earth planet, solar energy is often
used to generate electricity in two main ways. The first is by using photovoltaic cells (PV),
which rely on semiconductor materials that produce electricity by exposing them to direct
sunlight through the photovoltaic effect. The second way is by converting solar energy into
heat, concentrated solar power (CSP) technology, which is then directed to operate turbines.
According to the International Renewable Energy agency (IRENA), the first method (PV)
technology, has surpassed the second one (CSP) in terms of efficiency, widespread adoption,

and ease of use. [4, 5]

PV Cell
a single solar
cell
PV Panel
a collection of single
solar cells connected
together PV Array
a number of individual
panels elecricaly
connected together

g

Figure I.1. PV cells, panel and array and real panels

I. 3. Principle of Operation of the Photovoltaic Cell

Photovoltaic solar cells, which are composed of a PN-type semiconductor junction,
generate electrical power directly from sunlight through a physical process known as the
photovoltaic effect [6], while emitting no pollutants or environmentally harmful combustion
products. This makes them an environmentally friendly and sustainable option for generating
electricity. The photocurrent production concept of PV cells is depicted in Figure 2,when
sunlight, which contains photons of varying energies, strikes the surface of the solar cell
typically made from semiconductor materials such as silicon the atoms of these materials
absorb photons with energy levels higher than the material's energy band gap. This photon
absorption excites electrons from the valence band into the conduction band, resulting in the

generation of electron-hole pairs.
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The internal electric field at the PN junction plays a crucial role in separating these charge
carriers: electrons are driven toward the negative region and holes toward the positive region.
This immediate and effective separation prevents the recombination of carriers within the cell
and enables electric current flow once the cell is connected to an external circuit. The
electrons flow through the external load from the positive layer to the negative layer,
producing direct current (DC) voltage, typically ranging from 0.5 to 0.8 volts, depending on
the type of semiconductor material used and the specific manufacturing techniques, including
the absorption coefficient, thickness of the active layer, and carrier separation efficiency.

Since the output voltage of a single cell is relatively low and not sufficient for practical
use, multiple solar cells are connected in series to form a photovoltaic (PV) module. These
modules can be further connected in series and/or in parallel to construct a complete PV
panel. In series configurations, voltage values are multiplied while the current remains
constant; in parallel configurations, current values increase while the voltage remains
unchanged. This modular configuration allows for adjustment of the system output to match
the requirements of electrical loads or power inverters.

To analyze and predict the performance of solar cells under varying environmental
conditions, PV cells are typically modeled using an equivalent electrical circuit. This circuit
includes a photovoltaic current source, a diode representing the PN junction, and both series
and parallel resistances to account for losses due to material properties and connection quality.
Solar cell operation is characterized by drift and diffusion currents in reverse and forward bias
conditions, respectively. Most cells operate in reverse bias mode, where the drift current
generated by the electric field in the depletion region is crucial for optimal performance.
When the junction is exposed to sunlight, photons with energies exceeding the band gap
energy are absorbed, resulting in the formation of electron-hole pairs. These carriers are
separated by the electric field within the junction, generating a photocurrent that is directly

proportional to the intensity of the incident solar radiation.

Figure 1.2. Photocurrent generation principle [7]
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I. 4. Classifications of solar PV materials

PV solar cell materials, which represent 90% of the global market, are determined based on
several key factors, including subtle differences in silicon purity, cost, available space, and
operational efficiency. The detailed classifications listed are typically used in commercial

manufacturing processes to ensure the highest levels of quality and performance. [4,8]

(C) Amorphous silicon solar cells

(B) Polycrystalline silicon solar cells

(A) Mono crystalline silicon solar cells

Figure 1.3. The principal types of cells [9]

I. 4.1.The principal types of cells.

Characteristic of cells are present in Table —1.1-. [10]

Tecnology Cells efficiency Cells efficiency Module efficiency
(laboratory ) (production ) (production )
Mono crystalline 24.7% 21.5% 16.9%
Polycrystalline 20.3% 16.5% 14.2%
Amorphous 13% 10.5% 7.5%

I. 4.1.1. Mono crystalline silicon solar cells

Monocrystalline solar panels are known for their elegant appearance, with a uniform color
compared to the bluish hue of polycrystalline panels. Their manufacturing process uses the
Czochralski technique, extracting high-quality cylindrical silicon rods, precisely cut on all
sides, giving them an efficiency of between 20% and 1 %.

These Mono crystalline silicon solar panels are highly space efficient, capable of
generating two to three times more power than thin-film technologies. They also have a
lifespan of approximately 25 years. However, the overall performance of these panels can be
affected by environmental factors such as shade, dirt, or snow accumulation, which can cause
a complete circuit failure. They operate more efficiently in warmer climates, but their

performance may decline as temperatures rise. [11]
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Figure [.4. (A) Crystalline silicon solar cell structure , (B) Working of crystalline PV cell [4]

I. 4. 1. 2. Polycrystalline silicon solar cells

Polycrystalline silicon is produced through several stages, typically involving the melting
of raw silicon and molding into square-shaped molds. After solidification, it is cut into ready-
to-use pieces for further manufacturing. These cells are characterized by sharp edges (not
rounded). The production process for this type of solar cell is simpler and more cost-effective
than the manufacturing of monocrystalline cells, as it reduces raw silicon waste. Additionally,
it offers good efficiency relative to its price, making it one of the most widely used methods

for manufacturing solar panels used in homes and factories. [4]

I. 4. 1. 3. Amorphous silicon solar cells

This type of solar cell is typically used in small electronic devices that require low
electrical power, such as calculators and small digital and electronic watches. The
manufacturing process relies on a technique called stacking, where multiple thin layers of
amorphous silicon are stacked on top of each other, increasing electricity production and
improving efficiency to a range between 6% and 8%.
One of the key characteristics of this technique is that the amount of silicon required for
manufacturing these cells does not exceed 1% of the silicon used in crystalline silicon solar
cells, making it a more cost-effective option for applications that do not require high levels of
energy. [4]
L. 4. 2. Other types
I. 4. 2. 1. Thin-film solar cells (TFSC)

Thin-film photovoltaic cells are considered a good alternative to traditional manufacturing
technologies, as they are obtained by depositing one or several layers of photovoltaic

materials onto a specific substrate. This approach allows for larger-scale production in a
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simpler and more cost-effective manner compared to other solar cells, although it requires
more space due to its moderate efficiency.

Nevertheless, the impact of environmental factors, such as high temperatures, humidity,
and others, is lower compared to monocrystalline and polycrystalline cells, granting them
more stable performance in different environments.

Due to their smooth and uniform surface, these cells have a more aesthetically pleasing
appearance; however, their performance deteriorates at a faster rate than other types of solar
cells, which may make their lifespan the shortest. Nevertheless, their low cost and ease of
production have made them a suitable option for many applications that do not require high
energy levels.

Over the past decade, the market for thin-film photovoltaic cells has experienced rapid
growth, with annual production rates increasing by approximately 55% to 60%, reflecting the
rising demand for this technology. Based on the type of material used in the deposition
process, these cells are classified into different categories(Figure 5), which helps improve

their efficiency and expand their use in modern solar energy systems. [12, 13]

Efficiencies of solar cells

Record-breaking cell 2014 [N 45

3rd generation 35

Shockley-Queisser limit _ 30
1st generation cell |G 15

2nd generation Cd-Te 11
2nd generation CIGS 10

Typical everyday cell - 8
2nd generation amorphous Si - 7

1954 Bell solar cell 6

0 10 20 30 40 50 60 70 80 90 100
Percentage www.explainthatstuff.com

Figure L.5. Efficiency of different solar cells

I. 4. 2. 2. Cadmium telluride solar cells (CdTe)

One of the most notable advantages of cadmium telluride thin-film photovoltaic cells is
their high efficiency, ranging between 9% and 11%. This makes them superior to crystalline
silicon solar cells in terms of cost-efficiency. Their promising performance, combined with
lower production costs, has contributed to their increasing use in large-scale solar energy

projects.
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I. 4. 2. 3. Copper indium gallium selenide solar cells (CIGS)

Copper indium gallium selenide solar cells are among the most promising thin-film
technologies, offering efficiency levels between 10% and 12%. Their ability to achieve strong
performance makes them a competitive alternative to conventional silicon-based solar cells.

However, the presence of cadmium selenide (a highly toxic compound) poses a significant
challenge to this technology, limiting its widespread acceptance and necessitating the

development of safer alternatives. [4]

I. 4. 2. 4. Building-integrated photovoltaic

This advanced approach combines materials and techniques from crystalline-based and
thin-film solar cells to create integrated energy solutions for buildings. BIPV technology
allows photovoltaic cells to be embedded seamlessly into facades, roofs, windows, and walls,
transforming traditional structures into energy-producing elements. Despite its numerous
advantages, the higher costs associated with integrating solar materials with conventional
building components make it a more expensive option compared to standard solar
installations. However, on going advancements in this field are gradually improving the

feasibility and affordability of BIPV systems. [4]

I. 4. 2. 5. Nano crystals in solar cell technology

The efficiency of current solar cell technologies varies (Figure 6) , with first-generation
solar cells reaching approximately 22%, while second-generation cells operate at around 15%.
The theoretical efficiency limit, known as the Shockley-Queisser limit, defines the upper
efficiency threshold between 31% and 41%.

Nano crystal solar cells are an emerging technology designed to surpass this theoretical
limit. These cells feature substrates coated with selected nano materials such as cadmium
telluride (CdTe), copper indium gallium selenide (CIGS), or silicon. The use of these
advanced materials enhances light absorption and improves efficiency beyond conventional
methods. In addition to increasing energy output, nanocrystal solar technology holds promise
for reducing production costs, making it a more economically viable option. However,
challenges related to electrical conductivity must be addressed to ensure optimal performance

and reliability. [4]
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Figure 1.6. Nano-Crystal technology

I. 4. 2. 6. Organic /polymer solar cells

Recent research has led to significant developments and notable advancements in the field
of organic semiconductors and conductive polymers, improving the energy conversion
efficiency of photovoltaic cells. Organic solar cells stand out for their low production cost and

large-scale manufacturability, benefiting from widely used polymer coating technologies. [4]

I. 5. Factors Affecting the Efficiency of Photovoltaic Cells

Several factors influence the efficiency of photovoltaic cells, the most prominent being
temperature, the tilt angle, and the proper positioning of the cell to maximize direct sunlight
exposure. Additionally, daily and seasonal variations, such as solar radiation intensity, play a
crucial role. Beyond these, other considerations must be taken into account to achieve optimal

performance.

orientation

el ™

solar

QUST radiation

Factors effecting the
PV power generation

shading o temperature

\ /

wind speed humidity

e

Figure 1.7. The main factors influencing PV power generation.
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I. 5. 1. Temperature Effect

An increase in ambient temperature leads to a rise in the temperature of the solar cell itself,
which in turn causes a decrease in the generated power and the open-circuit voltage of the
photovoltaic cell. Although there is a slight increase in the short-circuit current, the overall

result is a noticeable reduction in the cell's performance efficiency. [14]

I. 5. 2. Orientation

The positioning of photovoltaic (PV) modules plays a crucial role in optimizing sunlight
absorption, which directly influences energy output. The optimal orientation for these
modules varies based on the geographical location of the installation. Incorrect alignment can

lead to a significant reduction in power generation. [14]

I. 5. 3. Solar radiation
The output current of a photovoltaic (PV) cell is directly proportional to the amount of
solar radiation it receives. Consequently, a reduction in solar radiation results in a decrease in

the output current, which in turn lowers the power generated by the PV module. [14]

I. 5.4. Humidity
Humidity plays a crucial role in influencing the efficiency of solar cells. It creates a thin
film of water on their surface, which can adversely affect the performance and reduce the

efficiency of photovoltaic (PV) modules. [14]

Figure 1.8. The impact of humidity on PV panel efficiency

I. 5. 5. Shading

Shading has a direct impact on the amount of electricity generated by photovoltaic cells, as
it reduces the amount of solar energy reaching the cell’s surface. Similarly, the accumulation
of dust can cause partial shading of parts of the cell, which negatively affects its efficiency.

Therefore, it is essential to ensure that photovoltaic systems are free from shading and

11
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obstructions, as these can significantly reduce energy production. However, the effect of
shading is less pronounced in thin-film cells. Studies have shown that shading just one cell
within a photovoltaic module can lead to a significant decrease in the efficiency of the entire

module [14]

I. 5. 6. Wind speed

Wind movement indirectly affects the performance of the solar cell by influencing its
surface temperature. Wind stimulates convective heat transfer currents, which leads to an
increase in the convective heat transfer coefficient. This, in turn, enhances the transfer of heat
from the cell's surface to the surrounding environment. The cooling effect resulting from wind
movement helps reduce the internal temperature of the solar cell, thereby improving its
efficiency [14].
I. 5.7. Dust

The presence of accumulated dust on the surface of a photovoltaic (PV) module obstructs

solar radiation, leading to a decline in its efficiency and a subsequent decrease in energy

output. [14]

Figure 1.9. Dust Accumulation on Photovoltaic Solar Panels

I. 6. Advantages and disadvantages of PV systems.
I. 6. 1. Advantages:

v An energy source that is renewable and costless.

v Produces the electricity that is clean and eco-friendly.

v Does not release harmful gas during the production of power.

v' It has a minor impact on the environment, so it is a good option for sustainable living.

v" Tt runs quietly, which is the reason why it is the best choice for city and residential

settings.
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v Requires significantly less operational and maintenance costs in contrast to other

renewable energy technologies.
v Permits the generation of electricity near the point of use. [14]

L. 6. 2. Disadvantages:

v The installation requires a high initial cost.

v" The installation needs quite a large surface area.

v' The technology is highly dependent on advances in technology.

v' The system's performance is impacted by local conditions and climate change.

v’ Solar panel efficiency still lags behind that of other renewable energy sources.

Integrated or Grid-Tied Systems. [14].

I. 7. Applications of solar PV panels

There are three main types of photovoltaic energy available: off-grid, grid-tied, and hybrid
systems. Off-grid (stand-alone) systems work independently, keeping the energy in batteries
to provide electricity at night.

On the other hand, grid-tied systems connect directly to the power grid, thus not requiring
battery storage. This configuration not only allows more people to utilize solar energy but also
guarantees a strong and stable power supply independent of the climate. Meanwhile, the
hybrid arrangement combines grid connectivity with battery backup, thus securing the
continuous availability of power if the grid fails or there is a power outage. [15]

I. 7. 1. Grid Versus Off-Grid

Areas that are distant and use portable systems have batteries as their only energy supply,
however being in a city they can choose if getting connected to the network or to have their
energy that is based on the capacity and current demand. The integration of the network can
enable to return the electricity left over from the solar panels to the grid during the day and to
pull power from the grid at night [16]. The difference in expense between buying a converter
from DC to AC with a grid controller instead of using batteries is proportionally related to the
scale of the system. One of the benefits of being grid-dependent is the lower risk of having to
change batteries, which are expected to be the main issue with stand-alone systems in the long
run. However, a disadvantage of the grid connection option is the requirement for an adequate
number of solar panels to ensure the system’s generation of power is at a level that utility

companies will accept.
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The grid-connected systems most importantly have to satisfy the technical side of the
integration including voltage regulation, frequency synchronization, harmonic distortion
mitigation, power factor optimization, and rapid response capabilities [16]. The power output
of a solar photovoltaic system decides whether it will mitigate electricity expenses or be a net
power generator that could be sold to the utility provider. As the use of air conditioning goes
up, so does the demand for energy during the summer period, which places much strain on the
grid. Solar panels could be the most reliable option since they produce power right at the time
of highest temperatures [16]. Key Components of a Grid-Connected System:
¢ Direct current to Alternative current Converter: The converter is used for the

purpose of voltage stability.

¢ Maximum Power Point Tracker (MPPT): It is a booster converter for the individual
panels and a buck converter for multiple interconnected panels [16], improving

efficiency .

¢ Capacitor: It reduces voltage and then the DC-AC converter is the one that will

smoothen the flow of the current.

X/

¢ Inverter: The inverter regulates voltage and frequency to conform to the grid

standards.

% Controller: Tracks the grid frequency at regular intervals and then compares it with

the output of the inverter so as to stabilize energy distribution.

GSE
!Off-Grid On-Grid !
e _ ‘ =

=

Battery Bank Generator (Optional)

Figure 1.10. The Difference Between the On-Grid and Off-Grid Solar Power System.

I. 7. 2. Hybrid Systems
A hybrid system is a structure that combines the functionalities of a stand-alone and grid-

connected system. It uses a variety of subsystem controllers which regulate energy
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distribution and support the utility during the operation, store excess energy, and ensure the
energy flow between the system and the grid is managed properly. The basic parts of a hybrid
system that are presented in the figure 2.9 above are the solar panels, a Maximum Power
Point Tracker (MPPT), the charge controller, storage batteries, and an inverter [16].

The charge controller takes care of the batteries, decides if there is a need for charging, the
smart inverter that is coupled with the grid and the system processes the detection of the
power failure. Thereby, the system provides a secure power supply of the grid disconnected
from a grid and a backup power system which can also supply power to the main system in
case of a grid outage. The system employs the same tools as before, albeit some of the parts
need to be changed or adapted. Despite these changes, the advantages of the system remain in
place. It is possible to use a hybrid system in an industrial situation as the system is still
reliable though a little expensive. To be precise, in areas where the loss of power can bring the
production to a halt, people could use this hybrid system as a power backup to keep the

machine running even when there is a grid fault.

Solar Panels Utility Grid
]
s\ﬂ’- DCDB Inverter ACDB Net Meter
= O 1E = =m
= = = A ms Dtract current Alternating current m
- > > 0co <
- b b w il 4

|/
- ﬁ

House

Figure [.11. Hybrid Solar System Diagram

I. 7. 3. Stand-alone solar systems

The immediate applications of solar energy were in space satellites, in which the power
supplies at first were internal sources and lasted only a few weeks or months. A solar cell
integration that extended the operation time for a number of years was introduced in the
satellite designs. The knowledge derived from spaceflights were then implemented in off-grid
areas where electrical infrastructure is not present and the electricity is mainly produced using
diesel generators [15]. As the price of fuel is rising, underdeveloped countries have become
more and more interested in solar energy. Thus, at present, the mission of international
innovation and technology was then set to an effort [15].

Regions that are not connected to the central grid and are requiring power constantly uses

solar panels for the primary source of energy and fuel-powered generators as the backup
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power sources [17]. The configuration of solar panels loaded with the reserve electric power
is that when there is a decrease in solar radiation, it can function the same, and there are other
systems with an excessive number of batteries that still can produce high power [17]. Due to
drastically higher costs which come from the transportation of the fuel, usage of only solar

panels is necessary as the emergency stop .

Sun-Light/Solar Stand-Alone Solar PV System
Radiation

AC Load

Y] PV Modules

Charge Controller Battery Bank Inverter Distribution Board

Figure 1.12. Configuration of stand-alone solar PV energy system.

Stand-Alone Systems have the capacity to power the electricity needs of small scale
applications like streetlights and water pumps or load larger areas such as residential
properties. The basic parts of such a system are the photovoltaic panel, a charge controller,
and a battery. Should AC (alternating current) power be mandatory, an inverter becomes an
indispensable element of the whole set-up. In relation to this, a Maximum Power Point
Tracking (MPPT) is so devised to steer the voltage and cut down the losses to the minimum in
transferring energy power to both batteries and loads. The diversified system specifications
depend on the need of the location being served, especially on the required energy in
nighttime, which demands accurate calculations so as to determine the battery storage and
panel capacity. The reliability is the final factor and it includes the powerfulness and
steadfastness of the system.

Advantages:

1. They do not need to be interconnected within the electric line and are, therefore, self-
reliant.

2. They can provide communities with the electric power supply that is independent of
diesel and gasoline, increasing access to clean technology.

3. They are cheaper in areas that are difficult to reach by the utility company than the

extension of power lines.
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1. 8. Conclusion

The intention of this chapter is to provide a holistic and coherent insight into the
photovoltaic (PV) technology sector by demonstrating the fundamental ideas that form the
paradigm of the field. The first step we took in the chapter was to explain the meaning of
photovoltaic energy and stating the general principles that are used for the sun's energy
transformation into electrical energy, underscoring the concept's significance without dealing

with its details.

We then moved on to enumerate the general categories of the materials that are used in the
construction of solar cells and at the same time showing the heterogeneity in the structure and
properties of these materials that reflect the constant growth in this crucial sector.
Additionally, we touched on the environmental and operational factors that are responsible for
the productivity of photovoltaic cells with the purpose of underlining the key role that they

play in determining the real-life performance of PV systems.

We also brainstormed a few key advantages and obstacles associated with the operation of
photovoltaic systems, with a special focus on the possible threats resulting from lack of
balanced regulatory policy, disproportionately high costs, the environmental, and the technical
issues. By the same token, we were outlining the most frequent applications in the different
types of systems, and no matter the application is in a network of connected systems or the

standalone isolation types, the same broad area is covered therein.
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II. 1. Introduction

Solar energy is considered to be a clean, renewable source for thermal and electrical energy since
photovoltaic solar panels are now widely utilized, with low operating costs and environmental impacts
compared to fossil fuel power plants. While the price of solar panels continues to decrease thanks to
technological advancements, their initial cost is higher than that of conventional power plants. They are,
however, expected to become more competitively priced in the near future. It is true that photovoltaic
panels have low efficiency due to the heat they generate, which in turn, raises their temperature and
subsequently harms their performance. Research shows that every 1°C rise in temperature directly
causes efficiency to drop by 0.5%, thus requiring investigation into water and air cooling methods, low
thermal conductivity materials, solar tracking systems that improve energy capture, as well as the
creation of hybrid panels designed for simultaneous electricity and thermal energy production. Due to
innovative advancements, solar panels are expected to become cheaper and more efficient, increasing

their adoption rate and promoting a sustainable energy future.

I1.2. The Need for cooling

Externally, solar panels are influenced by climatic factors (variables) like sunshine, wind
speed, moisture, temperature, and dust. In controlled environments like the Building
Integrated Photovoltaic (BIPV) systems mounted on the surface of buildings, efforts are
aimed at the reduction of the operating temperature, vertical surfaces (facades) which are not
easily angled toward sunlight present unique challenges). Hence, various overheating
solutions cooling techniques have been developed and reviewed to address the concern of

overheating and effectiveness.

I1. 3. Cooling Technologies Classification

The approaches taken to cool solar cells can be divided into two broad groups:

IL. 3. 1. Active Cooling

This type requires the use of cooling fluids, e.g. air or water, and energy to operate fans or
pumps [18, 19]. Increased energy use is always a negative economically. The balance of
consumption and giving out energy is critical when thermodynamic output of solar cells is

taken into account.
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II. 3. 2. Passive Cooling (natural cooling)
This approach utilizes wind, water, and solid state materials to control heat in space that
needs to be regulated. It is built on three basic techniques:

e Ventilation Cooling
e Hydro Cooling
e Conductive Heat Cooling

Supporting silicon structures, often called heat transfer pipes or cooling tubes combine one
or more radiators called heat sinks [20].

Self-cooling is a new self-sustaining phenomenon that helps conserve resources and capital.

Passive system

ety ‘;‘\ 2 PV panels el
inlet / outlet
Active system

a — P outes

air conditioning
heater

Figure II.1. Active and passive cooling systems

II. 4. Air cooling

Natural airflow cooling is the easiest and the least expensive way which does not lead to
the usage of electricity. However, the efficiency is not the highest due to the low density and
volumetric heat capacity of air as well as its thermal conductivity. The method could be
improved by using wide finned surfaces, similar to metallic surfaces, or by integrating
photovoltaic (PV) modules into the exterior walls of buildings in such a way that there will be
a space allowing the air to flow between the panels and the walls. The temperature of the PV
panels, in this case, drops to 50-70°C.

While cooling through forced air ventilation, an outdoor experiment executed in Singapore
reflected an increase of the insulation capacity of PV panels from 8-9% to 12-14%. The place
is not hot, as the maximum air temperature there only reaches up to 31°C, which in turn

ensures that this cooling system works effectively .[21]
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I1. 5. Water Cooling
IL. 5. 1. Front surface water cooling
IL. 5. 1. 1. Definition

One of the best active cooling technologies that air the front side of solar panels with water
guarantees that the surface temperature is even and it helps in the extraction of scattered dirt
particles [22]. This technique can be a cause of approximately 9% increase in the power
efficiency of solar panels where different cooling rates will depend on the velocity of water
flow through the system.

In the paper released by (K. A. Moharram) and other authors, the study of the
performance of PV panels was carried out using water cooling as means of lessening water
consumption and the electrical power for cooling, in particular, desperate cases of extremely
hot and arid places like desert areas [23]. They developed a spray jet-based cooling system in
which the cooling starts at the point when the PV surface temperature has already reached the
maximum allowable value, according to the model used. Figure.Il.2

(A)

(1) Photovoltaic panel
(2) Solenoid valve
(3) Nozzles

droplets

(B) water cycl —

Figure I1.2. ( A) Schematic diagram of the PV with cooling sprayers[24],
(B) Experimental system [23]

IL. 5. 1. 2. An Additional Benefit of Surface Cooling for Solar Panels.

Solar panels cleaned with water do not simply eliminate dirt and other waste, but also
create a cooling effect which makes their efficiency higher. When the dust is accumulated
frequently in certain areas, like deserts, and no cleaning action is taken, the presence of the
dirt layer becomes a serious hurdle which weakens the performance of the solar panel by
blocking sunlight and can even cause an energy output reduction of 30% within a month. On
the other hand, water-based cleaning can be used to remove such obstacles and to ensure that

the level of light reaching the panels is the most suitable, which in turn will make the
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photovoltaic conversion better. Moreover, the increase in the energy of the water generates a
cooling effect that allows the panels to control their temperature, thus reducing the adverse
effects of the excess heat that would have otherwise happened to the panels.

The regular maintenance of the panels leads to the sustainability of their lives by reducing
overheating and minimizing material wear caused by the accumulation of the dust layers. The
solar industry is going to unveil solutions that are aimed at optimizing water consumption
while keeping the efficiency at the highest possible peak, such as recycled water systems and
self-cleaning mechanisms. Recycled water systems and self-cleaning mechanisms are the
answer to the increasingly hostile solar panel domain and their relevance to the environment

is great and at the same time, the impact of building them is minimal. [25]

Figure 11.3. A view of Water spraying [25]

IL. 5. 2. Back surface water cooling

Backside of the photovoltaic panels was cooled through the water by spraying, which was
then gathered and directed to the receptacle. A re-circulatory mechanism containing borehole
heat exchanger is used for clean water that is used to further increase the cooling effect of the
system, and next, water is re-cycled through the panels so that they are cooled down again in
addition to the other cooling methods, as portrayed in Figure re 15. [7, 26]

Water cooling can also function on the lower side to improve heat conduction or as a
protective shield. Yet, it is of less force than the cooling of the upper side in the temperature

reduction.
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Figure I1.4. System diagram [26]

II. 6. Cooling using Phase Change Materials (PCM)

The range of temperature within which a phase change material operates dictates its
selection. These materials can be obtained both in laboratories and commercially, and they
can be classified into three categories: inorganic, organic, and eutectic mixtures. Thermally,
most of these materials do not possess the all requisite features for storage which makes it
critical to choose the most economical option that fulfills the required property for the system.

Utilizing phase change materials on the photovoltaic modules' rear side aid in keeping the
temperature at the module's melting point. These materials can absorb a certain amount of
heat during the phase change from solid to liquid and release the heat when reverting to solid,
thus helping in thermal stabilization. Furthermore, the control of temperature regulation is to
be done while considering the quantity of the material analysis and the time required for the
analysis. Since the system is built to work under a varying climate, defining the properties of
the material poses a significant challenge. Alternative approaches must be sought owing to the
system's continuous changes in solar radiation, external temperature, wind speed, and the
substantial impact these parameters have on the corners of the photovoltaic module and the

phase change material. [7]
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Figure I1.5. Schematic diagram of water based PV/T-PCM system (dimensions in mm) [27]

II. 7. Peltier

Thermoelectric (T.E.) cooling is also a technology used to reduce the temperature of P.V.
panels by converting excess heat into electrical energy. The system operates based on the
Peltier effect, which allows the panel to be cooled using electrical energy. The fundamental
principles behind thermoelectric cooling include the Peltier effect and the Seebeck effect. In a
specific direction, the Peltier effect induces a thermal flow at an electrified junction, resulting
in heating on one side and cooling on the other. The heating/cooling flow rate depends on
temperature differences and electrical voltage/current. Najafi and Woodbury [28] developed a
model for P.V. cell cooling using a Peltier element, demonstrating the feasibility of integrating
thermoelectric cooling for high-concentration P.V. cells. A study conducted by Borker et al.
[29] experimentally evaluated thermoelectric cooling in P.V. modules, revealing an efficiency
improvement from 8.35-11.46% to 12.26—13.27%. Benghanem et al. [30] observed that the
temperature of P.V. cells decreased from 83°C to 65°C using T.E. modules. For reliability, the
energy consumption of the T.E. module should be significantly lower than the electricity

produced via cooling P.V. panels.
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Figure I1.6. Peltier effect [31]
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II. 8. Fins
I1. 8. 1. Definition
Fins is a term used to describe these parts or components which are used to enhance the
cooling or heating capability of a device by providing additional surface area for heat transfer.
Fins can be found in home heating radiators, car radiators, as well as in the

microprocessors of electronic systems [32].

3 - i
Figure I1.7. A, Heat sink configuration on the back of the PV panel

B, passive cooling systems by air. [7]
I1. 8. 2. Selection of Fins

Fins are fitted when large quantities of heat needs to be removed in small volumes such as
car radiators, air cooled engine casings and evaporators in air conditioning systems. Fins are
more effective with liquids than with gases because the former allows for greater convective
heat transfer. Gases, even if they have a lower transfer rate, do benefit from the presence of
fins. Compared to wider and more spaced apart fins, narrow and closely spaced ones perform
better. While increased spacing yields better results, efficiency is lost due to pressure losses if
the spacing is minimized too much. Furthermore, fin performance improves with higher
thermal conductivity (A). Fins are chosen based on a trade-off between cost, pressure losses

and the rate of heat transfer. Table II. 1. [33]
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Table II. 1. Classification of fins types

Extruded Stamped Bonded Folded Fin

£
@-*-.b

Heated metal is forced Metal stamped to form | Individual fins are Fins are pre-folded and

through a profiled die a particular shape bonded with epoxy to a | then brazed or soldered
pre-grooved base to a plate base

Single fin Assembly swaged Skived

Individual pieces of fin Individual fins are Heated metal is Fin are skived from a

and spacer material are placed in a pre-grooved | compressed into a form | solid piece of Material,

stacked and then brazed | base and then a roller or | mold to the desired usually copper

to create the desired punch will swage the shape

shape sides to the fins

I1. 9. Caloduc

IL. 9. 1. Definition of a Heat Pipe (Caloduc)

A heat pipe is a heat transfer device that is very much efficient, and its principle of
operation is based on a phase transition of a volatile liquid, which then is used for transferring
heat between two solid surfaces. During the process, the liquid is heated and thus evaporates
and then travels as a gas through the pipe to the other end, where it condenses, and there the
heat stored is released. Finally, the liquid gets back to the hot end by means of capillarity,
gravity, or centrifugal force; hence the cycle can go on.

Perfectly, extremely high is the thermal conductivity of the heat pipe, recording even 100
kW/(m-K) for a long pipe, while copper is about 0.4 kW/(m-K) which is only 0.4% from the
heat pipes, what makes them very good heat transfer solutions [34,35]. The canal formed in
the pipe wall allows efficient transfer of heat. In addition, the heat transfer is still a little
limited. What's more, the working fluid should be of a minimum temperature to ensure the
process is effective. Surprisingly, an unplanned increase in the heat transfer coefficient over

the original design can actually cause a negative effect, by depleting the heat pipe’s
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performance rather than improving it. In the same way, the use of a fan as part of the heat pipe
system could potentially work against it, as this could lead to a significantly reduced cooling
efficiency.

Consequently, not only the operating temperature of the pipe but also the maximum heat
transfer capacity are dependent in the closest way on the capillary structure or other methods

by which the liquid is returned to the hot area such as gravity or centrifugal force [36].
Casiing

High temperature Environment temperature Low temperature

Heat pipe thermal cycle

1) Working fluid evaporates to vapour absorbing thermal energy.

2) Vapour migrates along cavity to lower temperature end.

3) Vapour condenses back to fluid and is absorbed by the wick,
releasing thermal energy.

4) Working fluid flows back to the higher temperature end.

Figure IL.8. (a) Schematic figure of the components and the mechanism of a heat pipe

containing a wick. (b) real pipe.

I1. 9.2. Caloduc materials and working fluid

II. 9.2.1.The three main Components of Heat Pipes
Main Parts of Heat Pipes:
1. The outer case
2. The internal wick

3. The working fluid

I1. 9.2.2. Thermal Performance and Selection of Materials:

For heat pipes which are used in operation without maintenance, the most important thing
for long-life, good performance of the heat pipe system is the compatibility of the container,
wick, and working fluid. The thermo-syphons were reinvented in 1963 and since then there
have been many years-long studies that have been done to evaluate material and liquid

compatibility, with some tests that have lasted for many decades. These studies examine the
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possible appearance of several issues, such as non-condensable gas formation, material

transport, and corrosion [37].

Envelope material/wick combinations, together with working fluids that are widely used [38]:

v" Copper / Water: In the field of electronics, it is the most used cooling system.

v Copper or Steel / R134a Refrigerant: This combination is suitable for energy recovery

in HVAC systems.

v Aluminum / Ammonia: This couple is necessary for space vehicle thermal

management.

I1. 9.2.3. Heat Pipe Application by Envelope Material and Working Fluid:

v

Super alloy / Alkali Metals (Cesium, Potassium, Sodium): This couple is reused in

high-temp. heat pipes, especially for the primary temperature calibration.

Stainless Steel / Gases (Nitrogen, Oxygen, Neon, Hydrogen, Helium): This pair is well
suited to pipes that work at below the level of 100 K.

Copper / Methanol: This application is used when the electronic equipment must

operate at lower temperatures than water.

Aluminum / Ethane: This couple is in the spacecraft thermal management when

ammonia is likely to freeze out.

Refractory Metals / Lithium: They are suitable for uses higher than 1,050°C (1,920°F)
[39].

IL. 9. 2. 4. Types of Heat Pipes:

v Vapor Chambers: It distributes heat over surfaces which are seemingly flat.

v’ Variable Conductance Heat Pipes (VCHP): This is a technique that uses heat to turn a

gas non-condensing.

Pressure-Controlled Heat Pipes (PCHP): These types are designed to regulate
temperature precisely.

Diode Heat Pipes: They will accept a huge amount of heat flowing in only one
direction.

Thermosiphons: They change the phase of the liquid back to the heat end with the help
of gravitational force.

Rotating Heat Pipes: It takes advantage of centrifugal forces to get the liquid back to

the evaporator.
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They are all designed to fit their purpose and the applications for each of the types differ, such

as electronics cooling and advanced thermal systems, specifically. [39]

II. 10. Microchannel heat exchanger

One of the common cooling methods among the various, the so-called heat exchanger
technology is a process that efficiently transfers heat from one medium to another or between
different fluids. The best efficiency of the process is at high temperatures. The flow rate of the
cooling medium can be an optimum one utilizing CFD analysis to reach the maximum
efficiency.

Microchannel cooling is quite a good solution to ensure photovoltaic (P.V.) cells to remain
within their optimal performance range. Also, microchannels can be used as P.V.T. hybrid
systems.

Aluminium fins with the help of wind can be very helpful in photovoltaic cell cooling.
Although, among the major challenges that still need solutions for its further adoption are the
feasibility of the experimental setup scaling up and the improvement of microchannel

manufacturing efficiency.

I1. 11. Radiative sky cooling (photonic cooling)

The cooling of the photovoltaic panels that are affected by the combination of the
condition of the atmosphere that allows for transparency in the 8-13 um wavelength band and
the sky, which functions as the heat sink. To cool the P.V. cells the solar power point is being
studied and the contrast between the atmosphere and the outer space, which used to dispose of
the heat, was the main idea that the radiative cooling theory was based on.

The description of the experimental radiative cooling device is the contributions that lead
to the new idea emerging in the field of solar energy (Figure I11.9) [40]. The researchers Zhu et
al. made the first step in their most recent research by testing radiative cooling using solar
absorbers. It was also successfully demonstrated the feasibility of the cooling structure a
transparent photonic structure sharing its function between sunlight transmission and blocking
of infrared radiation, when deployed below a solar panel, without causing any shades on the
panel.

The temperature of solar cells decreased by as much as 13°C when radiative cooling was
exerted. Radiative sky cooling acts as a passive cooling process that is employed in the
thermoelectric generator systems to keep the cold side at temperatures lower, taking

advantage of the thermal gradient between the Earth and the outer space. [41]
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Figure I1.9. Passive Radiative sky cooling.
II. 12. Nano-fluid based cooling
The performance of photovoltaic (P.V.) panels is enhanced using nano-fluids, which consist
of nanoparticles mixed with water to improve heat transfer [42]. Different nanoparticles are
utilized in varying weight percentages to optimize efficiency [42—44]. The nanoparticles used
include:

e Boehmite

e Aluminium oxide (Al,O3)
e Zinc oxide (ZnO)

e Titanium oxide (TiO;)

e Magnetite (Fe304)

¢ Silicon carbide (SiC)

e copper oxide (CuO)

I1. 13. Evaporative cooling Evaporative

Evaporative cooling is an effective technique that leverages water evaporation to lower the
temperature of P.V. panels, similar to how sweat cools our skin on a hot day. The process
relies on the evaporation of water interacting with surrounding air to achieve thermal
equilibrium. Evaporative cooling is one of the most practical and promising methods for heat
management in P.V. systems. Although the expected benefits of evaporative cooling are high,
only a limited number of studies have adopted this approach. The significant aspects of
evaporative cooling are:

e Ease of implementation.
e Much lower cost

e The strategy works well in hot and dry climates (see Figure I1.10).

30



Chapter —II- Cooling systems
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Figure 11.10. Scheme of Evaporative P.V. cooling scheme proposed [45].

I1. 14. Spectrum filter cooling (optical beam spiltter)

Optical beam splitters are also referred to as spectrum filters and they work by allowing a
certain range of light, while the rest is reflected or absorbed. Among the fluids used in PV
collectors are a variety of vapour, organic liquids, and nano-fluids that function as selective
absorbing fluids or as optical filters [46, 47]. One of the strategies to achieve optoelectronics
performance greater than 30% of conversion efficiency is to use a liquid as an optical filter
between sunlight and solar cells (Fig. I1.11). The use of liquid filters can also be seen for
direct sun illumination of solar cells. This is called the low-concentration photovoltaics-
inverted pyramid-tandem with a Lagoda's liquid filter and the lamp so that the light drilling
down multi-junction tandem cells. The optical beam level could be adequate for the pip
environment, which is easy to handle. Liquid, translucent filters may be automatically
controlled by the solar trackers using glocal intelligence at the village, district, regional, and
global levels for operation or by a timely scheduled robot. Heat, pollution, ozone layer
destruction, and intensive sunlight at certain times of the day are transmitted, and they have to
be filtered by the natural environment. Solar radiation in the range from ultraviolet to near-
infrared can be intercepted by easily detector-equipped magnetic and folded with temperature-
optimal liquid filters. [48—50]

e coconut oil,

e silicone oil,

e glycerine,

e cthylene glycol, etc.
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There are good examples of liquid filters. Being the oil that holds the Zoo, he has explored the
use of common household food products for the extraction of bio-hydrogen that is used in
algae production to achieve zero pollution in the cell of an algae reactor. Exhausted mineral

oil as an optical filter that is effectively applied

wmi .I Y

Concentrated Light

2

L

Figure II.11. Sketch of the P.V. cell using a fluid as optical filter [47].

I1. 15. Hybrid/multi-concept cooling systems

Hybrid PV/T systems consist of a photovoltaic module integrated with a thermal absorber,
where optimizing both electrical and thermal performance simultaneously is challenging.
Technically, hybrid PV/T solar collectors can be designed to achieve up to 80% of total
capacity. However, research on various hybrid cooling systems using configurations such as
PV/T + PCM, PCM + nanofluid, heat pipe + heat sink, and heat sink + PCM remains limited.

The integration of nanofluid with a PCM-based PV/T system has been studied and
compared to conventional PV modules [51]. In an experiment conducted by Karami et al,
water-based Boehmite at a concentration of 0.01% was used for cooling photovoltaic panels,

leading to a 27% efficiency improvement [52].

IIL. 15. 1. Key Features of the Integrated PV System
-Operates within a temperature range of 30—100°C.

-The design must balance the reduction in PV cell efficiency with the enhanced

thermal system performance at higher temperatures.

-These technologies offer significant economic benefits for residential and

commercial applications with high electrical and thermal energy demands
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I1. 16. Conclusion

Throughout this chapter, we were familiarized with the basic principles and tactics in the
thermal management of photovoltaic systems. It was explained how the temperature plays a
crucial role in the efficiency and performance of the solar cell. We started by making an
attempt to clarify the idea of cooling and then we indicated and detailed the main factions of
methods of heat prevention in the solar panels. The goal was the broadest possible
presentation of ways to cool, e.g., air and water-based realizations, use of innovative materials
like phase change material, thermoelectric module, and special items such as fins, heat pipes,
and micro channel exchangers. Further, we showed other solutions such as radiative cooling,
Nano fluid applications, evaporative systems, and spectrum filtering that is a signal of growth
in the R&D of this sector. With these solutions in all, we pinpointed the need to marry the
correct thermal management system with the photovoltaic system, with the aim of lengthening
the life of the system, achieving the highest operational efficiency, and making the whole

system convenient for the usage under different climatic conditions.
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CHAPTER —11I- expérimental study
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III. 1. Introduction

Solar energy is a promising renewable resource for a carbon-free future. However,
increased solar panel temperature significantly reduces efficiency, lowering generated current,
voltage, and power. This limits their economic viability in hot regions. This experimental
study aims to address this challenge by testing active cooling techniques to enhance solar

panel performance.

This chapter generally deals with the performance of solar panel when utilized the two
different liquid as the cooling liquid; water and ethylene glycol. The first direct effect of the
cooling method on the panel's temperature will be studied and then this will be followed by
observations of the consequences on the main electrical variables such as the current (I), the
voltage (V), and the generated electrical power (P). This chapter is going to describe the
comparison of the thermal properties of both water and ethylene glycol as the cooling
mediums, and then how these properties contribute to the whole cooling efficiency and solar

panel performance..

The research sets out to give practical insights about the ideal heat management strategies
for photovoltaic panels, allowing them to be used as reference for the designing of more
efficient, reliable, and applicable solar systems in a variety of climatic conditions. The
analysis of the thermal and electrical behaviors of the cooled panels will greatly help
introduce innovative and sustainable solutions that will drive the promotion of solar energy as

a primary source of the new energy landscape.

A- Definition: CATIA :

Acronym of computer-aided three-dimensional interactive application) is a multi-
platform software suite for computer-aided design (CAD), computer-aided manufacturing
(CAM), computer-aided engineering (CAE), 3D modeling and product lifecycle management
(PLM), developed by the French company Dassault Systéemes.

Since it supports multiple stages of product development from conceptualization, design
and engineering to manufacturing, it is considered a CAx-software and is sometimes referred
to as a 3D product lifecycle management software suite. Like most of its competition, it
facilitates collaborative engineering through an integrated cloud service and have support to
be used across disciplines including surfacing & shape design, electrical, fluid and electronic

systems design, mechanical engineering and systems engineering. CATIA is more popular,
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among the end users, for its better surface designing characteristics. That's why it is most

widely used in automobile and aerospace industries.

Besides being used in a wide range of industries from aerospace and defence to packaging
design, CATIA has been used by architect Frank Gehry to design some of his signature
curvilinear buildings and his company Gehry Technologies was developing their Digital

Project software based on CATIA.

The software has been merged with the company's other software suite 3D XML Player to

form the combined Solidworks Composer Player.

CATIA started as an in-house development in 1977 by French aircraft manufacturer
Avions Marcel Dassault to provide 3D surface modeling and numerical control functions for
the CADAM software they used at that time to develop the Mirage fighter jet. Initially named
CATI (conception assistée tridimensionnelle interactive — French for interactive aided three-
dimensional design), it was renamed CATIA in 1981 when Dassault created the subsidiary
Dassault Systémes to develop and sell the software, under the management of its first CEO,
Francis Bernard. Dassault Systémes signed a non-exclusive distribution agreement with IBM,
which was also selling CADAM for Lockheed since 1978. Version 1 was released in 1982 as
an add-on for CADAM.

During the eighties CATIA saw wider adoption in the aviation and military industries with

users such as Boeing andGeneral Dynamics Electric Boat Corp.

Dassault Systémes purchased CADAM from IBM in 1992, and the next year CATIA
CADAM was released. During the nineties CATIA was ported first in 1996 from one to four
Unix operating systems, and was entirely rewritten for version 5 in 1998 to support Windows
NT. In the years prior to 2000, this caused problems of incompatibility between versions that

led to $6.1B in additional costs due to delays in production of the Airbus A380.

With the launch of Dassault Systémes 3DEXPERIENCE Platform in 2014, CATIA

became available as a cloud version.
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B- Relation temperature, PV production, friability

Temperature has a significant impact on the electricity production of photovoltaic solar
panels. Generally, temperatures above 25°C reduce efficiency, while lower temperatures can
slightly increase it. The reliability of solar panels is not directly affected by temperature, but

extreme temperatures can affect their lifespan.

In this chapter we will present the effect of cooling on the efficiency and reliability of the
photovoltaic panel; therefore the objective is to evaluate the thermal and electrical
performance of this panel. In order to improve the operating conditions by cooling with cold
water or by proposing an innovative geometric configuration. Thus, they are based on the
modification of the cooling element on the change of the glycol water cooling fluid (C;HO>).
These changes aim to increase the amount of solar energy absorbed and the heat transfers
between the heat transfer fluid and the absorber or to reduce or even eliminate the external
thermal increases of the solar collector.

During photovoltaic conversion in the solar collector, heat is generated, thus increasing the
temperature at the photovoltaic cell and causing a drop in its efficiency. This phenomenon is
due to the part of the solar radiation not absorbed by the cells and which will cause its heating.
On the other hand, this part of the absorbed radiation is lost in the form of heat. The objective
of this work is to increase the electrical efficiency of the collector, that is to say its electrical

output by reducing the operating temperature.
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I1I. 2. From design to implementation of cooling system

III. 2. 1- Storage Tank Figure IIIL.1.
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I1I. 2. 2- Eblow in T, Chort, long pipe ane eblow in 90°, Figure II1.2.
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I1I. 2. 4- Pump of alimentation and pipe supports, Figure I11.4.
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III. 2. 5- Global assembly, Figure I11.6
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III. 3. Results and discussion

I11.3.1. Tests without cooling

I11.3.1.1. Variation of current in function of temperature.

12,5 1

x 107>

12 +
11,5
11
10,5 1
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9.5

Current intensity (A)

8,5

Current =F( T °C) | without cooling

\Un_derfading of 600 O
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Temperature (*C)

Figure II1.7. Variation in electric current intensity (I (A)) in function of temperature (T(°C))

Figure II1.7.Shows the changes of electric current intensity (I (A)) with variation of

temperature. We can see that when the temperature is rising the electric current of the solar

panel decreases thus the current changed from 12 mA at T = 23°C to 10.766mA at T = 50°C,

under a resistive load of 600 Q.

II1.3.1.2. Variation of Voltage in function of temperature.

Volt = F( T°C) | without cooling |
7.2
? -
=
Q)
[=1i]
4]
E=
= 6,3
6,6 T T T T T T T
20 25 30 35 40 45 50 55 60
Temperature (*C)

Figure I11.8. Variation in voltage (U(V)) as a function of temperature (T(°C)).
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Figure II1.8. Demonstrates the voltage changes U(V) in the in function of temperature. It is
clear that when the temperature rises the voltage of the solar panel is decrease from 7.21 V at
T =23°C to 6.84 V at T = 50°C. So from the graph, we conclude that the voltage is strongly

influenced by the increase in temperature.

II1.3.1.3. Variation of Power in function of temperature.

87 - Power = F(T °C) without cooling
Under loading of 600 O
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Figure I11.9. Variation in power (P(W)) as a function of temperature (T(°C))

Figure II1.9. Presents the changes in the output power P(W) of the solar panel with
variation of temperature. Following the combined drop in the current and voltage with
increasing temperature, solar panel power output is also decreasing thus the output power

changes from 86.52mW at T = 23°C to 73.59mW at T = 50°C, under a resistive load of 600Q.
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I11.3.2. Tests with water cooling

II1.3.2.1. Variation of current in function of temperature

|with water cooling |
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Figure II1.10. Variation in electric current intensity (I (A)) as a function of temperature T(°C)

Figure II1.10. Shows the Electric current intensity (I (A)) variations induced by
temperature. It can be seen that when the temperature goes down by means of a cooling
system which is based on water spraying on the underside of the photovoltaic panel, the

electric current caused by the solar panel goes up from 7.97 A at T=47°C to 1094 A at T =

30°C, under a resistive load of 600 Q.

I11.3.2.2. Variation of voltage in function of temperature

|with water cooling |

Volt = F( T°C)

I T T
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20

r 7.2

- 6,8
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Figure II1.11. Variation in voltage (U(V)) as a function of temperature (T(°C))
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Figure III.11. Depicts how voltage (U(V)) changes with variation of temperature. It is
noticed that the temperature abatement by activating a cooling system (that is spraying water
on the underside of the photovoltaic panel) leads the solar panel voltage to raise from 6.83 V

at T=47°Ct06.96 V at T = 30°C.

I11.3.2.3. Variation of power in function of temperature

|with water cooling | Power = F(T °C) - 87
=
- —
Under loading of 600 Q2 L g7 X
- a7
-7
=3
ST
2
o &
- 57
T T T T 52
B0 55 50 45 40 35 30 25 20
Temperature (°C)

Figure I11.12. Variation in power (P(W)) as a function of temperature (T(°C)).

Figure I11.12. Shows the power output (P(W)) variation of the solar panel with respect to
temperature. Since the current and voltage were simultaneously enhanced after the cooling
(water-based) of the solar panel, the power output of the solar panel also follows the same
trend, going from 53.2057 W at T = 47°C to 76.1424 W at T = 30°C, under a resistive load of
600 Q. This is a major part of the power generated.

I11.3.3. Tests with ethylene glycol C;HsO, cooling
II1.3.3.1. Variation of current in function of temperature.

Figure II1.13. Variation in electric current intensity (I (A)) as a function of temperature

(TC°C))

47



Chapter — I1I- Expérimental study

with Ethylene Glycol C2HeOz cooling Current=F(T°C) 125 “7:3
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Figure II1.13. Variation in electric current intensity (I (A)) as a function of temperature T(°C).

Figure II1.13. The curve of electric current I (A) are presented as a function of temperature.
The experimental data indicate that when the temperature lowers because of the working
cooling system that is carried out by spraying a cooling liquid on the underside of the
photovoltaic panel the current that solar panel generates increases from 10.78 A at T = 59°C to

11.38 A at T= 26°C, under the resistive load of 600 Q.

I11.3.3.2. Variation of voltage in function of temperature

Volt =F(T°C) |with Ethylene Glycol C2HsO2 cooling
- 7,2
F 7 5"‘
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=
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Figure II1.14. Variation in voltage (U(V)) measurements as a function of temperature (T(°C))

Figure I11.14. Shows the changes in the voltage (U(V)) with the variation of temperature.

The experimental data indicate that when the temperature decrease by the effect of cooling
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system that is carried out by spraying a cooling liquid on the underside of the photovoltaic
panel the voltage that the solar panel generates increases from 6.78 V at T = 59°C to 7.1 V at
T=26°C.

I11.3.3.3. Variation of power in function of temperature

| with Ethylene Glycol C2Hs02 cooling‘ Power = F(T °C) a7
[1¢]
Under loading of 600 O 0 S
Eo
= 77
- 72
- 67 2
g
- B2 O
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- 57
52

a0 55 50 45 40 35 30 25 20
Temperature (°C)

Figure II1.15. Variation in power (P(W)) as a function of temperature

Figure III.15. Shows the data regarding the power output of the solar panel P(W) that
depends on temperature. Because of the simultaneous increase of both current and voltage
after the decrease of temperature by using a cooling system that is based on a cooling liquid
the power output of the solar panel also goes up, rising from 73.08 W at T = 59°C to 80.79 W
at T=26°C, under the resistive load of 600 Q. This portion of the generated energy is quite

considerable.
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111.3.4. Comparison of current values without cooling, water cooling and ethylene glycol

cooling

Current intensity (A)  x10°% B
- r 12,5 4 without coling
Under loading of 600 O —— water cooling

L 12
= ethylene glycol cooling

F 11,5 4

S e it A

I 10,5 -
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- 85
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Temperature (°C) Temperature ("C)

Figure II1.16. Comparison of current values without cooling, water cooling and ethylene

glycol cooling

The graph shows the current in relation to temperature characteristics of a pannel that is

under load of 600Q and is cooled with different methods water cooling, ethylene glycol

cooling.
Observations:

Without cooling : The current falls from 12.2mA to 10.76mA when temperature goes up

23°C to 50°C, thus demonstrating that the system suffers from performance deterioration.

Water cooling: The current values display an abrupt change that is identified as the
measurement equipment's instability. However, the instrumental data that are measured with

water cooling are higher than those without cooling at overlapping temperature intervals.

Ethylene glycol cooling (green): Provides a very steady and strong current of about

11.38mA to 10.78mA in a wide range of temperature 26°C to 59°C.

Current Increase: Even with the measuring apparatus' disturbances accounted for, water
cooling can still be used to keep a higher current intensity than that of the non-cooling

situation, thus implying that the cooling is beneficial in energizing the system.

Current Increase and Stability: It is evident that ethylene glycol cooling dominates in this
category, not only can it keep the current value at a far higher level than the "without cooling"
case, but it also guarantees excellent performance consistency.
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I11.3.5. Comparison of Voltage values without cooling, water cooling and ethylene glycol

cooling
Voltage (V)
724 = sithout colling
- ater cooling
ethylene glycol cooling
7
6,8
. . . . . ‘ . . 6.6 ‘ . . . . . . ‘
&0 55 50 45 40 35 30 25 b} 20 25 30 35 40 45 50 55 &0
Temperature (°C) Temperature (°C)

Figure I11.17. Comparison of Voltage values without cooling, water cooling and ethylene

glycol cooling.

The graph shows the voltage (V) in relation to temperature (T) characteristics of a system

that is cooled by different methods, water cooling and ethylene glycol cooling.
Observations:

Without cooling: The voltage initially was very high ,around 7.21 V at 23°C then it
declined drastically and in an irregular manner as the temperature increased up to about 6.84V

at 45°C. This drop clearly shows that the capability of the system has been deteriorated.

Water cooling: The voltage value is increase from 6.3V at 47°C reaching 6.96V at 45°C,
The values with water cooling, within the common temperature range, are equivalently stable

or a bit higher than the case of "without cooling."

Ethylene glycol cooling: The voltage is The voltage value increase from 6.78V at 59°C
reaching 7.1V at 26°C, Its behavior is comparable to that of water cooling in the higher

temperature range.

Water cooling is a facilitator for higher and more stable voltage values at some
temperatures than no cooling, where voltage goes down substantially. This means that water

cooling supports the voltage-producing component to keep the better performance.

Voltage Maintenance and Stability: Ethylene glycol cooling is very good at keeping the

voltage at the highest and most stable level compared to the "without cooling" case. Within
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the common temperature range, the voltage with ethylene glycol cooling is higher and more

stable than the voltage in the uncooled state.

Concerning component performance at increased temperatures, the two cooling modes
(ethylene glycol and water) not only share the same trend in the rising and smoothing of

voltage levels, but also they signal as being among the most efficient ones.

II1.3.6. Comparison of Power values without cooling, water cooling and ethylene glycol

cooling

Power (W) x1073

L g7 4 = without colling

= water cooling
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II1.18. Comparison of Power values without cooling, water cooling and ethylene glycol

cooling

The graph shows the power (P) in relation to temperature (T) characteristics of a system

that is cooled by different methods, water cooling and ethylene glycol cooling.
Observations:

Firstly, if a power device is not cooled, the power value restarts at a peak value (around
86.52mW at 23°C, then it drops immensely and inconsistently as the temperature increases
and reaches around 73.59mW at 50°C. The drop is basically a sign of a degradation of the

unit.

Water cooling: shows power having sharp ups and downs (ranging from about 53.2Mw
to 81.22mW) throughout the temperature domain checked. These changes are signs of
instability in performance that can be caused by trouble in the cooling process or measuring
devices as pointed in the last paragraph. However, there are instances during the range where
power value with water cooling is even higher than the "without cooling" at similar

temperatures (e.g., around 35°C).
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Ethylene glycol cooling (green): Power demonstrates a remarkable steadiness of high
values (around 73.08mW- 80.79mW) in a broad temperature range (26°C to 59°C), with a

small inclination to rise at the low end of the range.

Cooling Effect: Though the data points are more of a wave-like pattern, the cooling curve
of the water nevertheless indicates that this approach can be the way to keep a power level
even higher or to boost it in comparison with the case where there is no cooling, and the

performance of the whole system generally goes down with the rise of temperature.

Power Increase and Stability: Among all the other ones, the ethylene glycol cooling is the
best performing; it not only allows a power level that is visibly higher than the "without
cooling" case but also makes sure that the power generated is of excellent stability in a wide

range of temperatures. This indicates its high ability to keep the system efficient.

II1.3.7. Comparative evaluation of the thermal efficiency of water and ethylene glycol
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II1.19. Comparative evaluation of the thermal efficiency of water and ethylene glycol

The graph illustrates a comparative evaluation of the thermal efficiency of water and

ethylene glycol as heat removal media in a photovoltaic cell.
Ethylene Glycol Cooling

e At the start of the system running and the commencement of the cooling process, the

cell's initial temperature was roughly 59°C.
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Following 60 seconds, the temperature of the cell dropped to about 47°C (a reduction
of 12°C).

At 120 seconds temperature was close to 42°C.

Then it went down to around 37°C after 180 seconds which is a decrease of 22°C from
the initial temperature.

The cooling process kept going and at 314 seconds (the end of the graph) it reached
about 26°C.

Conclusion regarding the operation: It follows from this that the cooling system has to be

operated only for 4 minutes every 15 minutes, and it is not necessary for it to run

continuously.

Water Cooling

At the moment of the cooling system operation commencement, the cell's initial
temperature was around 47°C.

The temperature within the first 60 seconds fell approximately 10°C (from 47°C to
around 37°C).

After 120 seconds it went down to about 32.5°C.

At the point of 180 seconds the temperature got to about 30°C and the curve seems to
be horizontal at this value. This indicates that the temperature has stabilized at this
level (possibly reaching thermal equilibrium with the water's temperature or ambient

temperature.(

Conclusion about performance: Thus, it can be stated that to enhance the electrical

efficiency of the photovoltaic device it is sufficient to run the cooling system only for the

short duration of 3 minutes every 10 minutes.

II1.4. Discussion

For high temperatures.

e Band gap narrowing: The vibrations caused by heat in the chemical panel material of the

silicon are increased, which, in turn, reduces the energy of the band gap.

e Decreased Open-Circuit Voltage (Voc): This is the most important effect; band gap

narrowing causes the voltage, which the cell can produce, to go down.
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Increased Reverse Saturation Current (RSC): This parasitic current becomes higher, thus
leading to a decline of the efficiency.

Increased Recombination Rates (IRR): As the random movement of electrons becomes
more, the possibility of electrons and holes recombining before getting to the electrodes
thus, resulting in current being generated, becomes higher.

Reduced number of effective charge carriers: The fraction of electrons and holes that
really make the electric current is reduced.

Increased Internal Resistance: This is due to the fact that the vibrations within the
material's crystal lattice are increased, thus impeding the movement of electrons, which
consequently will have a harder time moving freely in the lattice, therefore, the resistance
to the flow of electrons will be increased.

Overall Efficiency Decrease: Because of all these factors mentioned above, the

conversion efficiency of solar power into electrical power is very low.

For low temperatures (cooling):

Band gap widening: The vibrations caused by heat are decreased, thus the energy of the

band gap of silicon is increased.

Increased Open-Circuit Voltage (V,): The voltage that the cell produces because of band

gap widening is higher, and this is the main reason for the efficiency rise.

Decreased Reverse Saturation Current: The parasitic current that is present here is less

than before and thus the cell’s performance will be better.

Reduced Recombination Rates: The decrease of random electron movement gives a lower

probability of recombination of electrons and holes as well as increasing the number of

electrons available for current.

Increased number of effective charge carriers: More electrons and holes get to the

electrodes and those that contribute to the electric current are increased.

Maintained Low Internal Resistance: As cooling reduces atomic vibrations, it makes

electron movement easier and helps maintain low internal resistance, which in turn

reduces losses.

Recovered Power (R P), that is the increase in electrical output power achieved from
a solar cell or module as result of reducing its operating temperature, the real values of

our work are presented in table III.1
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Temperature | Power temperature | Reference Reference | RP(W) | RP %
coefficient (o) Power Temperature
Without 20-50 -0.495%/°C 0,08652 25
cooling
Water 30-47 -0.244%/°C 0,0761424 30 0.0046 6,04
Cooling
Ethylene 26-59 -0.288%/°C 0,080798 25 0.0058 7,17
Glycol
Cooling
Conclusion

This experimental study serves as a signature of the journey undertaken to quantify the
performance of the electrical system in photovoltaic (PV) modules aided by cooling from
water and ethylene glycol under real working conditions. The findings obtained from the
experimental tests are clearly shown in the diagrams, which present an important negative
correlation between the PV panel's temperature and its electrical output in the absence of any
cooling system. A substantial drop in the produced current, voltage, and electrical power was

always seen when the panel temperature was raised.

On the other hand, the cooling systems being tested have not only proven to be
instrumental in lessening the temperature problem but also have given a significant boost to
the electrical performance of PV panels. The figures are quite clear that the facilitated cooling
via water or ethylene glycol resulted in a remarkably higher current, voltage, and electrical
power than the uncooled case. This confirms the main conjecture of the research: managing

the temperature of the PV panel constitutes a key issue of energy conversion efficiency.

Concretely, the check of the two fluids presented huge distinctions in the results with each
one embodied specific virtues. The water cooling method demonstrated the highest capacity
to bring the panel's temperature down rapidly and efficiently, especially at the beginning. This
direct influence of the fast reaction on the case of current, voltage, and power is the more and
the quicker the reaction is accomplished, the longer the energy is accumulated. This fast
reaction makes water a perfect choice for quick and effective heat dissipation when rapid

temperature reduction is needed. The fact that it is highly efficient suggests that running it for
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short periods of time "h" (e.g., every 10 minutes for 3 minutes) can keep the panel

temperature at an ideal level, as it is continuously electrically efficient.

On the other hand, ethylene glycol showed a slower initial cooling rate but had some
unique advantages which could make it a better choice in certain situations. The test also
proved that it has a capacity beyond just a rapid cooling ability, and the performance was
improved for a longer time period. The resultant information from supplementary data points
highest at ethylene glycol. The system can be run discontinuously (for instance, 15 minutes
and then 4 minutes) without losing much power, which means that the system can continue to
be running without overloading or running inefficiency. Such instances might be the use of
anti-freeze or corrosion protection (though these aspects were not part of the study) which
could offer a stable and strong solution, even if the initiation cooling is less aggressive and not

the main feature.

The work presented here underscores the critical role of cooling devices in the design and
installation of photovoltaic modules in hot areas and provides planners and solar engineers
with clues for navigating the difficult decision whether or not to deploy a cooling system. The
paper further establishes that the selection of an appropriate coolant is influenced by a mixture
of factors, such as the needed reaction velocity, the environmental conditions, and the
particular difficulties of the intermittent operation. This study powerfully illustrates the
potential for the continuation of this work, focusing on the identification of the most effective
cooling systems and devising more intelligent operational plans to harness solar energy power

to the maximum extent possible.
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Conclusion

This work of research is at least one of the conditions that cooling systems are among the
most effective and necessary options for the enhancement of photovoltaic (PV) solar energy
conversion efficiency. It has been discussed in the preceding chapters that excessively high
temperatures continue to be a stumbling block to the efficient work of solar panels and thus

continual effort in innovative ways of mitigating this negative impact is still required.
Key Findings and Recommendations

The experimental part of our study that aimed at comparing the performance of a solar cell
with no cooling, with water cooling, and with ethylene glycol cooling, gave unambiguous
results consistent with the assumption that the cooling greatly promotes panel efficiency.
Although the heat of the uncooled panel resulted in a decline in its efficiency, an evident

improvement in the performance was seen in the case of the application of cooling systems.

Water cooling proved to be an effective means of lowering the panel's temperature which
in turn caused the electrical energy generated from the panel to be significantly increased as

compared to the non-cooled state.

Ethylene glycol was revealed to have better cooling performance than water and therefore,
the panel's temperature was kept at the lowest possible level, this resulting in the highest
efficiency among all three methods. This further shows that the use of cooling fluids having
better thermal properties can play a more important role in the positive impact on

performance in the future.

These results entirely reassure that deploying cooling systems for photovoltaic panels is
not only a small improvement but also a necessity in order to get the maximum benefit from

solar energy projects.
Future Prospects

With the progress of solar energy technology, more efficient, cheaper, and eco-friendly
cooling devices are indispensable to be developed for both human and environment. Some of
the future directions of the research in this area could be the search for new cooling materials,
designing cooling systems with lower energy consumption, and utilizing other technologies
such as thermal energy harvesting from the panel to improve the overall system efficiency

while integrating cooling systems.
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Concluding Remark

In conclusion, solar energy forms a cornerstone of a clean energy future. By adopting and
developing innovative solutions like cooling systems, we can overcome existing technical
challenges and fully harness the immense potential of this energy source, paving the way for a

brighter and more sustainable future for generations to come.
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1. Introduction
In Algeria's sun-drenched environment, leveraging ample solar resources is key to meeting
national renewable energy targets. Our prototype mission aligns with this context by
combining photovoltaic (PV) panels with a novel cooling system. This cooling system is
designed for direct application to the solar panels, advancing the goals for efficient power
innovation in Algeria. The cooling fluid typically used is water or ethylene glycol, circulated
to draw heat away from the panels and maintain optimal operating temperatures.
2. Project Presentation: Enhancing Photovoltaic Efficiency with Cooling Systems
The ambition of this project is to strengthen a sustainable system that maximizes electricity
generation from photovoltaic panels. This is achieved by combating the inherent inefficiency
of PV panels, which significantly lose power output as their temperature rises. Our project
directly tackles this challenge by developing a specialized cooling system. This system is
designed to improve the thermal performance of solar panels, leading to increased efficiency
and an extended operational lifespan.

2.1.Goals and Objectives

The primary goals and objectives for this project revolve around developing and

commercializing an efficient cooling solution for photovoltaic systems:

e Design and assemble an effective cooling system for PV panels, capable of maintaining
optimal operating temperatures.

e Demonstrate feasibility with a working prototype, showcasing how the cooling system
significantly improves the thermal performance and efficiency of solar panels.

e Support Algeria's power transition by developing technological know-how that optimizes
the use of abundant local solar assets. The cooling system aims to minimize energy loss
due to temperature rise, potentially increasing panel efficiency by 20-25%.

e Lay groundwork for commercialization by assessing technical performance, costs, and
market viability of this cooling technology. This involves evaluating the low-cost cooling
system that effectively enhances the thermal performance of solar panels.

e The value proposition of this cooling system includes offering a sustainable solution,
increased efficiency, reduced energy loss, and a customized solution adaptable for

various panel types and climatic conditions.
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3. Business Model Canvas

Customer

Segments

Targeted:
- Companies
installing solar
energy systems
- Large farms
relying on solar
power
- Industrial
businesses such
as Ain Melh
Municipality
Station
Potential:
- Residential
homes and
housing
complexes
- Energy stations
under
construction,
such as the solar
power station in
Batma, M'Sila
- Municipalities,
government
buildings,
educational, and

- Offering trial
demonstrations and free
consultations

- Providing reliable real-
world results

- Regular system updates

-Long-term contracts
-After-sales services
-Providing reliable results
and guarantees

Value Proposition
This is a cooling system designed to enhance the

efficiency of solar panels using cooling technologies. This
project offers the following values:
Innovation:

- Providing a solution to the issue of rising solar panel
temperatures, which reduces their efficiency.
Risk Reduction Value:

- Increasing the lifespan of solar panels.
Customization & Differentiation Value:

- Minimizing energy loss due to heat, as solar panels lose
about 20-25% of their efficiency.
Comprehensive Service Value:

- A customized cooling system based on location, number
of panels, and climatic conditions.
High-Performance Value:

- Offering a sustainable solution with a high return on
investment.

Price Value:

- A low-cost cooling system that effectively improves the
thermal performance of PV
Cost Reduction:

- Reducing the need to replace solar panels.

Ease of Use:
- The system operates semi-automatically after initial
setup.

- Does not require advanced technical expertise for

Key Activitie Planning
- Technical study of
solar panels
- Market and target
customer analysis
- Prototype design
- Initial preliminary plan
preparation
- Initial marketing
strategy development
- Study of legal and
regulatory aspects
Production:
- Manufacturing or
assembling a cooling
system
- Testing the system
under real conditions
- Improving the design
based on results
- Producing small
batches
Marketing:
- Market research
- Identifying the target
audience
- Developing marketing
messages
- Direct promotion.

Key Partners

- Business incubator of
M'Sila University

- Companies
manufacturing solar
energy systems

- Academic and
research institutions

61




ANNEX BMC

healthcare Channels operation or maintenance. Key Resources
facilities -Social media platforms
o Physical:
- Exhibitions and - Equipment and
conferences related to technologies used in
renewable energy cooling systems
- Sales through Human:
intermediaries and au - Maintenance worker
thorized agents - Engineers and
researchers for
development
- Security personnel
Financial:
- National Fund for
Startups
- Selling the cooling system (product) directly Investment Costs:
to customers -Purchasing solar panels
- Providing regular maintenance services for -Cost of the Sensors ,cooling and control system
solar panels and the cooling system -System design and installation
- Licensing manufacturing rights to companies -Electrical and mechanical connections
seeking to associate their brand with Operational Costs:
sustainability and clean energy - Regular maintenance of the cooling system and
solar panels
- Energy consumption for the cooling system
- Replacement of spare parts
- Worker wages
- Daily operational expenses (e.g., water)
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3.1.Equipment purchases.

[tem Quantity | Unit cost Total cost Funding
description source
Solar panel | 1 400,000 DA | 400,000 DA
Water 1 220,000 DA | 220,000 DA
pump
Large 1 45,000 DA 45,000 DA
pipes
Silicone 1 95,000 DA 95,000 DA
&Tape
Heat 1 130,000 DA | 130,000 DA
sensor
Water 1 22,000 DA 22,000 DA
outlet
hose
Engine 1 40,000 DA | 40,000 DA
cooling
liquid
Total 1,097,000 1,097,000
DA DA
3.2. Consumable materials.
Item description | Quantity Unit cost Total cost Funding source
Engine cooling | 1 40,000 DA 40,000 DA
liquid
Total 1 40,000 DA 40,000 DA
3.3. Salaries.
position Quantity Monthly salary | Monthly total Annual total
Project Manager | 2 100,000 DA 200,000 DA 2,400,000 DA
Technical / 1 70,000 DA 70,000 DA 840,000 DA
Maintenance
Engineer
Sales 1 60,000 DA 60,000 DA 7200,000 DA
/Marketing
officer
Totalx 4 230,000 DA 330,000 DA 3,960,000 DA
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3.4. Other recurring costs.

Description

electricity 5,000 DA 5,500 DA 5,200 DA

water 1,500 DA 1,500 DA 1,550 DA
transportation 15,000 DA 20,000 DA 17,000 DA
Maintenance /tools 10,000 DA 8,000 DA 12,000 DA

Totale monthly 31,500 DA 35,000 DA 35,750 DA

3.5. Projected sales table.

product | N- | N- | N N+1 N+2 N+3 N+4
&client | 2 1

target

Quantity | -- | -- 20 50 100 150 200
product

A

Unit - -- 50,000 DA 50,000 DA 52,000 DA 52,000DA | 55,000 DA
price

product

A

Sales - |- 1,000,000DA | 2,500,000DA | 5,200,000DA | 7,800,000 | 11,000,000
product DA DA

A

Totale - |- 1,000,000DA | 2,500,000DA | 5,200,000DA | 7,800,000 | 11,000,000
revenue DA DA
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Abstract

This dissertation focuses on enhancing photovoltaic panel efficiency through cooling systems
to combat performance degradation from the temperature effect. It's structured in three
chapters: Chapter One covers photovoltaic panels' principles and heat's impact. Chapter Two
surveys heat management techniques. Chapter Three, the applied section, compares efficiency
without cooling, with water cooling, and using ethylene glycol. Results unequivocally show
significant efficiency gains with cooling. The dissertation recommends integrating cooling
systems into solar energy plants to maximize output and promote sustainability.

Keywords: Photovoltaic Panels, Photovoltaic Panel Efficiency, Cooling Systems, Water
Cooling, Ethylene Glycol, Solar Energy, Temperature Effect.

Résumé

Cette memoire aborde l'amélioration de l'efficacité des panneaux photovoltaiques via les
systémes de refroidissement pour controler la baisse de performance due a l'effet de la
température. Elle est répartie sur trois chapitres scientifiques plus une annexe: la premiere
partie présente les panneaux photovoltaiques et 1'impact de la chaleur. Le deuxiéme chapitre
explore les techniques de gestion thermique. Alors que la troisiéme, la partie appliquée,
compare l'efficacité sans refroidissement, avec refroidissement par eau, et avec éthyléne
glycol. Les résultats ont montré une amélioration notable de l'efficacité grace au
refroidissement. La thése recommande d'intégrer des systémes de refroidissement dans les
centrales d'énergie solaire pour optimiser la production et la durabilité.

Mots-clés: Panneaux photovoltaiques, Efficacité, Systémes de refroidissement,
Refroidissement par eau, Ethyléne glycol, Energie solaire, Effet de la température.
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