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Abstract

Due to both population growth and technical developments, the global need for energy is rapidly increasing. The
key to meeting future energy demands is selecting a sustainable energy source that is reliable, cost-effective, and long-
term. Among other renewable energy sources (RESSs), solar power offers great promise as a long-term solution to the
energy dilemma because it is both affordable and environmentally friendly. Because of the huge need for energy, the
scarcity of fossil fuels, and the exorbitant prices of alternative energy sources, the solar business is progressively
expanding worldwide. Research into its rapid expansion was so intense and aggressive that it has now transformed
into a tool to improve emerging nations' economic standing and provide for the lives of many poor people. When
compared to other RESs, solar power clearly stands head and shoulders above the competition in terms of future global
energy supply due to its superior accessibility, affordability, capacity, and efficiency.
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1. Introduction

Rising populations and more advanced manufacturing processes are driving up global energy demand. There has
been a two-billion-person increase in the world's population in the span of a single generation, and the emerging world
is mostly to blame. One of the least pressing global concerns in the 21st century is preventing an energy disaster.
Consequently, the need for energy is growing at a rapid pace to accommodate the expanding global population. When
it comes to expanding their influence over the world, many nations have different plans, objectives, programs, and
hierarchies in place. Due to population growth and development activities, resources across the world are becoming
scarcer [1]-[3]. People lack access to enough energy for a variety of reasons, such as a nation's growth profile, its
residents' economic standing, and the nature of its technical developments. The burning of readily available fossil
fuels results in the production of several gases that severely harm the environment. Due to their rapid population
growth and need for economic development to become economically viable, developing countries are currently under
pressure to hunt for energy sources [4]-[6].

Since there is a proportionate relationship between the two, rising economic growth leads to an increase in energy
consumption. Even though several strategies for increasing the amount of energy that can be produced have been
proposed, a significant number of people in developing nations continue to live in areas that do not have access to
power. The introduction of non-renewable energy sources, which are limited in quantity and eventually run out, would
not guarantee that current levels of energy demand will be met [7]. It should be possible for all countries to make use
of the energy-recovery resources available to them in order to build ecosystems that will sustain human life on the
planet for an extremely extended period of time. It is not currently practiced correctly to carry out a task of this nature
due to the fact that many nations depend more heavily on non-renewable energy sources than on renewable energy
sources (RES). It is a well-known fact that many contentious disputes between nations frequently result in serious
catastrophe. This is due to the fact that powerful parties frequently travel to places that contain substantial amounts of
fossil fuels. In addition, prolonged reliance on energy sources that do not replenish themselves has the potential to
induce climate change, which in turn may result in major natural disasters that inflict damage to the ecosystems found
around the earth. Therefore, choose energy sources that are less harmful to the environment is of the utmost importance
for the sake of the planet of the future [8].

According to this point of view, it is essential to take into account environmentally friendly RES such as solar
energy, wind energy, hydropower, and geothermal energy [9]. Solar power, on the other hand, has a number of
advantages that make it a strong contender for the role of energy source of the future. To begin, the sun is responsible
for the emission of solar energy at a rate of 3.8 x 102 kW, of which the earth absorbs around 1.8 x 10** kW. Solar



power is by far the most accessible and abundant form of renewable energy [10]. The sun provides the world with a
multitude of forms of energy, including light and heat, which are absorbed by the globe. The vast majority of this
energy is dissipated as it travels across space due to the cloud's ability to absorb, reflect, and disperse light. Studies
indicate that solar energy, which is a source of energy that is naturally abundant and does not incur any costs, has the
potential to adequately satisfy the energy requirements of the entire planet [11]. It is a feasible source of energy in the
globe due to the facts that it cannot run out and that it has a better production efficiency than other energy sources
[12]. The dispersion and intensity of solar radiation are two key factors that have a significant impact on the efficiency
of the photovoltaic (PV) solar sector. Both of these factors are very different between countries. The global horizontal
irradiation is presented in a clear and concise manner in Fig. 1. Because of the extensive amount of time that the sun
shines each year in Asia, the continent's countries have a greater potential than those of other temperate regions to
absorb solar radiation [13]. Solar radiation is a naturally occurring resource that is plentiful in many countries,
particularly in developing countries [14]. For instance, the average daily solar radiation in Sri Lanka is about 15-20
MJ/m?/day (4.2-5.6 kwh/m?/day) [15]. Third, the utilization of solar energy and the monitoring of its impacts have
no adverse consequences on ecosystems. Ecosystems are places where the natural balance is preserved for the benefit
of living things. The mining and extraction of fossil fuels causes the destruction of ecosystems, which in turn disrupts
the natural order [16].

Long-term average of; Annualsum <700 900 1100 1300 1500 1700 1900 2100 2300 2500 2700>

Wi

Fig. 1 Maps of global horizontal irradiation [17]

Solar energy can be successfully utilized in homes, businesses, and even village systems due to the fact that it is
easily available and can be implemented with relative ease. In addition, the growing dependence of the world's
population on fossil fuels for the recovery of energy in order to carry out a wide variety of activities has generated an
international quest for solar energy. Utilizing this technology in an appropriate manner would be the most effective
course of action for the future world to take in order to avert unforeseen ramifications that would emerge from the
energy problem. At this time, a great number of research are being carried out with the purpose of enhancing the
effectiveness of the solar industry in order to make the world a more energy-productive place in the future [18]. It has
been suggested that these reserves will exhaust in 2300 as a result of rising energy demand. However, because to a
rise in energy consumption from 1980 to 2010, its use has already led to large CO2 emissions, as seen in Fig. 2. Fig.
3 shows that fuel energy is developing substantially. In order to meet the rising demand, RES are therefore required.
The evolution of solar energy is evident. Due of its potential for energy recovery. As shown in Fig. 4, solar PV,
concentrating solar panels (CSP), and solar heaters were reported to have the highest yearly growth rates in 2013 when
compared to other RES. Solar PV has the best growth rate of all solar technologies in 2013. Ever since extensive
development in the production of solar cells was first noted. As a result, this essay aims to present a comprehensive,
fundamental understanding of solar energy for the future world with logical justification. The use of solar energy, the
world's energy situation, as well as obstacles to such an industry, have all been comprehensively explored [19], [20].
The solar industry and its importance for a future world that is energy-wise, sustainable, and low in emissions are
easily understood by readers of this study.
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Fig. 2 Rate of increase, from 1900 (baseline at 100%), in water, population, and carbon dioxide emissions [21]
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2. Highlights of research works done to upgrade solar industry

The three main types of solar energy systems are PV, CSP, and solar heating and cooling (SHC). PV systems
directly convert light into electricity, while CSP and SHC systems use the sun's heat to power large electric turbines.
These are the three main methods for converting solar radiation into usable energy.

2.1 Photovoltaic (PV) systems

Devices known as photovoltaic, or PV, transform the light from the sun directly into electrical energy [24], [25].
The amount of sunlight that is available has a direct bearing on the total amount of energy that can be generated. In
this way, for instance, PV systems are able to generate electricity even in the winter and even when the weather is
gloomy, albeit at a lower rate. In the context of PV systems, natural cycles therefore have three aspects. Although PV
devices working along the equator have, in principle, a nearly constant exploitable potential throughout the year, the
potential for PV power production varies seasonally, with a peak in the summer, much as it does with a great number
of other forms of renewable energy technology. Second, the generation of energy is subject to diurnal fluctuations,
with its highest point being in the middle of the day. Last but not least, variations in the immediate weather conditions,
like as cloud cover and the amount of precipitation, have an effect on the total amount of electricity that may be
gathered from the interior [26]-[31]. Table 1 outlines both the benefits and drawbacks of using this technology.



Table 1 Strengths and weakness of PV energy systems
Strengths Weaknesses
The state of technology is at a mature stage. The power output  Storage and backup are usually needed because the
warranties from PV panels now routinely last 25 years, amount of sunlight changes and power production stops

demonstrating their extended lifespan and good reliability. at night.
Fully autonomous operation requiring minimal human Because sunlight levels change and power production
intervention stops at night, storage and backup are generally needed.

Gasoline is not necessary (there will be no extra expenses for
gasoline or delivery logistics).

Due to its modular design, PV systems can be customized to suit
a wide range of sizes.

Minimal harm to the environment as compared to more How much energy is used to make silicon for PV solar

High costs of capital or beginning investment

A certain amount of silicon for PV solar cells

traditional energy sources cells?
The solar system is a visible symbol of great care, concern, and It is important to have places to recycle batteries and
dedication to the environment. ways to collect them.

The consumer feels less of a pinch as the cost of alternative

Some photovoltaic panels use harmful ingredients.
energy sources goes up.

Australia and South Korea have a slightly higher prevalence of off-grid solar power installations [32]. Connected
to the electrical grid, almost 90% of U.S. solar power systems and 99% of European systems generate electricity. Solar
photovoltaic systems seldom make use of battery storage. When investments in storage solutions become financially
feasible for small systems and the government starts to incentivize distributed energy storage, this might change [33].
Most residential solar arrays are rack-mounted on rooftops rather than integrated into the structure's exterior or roof,
the latter of which is a far more costly choice. Rather than investing in costly tracking technology, utility-scale solar
power plants often use ground-mounted solar panels angled at a set angle. While thin film has witnessed a decline in
its market share, crystalline silicon remains the primary material utilized in the fabrication of 90% of the world's solar
modules [33], [34]. Nearly 70% of the world's solar cells and modules are made in China and Taiwan, whereas only
5% are made in Europe and the US [33]. While large-scale solar power stations are becoming increasingly popular,
investors are placing more emphasis on cost-effectiveness and smaller rooftop systems are also experiencing rapid
growth. This is due to the fact that new installations are moving away from Europe and towards sunnier regions, like
the Sunbelt in the US, where investors are less against ground-mounted solar farms [32]. Despite a clear tendency
towards utility-scale systems, this remains the case.

The price of photovoltaics has been steadily going down over the past few years [28]-[30], driven by technological
advancements as well as increases in manufacturing scale and sophistication. Several million PV systems may be
found all over the world, the majority of which are located in Europe (there are 1.4 million PV systems in Germany
alone) and North America (440,000 PV systems in the United States alone) [32]. Since 2004, the energy conversion
efficiency of a standard solar module has grown from 15 to 20 percent [32], and the amount of energy that is required
for the production of a photovoltaic system is recouped in around two years. The so-called energy payback time can
be reduced to one year or less in places that receive an extraordinarily high amount of sunlight, or when thin-film
technology is utilized [32]. In many countries, the installation of PV systems has been considerably boosted by net
metering and other financial incentives, such as preferential feed-in prices for solar-generated electricity [38], [39].

As of the year 2015, the rapidly expanding global PV market is swiftly reaching the record of 200 GW, which is
approximately 40 times the capacity that was installed in 2006. At the moment, these systems are responsible for
approximately one percent of the total electricity generation worldwide. United States, China, and Japan are now the
leading installers of PV systems in terms of capacity; however, Europe is home to installations accounting for fifty
percent of the world's total PV capacity. Germany and Italy both meet between seven and eight percent of their
household electricity needs with PV solar panels. According to projections made by the International Energy Agency
(IEA), solar energy would overtake all other forms of generation of electricity by the year 2050, with solar
photovoltaics and concentrated solar thermal accounting for 16% and 11% of the worldwide demand for power,
respectively [7].

During the 1980s and 1990s, when photovoltaic technology was still very expensive and a pure niche market of
small-scale applications, these types of systems were the most popular type of installation [40], [41]. They were only
economically viable in areas where there was no access to an existing electrical grid. While new stand-alone systems
are still being constructed in various parts of the world, the contribution that these systems provide to the total solar
capacity that has been installed is declining. Off-grid installations currently constitute one percent of Europe's total
installed capacity. They make up approximately 10 percent of the population in the United States. Off-grid systems
are still widely used in Australia and South Korea, in addition to a great number of developing nations.



2.1.1. Concentrator photovoltaics (CPV)

Concentrator photovoltaics (CPV) and high concentrator photovoltaics (HCPV) systems utilize optical lenses or
curved mirrors to focus the sun's rays onto solar cells that are very small yet have a high conversion rate. CPV systems
typically make use of sun trackers and cooling systems in addition to concentrating optics, making them significantly
more expensive. HCPV systems, in particular, are optimized for use in areas with high solar irradiation. These systems
may concentrate sunlight by up to 400 times or more, and their efficiencies of 24-28 percent are higher than that of
standard systems. Several other configurations of systems are commercially available, but their use is not very
widespread. On the other hand, there is continual research and development being done [32].

CPV is frequently mistaken with CSP, which does not utilize photovoltaics. Both technologies are most effective
in areas that get a lot of sunlight, which puts them in direct competition with one another.

2.1.2. Hybrid

In a hybrid system, photovoltaic cells are combined with different types of generators, most commonly a diesel
generator as shown in Fig. 5. The other type of generation may be one that is capable of modulating the amount of
power produced in response to changes in demand. Nevertheless, the utilization of more than one kind of renewable
energy, such as wind, is possible. The generation of electricity by photovoltaics helps to cut down on the use of fuels
that aren't renewable. Islands are the most common places to find hybrid energy systems. Notable instances include
the island of Pellworm in Germany and the island of Kythnos in Greece (both of which are combined with wind) [42].
The fuel that was used in the Kythnos plant has been cut back by 11.2% [42].

A case study that was carried out in seven different nations in 2015 came to the conclusion that hybridizing mini-
grids and isolated grids is the most effective way to lower the costs of generating electricity. Nevertheless, the costs
of financing such hybrids are of the utmost importance and are largely determined by the ownership structure of the
power plant. According to the findings of the study, the economic benefits of cost reductions for non-public utilities,
such as independent power producers, were found to be minor or even negative [42]. Cost reductions for publicly held
utilities could have a major impact.
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Fig. 5 A wind-solar PV hybrid system

Work has also been done indicating that the PV penetration limit in the United States can be raised by establishing
a distributed network of PV and combined heat and power (CHP) hybrid systems. This work has been presented at
conferences and presented in academic journals [42]. The temporal distribution of solar flux, electrical and heating
requirements for representative single-family homes in the United States were analysed, and the results make it
abundantly clear that hybridizing CHP with PV can enable additional PV deployment over and above what is possible
with a conventional centralized electric generation system. This hypothesis was validated by numerical simulations
that made use of solar flux data collected on a per-second basis. The results of these simulations determined that the
necessary battery backup for such a hybrid system could be provided by relatively compact and cost-effective battery
systems [43]. In addition, big PV and CHP systems are feasible for use in academic buildings. These systems, which
again offer backup for intermittent PV and reduce the amount of time that CHP is required to run, can be installed.

* Photovoltaic thermal hybrid solar collectors’ systems (PVT) are able to convert solar radiation into both thermal

and electrical energy. These systems are hybrids of photovoltaics and thermovoltaics. A solar PV module and a

solar thermal collector are combined in this system in a manner that is complementary to one another.

* A concentrated photovoltaic thermal hybrid system, also known as a PVT system, functions in a similar manner.

It utilizes concentrator photovoltaics rather than the more common photovoltaic technology and combines that

with a solar thermal collector.

» The CPV/CSP system is a proposed unique solar hybrid system that combines the non-PV technology of CSP

with the photovoltaic technology of concentrator photovoltaics.
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« A photovoltaic diesel system is one that integrates a diesel generator with a solar system. Combinations with
other forms of renewable energy are feasible, and one example of this is the use of wind turbines.

2.1.3. Floating solar arrays

Floating solar, also known as floating photovoltaics (FPV) and floatovoltaics, are solar panels that are mounted on
a structure that floats on a body of water as shown in Fig. 6. This body of water is often a reservoir or a lake, such as
drinking water reservoirs, quarry lakes, irrigation canals, or cleanup and tailing ponds. Floating solar can also be
termed floatovoltaics [44], [45].

Fig. 6 Floating photovoltaic on an irrigation pond

In comparison to PV, these systems offer a number of benefits. It is possible that the cost of water surfaces is lower
than the cost of land, and there may be less laws and regulations for buildings constructed on bodies of water that are
not used for recreational purposes.

Unlike many solar plants that are located on land, floating arrays are typically hidden from public view, which
makes them less of an eyesore. Because the water helps to cool the panels, they are able to attain higher efficiency
than PV panels that are placed on land. It is possible for the panels to have a specific coating that will protect them
against rust and corrosion.

Since 2016, there has been a significant expansion in the market for this renewable energy technology. Between
the years 2007 and 2013, the first twenty plants, each with capacity of a few dozen kWp, were constructed [46]. The
amount of power that was installed increased from 3 GW in 2020 to 13 GW in 2022, which was greater than the
projection of 10 GW by 2025 [47]. The World Bank calculated that there are 6,600 major bodies of water that are
appropriate for floating solar, and that these bodies of water have the potential to produce more than 4,000 GW of
electricity if 10% of their surfaces were covered with solar panels [47]. When compared to ground-mounted systems,
the costs of a floating system are around 10-20 percent greater [48].

2.2 Concentrated solar power (CSP) systems

Concentrated solar power systems create solar power by utilizing mirrors or lenses to concentrate a wide area of
sunlight into a receiver [1]. Other names for these systems include concentrated solar power and concentrated solar
thermal. The concentrated light is turned into heat (solar thermal energy), which then drives a heat engine (often a
steam turbine) connected to an electrical power generator [49] or powers a thermochemical reaction [50]. This results
in the generation of electricity. As of the year 2021, the total installed capacity of concentrated solar power around the
globe had reached 6.8 gigawatts [51]. The United States National Renewable Energy Laboratory (NREL) has a
comprehensive database of the current status of all CSP facilities across the world, including those that are in the
process of being built, have been decommissioned, and are in operation. These details include the capacity of the
power block, the kind of components that make up the power block, the number of hours that can be used to store
thermal energy, and the sizes of the turbines. CSP is utilized in the production of electricity (sometimes referred to as
solar thermoelectricity, which is typically produced through the use of steam). Mirrors or lenses along with tracking
systems are used in concentrated solar technology systems. This focuses sunlight from a wider region onto a more
contained space. After that, the focused light is converted into heat or used as a source of heat for a traditional power
plant (solar thermoelectricity). The solar concentrators that are utilized in CSP systems are frequently put to work in
the provision of industrial heating or cooling processes as well, such as in solar air conditioning.
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There are four different optical types of concentrating technologies, and they are as follows: the parabolic trough,
the dish, the concentrating linear Fresnel reflector, and the solar power tower. Dish and solar tower are examples of
collector types that fall into the category of point focus, while linear focus collectors include the parabolic trough and
concentrated linear Fresnel reflectors. Collectors with a linear focus can achieve concentration factors of up to 50 suns
or higher, while collectors with a point focus can achieve concentration factors of up to 500 suns or higher. These solar
concentrators, despite their ease of construction, fall significantly short of the maximal concentration that can be
achieved theoretically. For instance, the concentration obtained by using a parabolic trough yields approximately one-
third of the theoretical maximum for the design acceptance angle. This is the case even though the overall tolerances
for the system remain the same. Getting closer to the theoretical maximum is possible through the utilization of more
complex concentrators that are based on nonimaging optics.

Because of the unique ways in which each variety of concentrator tracks the sun and focuses light, the peak
temperatures they achieve and the related thermodynamic efficiencies they achieve are each unique to that particular
concentrator. New developments in CSP technology are causing systems to become increasingly efficient, and this
trend is expected to continue [52].

2.2.1 Parabolic trough

A parabolic trough is a type of reflector that is constructed in the shape of a linear paraboloid and is used to focus
light onto a receiver that is positioned along the focal line of the reflector as shown in Fig. 7. The receiver is a tube
that is filled with a working fluid and is positioned such that it is parallel to the longitudinal focal line of the parabolic
mirror. During the daylight hours, the reflector will move along a single axis in order to follow the path of the sun.
After passing through the receiver, a working fluid, such as molten salt [53], is heated to temperatures ranging from
150 to 350 degrees Celsius (302 to 662 degrees Fahrenheit) and is then put to use as a heat source for a power
production system [53]. The most advanced kind of CSP technology is now trough systems. Representative examples
include the Solar Energy Generating Systems (SEGS) plants in California, which were the first commercial parabolic
trough plants anywhere in the world; Acciona's Nevada Solar One, which is located near Boulder City, Nevada;
Andasol, which was the first commercial parabolic trough plant in Europe; and the SSPS-DCS test facilities in Spain,
which are operated by Plataforma Solar de Almera.

Fig. 7 Parabolic trough at a plant in Harper Lake, California

2.2.2 Enclosed trough

The design creates a glasshouse that functions like a greenhouse and encloses the solar thermal system within it.
The glasshouse provides a protected environment that is capable of withstanding the factors that have the potential to
negatively impair the solar thermal system's dependability and performance [54]. Mirrors that are bent to reflect the
sun's rays and are lightweight are strung from the ceiling of the glasshouse using wires. A tracking mechanism on a
single axis positions the mirrors so that they capture the maximum amount of available sunlight. The mirrors direct
the sun's rays onto a stationary system of steel pipes [54]. These pipes are hanging from the construction of the
glasshouse. When powerful solar radiation is directed into the pipe, water is transported along its entirety, where it is
then heated to a boiling point to produce steam. By protecting the mirrors from the wind, not only are they able to
reach higher temperature rates, but the dust that would otherwise accumulate on the mirrors is also prevented [54].

GlassPoint Solar, the business that developed the Enclosed Trough design, claims that its technology can produce
heat for Enhanced Oil Recovery (EOR) for under $5 per 290 kWh (1,000,000 BTU) in sunny places, whereas other
conventional solar thermal solutions cost between $10 and $12 per unit of energy [55].
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2.2.3 Solar power tower

An array of dual-axis tracking reflectors, also known as heliostats, is what makes up a solar power tower. These
reflectors direct the sun's rays toward a central receiver that sits atop the tower. The receiver holds a heat-transfer fluid,
which may be made up of water-steam or molten salt. A solar power tower is identical to a circular Fresnel reflector
from an optical point of view. The working fluid in the receiver is heated to temperatures ranging from 500 to 1000
degrees Celsius (773 to 1,273 kelvin or 932 to 1,832 degrees Fahrenheit), and it is then employed as a heat source for
a system that generates electricity or stores energy [56]. One of the benefits of the solar tower is that individual
reflectors can be modified rather than the entire structure. Although the development of power towers is not as far
along as that of trough systems, power towers offer more efficiency and a more robust capacity for energy storage.
There is also the possibility of using heliostats in a beam down tower application in order to heat the working fluid.

The Solar Two facility, located in Daggett, California, and the CESA-1 plant, located in Plataforma Solar de
Almeria, Almeria, Spain, are the demonstration plants that are the most emblematic of their kind. Planta Solar 10
(PS10), located in Sanlucar la Mayor, Spain, holds the distinction of being the world's first commercial utility-scale
solar power tower. There are three power towers at the 377 MW Ivanpah Solar Power Facility, which is located in the
Mojave Desert. This facility was the largest CSP project in the world when it was built. Ivanpah was only able to
produce 0.652 TWh (63%) of its energy from solar sources, while the remaining 0.388 TWh (37%) was accomplished
by the combustion of natural gas [56].

In order to improve the effectiveness of the generation of electricity, supercritical carbon dioxide may be
substituted for steam in the role of heat-transfer fluid. It is not possible to bring the temperature of the carbon dioxide
in the compressor inlet down below its critical temperature due to the high temperatures that prevail in arid regions,
which are often where solar power plants are situated. As a result, mixtures of supercritical carbon dioxide with higher
critical temperatures are currently undergoing research.

2.2.4 Fresnel reflectors

Fresnel reflectors are constructed out of a large number of thin, flat mirror strips. Their primary use is to concentrate
solar radiation onto tubes that contain working fluid [57]. It is possible to fit more reflective surface into the same
amount of space occupied by a flat mirror than it is possible for a parabolic reflector, so that more of the available
solar radiation may be collected using flat mirrors. Additionally, flat mirrors are far less expensive than parabolic
reflectors. Fresnel reflectors are adaptable and can be utilized in CSPs of varying sizes.

Fresnel reflectors are sometimes considered to be an outdated technology that produces a lower quality output
compared to other technologies. The fact that this model is more cost-effective than others with higher output ratings
is the primary reason why some people choose to utilize it. Initial testing of several new types of Fresnel Reflectors
with Ray Tracing capabilities has begun, and these reflectors have already demonstrated that they are capable of
producing a higher output than the conventional model.

2.2.5 Dish Stirling

A Stirling or dish engine system is made up of a freestanding parabolic reflector that focuses light onto a receiver
located at the focal point of the reflector. Along two axes, the reflector follows the path of the sun as shown in Fig. 8.
In order to generate electricity, a Stirling engine first heats the working fluid in the receiver to temperatures between
250 and 700 degrees Celsius (482 and 1,292 degrees Fahrenheit). Systems using parabolic dishes have a high
efficiency of converting sunlight into electricity (between 31% and 32%), and their modular design allows for easy
expansion. These technologies are exemplified by the Stirling Energy Systems (SES), United Sun Systems (USS), and
Science Applications International Corporation (SAIC) dishes located at the University of Nevada, Las Vegas, as well
as the Big Dish located at the Australian National University in Canberra, Australia. On the chilly and sunny day of
the 31st of January in 2008 at the National Solar Thermal Test Facility (NSTTF) in New Mexico, SES dishes at the
facility achieved a world record for solar to electric efficiency by achieving a rate of 31.25%. Ripasso Energy, a
Swedish company and the system's creator, reported that in 2015, their Dish Sterling system was being tested in the
Kalahari Desert in South Africa, and the results revealed that the system had an efficiency of 34% [58]. Before it was
purchased by United Sun Systems, the Stirling Dish power facility that was owned by SES and located in Maricopa,
Arizona, was the largest of its kind anywhere in the globe. As a direct result of this, greater components of the project
have been relocated to China in order to meet the enormous demand for electricity.



Fig. 8 A dish Stirling

The village of Adrano in Sicily was the site of an early plant. The United States saw the launch of its first solar electric
generating system (SEGS) plants in 1984. In 1990, building of the last SEGS facility was completed. Between 1991
and 2005, no new concentrated solar power facilities were built anywhere in the globe. Among 2004 and 2013, the
world's installed capacity of CSP expanded by about a factor of 10, with the past five years seeing annual increases of
fifty percent or more. The expansion in the number of countries using CSP is largely responsible for this upsurge.
Around 0.9 GW, or 36 percent, of the world's installed capacity was added in 2013. The overall capacity was therefore
increased to almost 3.4 GW. In 2014, 925 MW of capacity was added, which was a record. However, this was then
followed by a decline due to policy shifts, the worldwide economic downturn, and the rapid decline in solar cell prices.
Regardless, by 2021 the total capacity had increased to 6,800 MW [51].

The potential and possible applications of concentrated solar power were explored in a study that was carried out
by Greenpeace International, the European Solar Thermal Electricity Association, and the SolarPACES group of the
International Energy Agency. According to the findings of the study, by 2050, concentrated solar power might meet
as much as 25 percent of the world's need for energy. During that time span, the amount of money invested would rise
from 2 billion euros all over the world to 92.5 billion euros. With more than 50 government-approved projects
currently in the works, Spain is the undisputed leader in the field of concentrated solar power technology. In addition
to this, it sells its technology on the international market, which helps to increase the sector's overall market share.
Experts anticipate the most rapid expansion in regions such as Africa, Mexico, and the southwest of the United States.
This is due to the fact that the technology functions most well in countries that receive a high amount of insolation
(solar radiation). It is a sign that the thermal storage technologies that are based on nitrates (calcium, potassium,
sodium, etc.) will make CSP plants more lucrative over time. Last but not least, the research pointed out that the
technology behind CSP was getting better and that this would lead to a significant drop in price by the year 2050. It
forecasted a reduction in cost to the range of 0.14-0.10 $/kWh, down from the current range of 0.23-0.15 $/kWh.

2.2.6 Solar water heating

Solar water heating systems can be utilized in rural healthcare facilities, hospitals, and even educational institutions
(see Fig. 9). The water is heated, most of the time in a specialized collector, and then stored in a tank until it is needed.
This is the basic function of the system. The heat is often collected into a heat transfer fluid, which subsequently
transmits its heat to the water that is stored in the tank. Collectors are designed to collect heat in the most efficient and
cost-effective manner possible. The flat plate and the evacuated tube collectors are the two most common types of
collectors. For instance, using a straightforward flat plate solar collector to bring the temperature of 100 liters of water
up by 40 degrees Celsius uses only around 2.5 square meters of collector space, but it saves approximately 10
kilograms of the wood fuel that would ordinarily be used to bring this quantity of water up to the desired temperature.
The thermosiphon system, which makes use of the natural propensity of warm water to rise and cooled water to sink,
is the most affordable technology that is now available. It is also the technology that can be installed with the least
amount of difficulty. When the sun shines on the collector, it warms up the water that is contained within the flow
tubes of the collector. This water will become lighter than the cold water that is stored in the solar storage tank that is
positioned above the collector as it warms since it will expand slightly as it heats. After then, gravity is responsible
for drawing the denser, colder water down from the tank and into the collector inlet. Because the cold water forces the
heated water through the collector outlet and into the top of the tank, the water that is contained within the tank is
heated as a result.


https://en.wikipedia.org/wiki/Solar_thermal_energy#Dish_designs
https://en.wikipedia.org/wiki/File:SolarStirlingEngine.jpg
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Fig. 9 flat plate solar collectors
2.2.7 Solar air heating

A solar air collector consists of two main parts: an absorber material that takes in radiation from the sun (which
could or might not have a selective surface) and a conduction heat transfer mechanism that transfers this heat to the
air as shown in Fig. 10. Air is heated and then directed into the building or the process area via ducts, depending on
which one is needed to suit the heating demands of the space or the process. Similar to a standard forced-air furnace,
solar thermal air systems distribute heat. In order for these systems to function, air is directed into ducts after passing
over a surface that collects energy, allowing it to absorb the thermal energy from the sun. Streamlined and efficient
collectors have several potential uses in HVAC and other industrial settings [59], [60].

There are many different ways to put solar air heating technologies to use, but one of them is finding a greener
approach to generate thermal energy while simultaneously decreasing our reliance on traditional heat sources like
fossil fuels. A few examples of the many uses for solar air heat systems include heating rooms, making greenhouse
growth seasons last longer, preheating makeup air for ventilation, and supplying process heat. Solar co-generation
involves combining solar thermal technology with P to increase system efficiency. This is achieved by drawing heat
away from the PV collectors, which in turn cools the PV panels to increase their electrical output, while at the same
time warming the air to heat the area. Improving the system's overall efficiency is the goal of all these actions.

= Hot water

| Height

! = Cold water
| difference ' o

Solar
collactor

Fig. 10 A thermosiphon solar water heating system

2.2.8 Solar drying

Drying wood for use in building and wood fuels such as wood chips for burning can both benefit from the
utilization of solar thermal energy. Solar energy is also put to use in the production of food. The drying of crops using
solar energy is not only better for the environment, but also more cost effective and improves product quality. When
it costs less money to create a product, that product may be offered for less money, which is to the benefit of both the
customers and the sellers. In the field of solar drying, there are technologies such as ultra-low cost pumped transpired
plate air collectors that are based on black textiles. using increasing the temperature while still enabling air to circulate
and rid the product of moisture, solar thermal energy can be of assistance in the drying process of products such as
wood chips and other forms of biomass as shown in Fig. 11. This can be accomplished using the procedure described
above [61]. Table 2 and 3 provides an illustration of a comparison of several drying procedures.
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Fig. 11 A solar drying system
Table 2 Comparison of drying technologies
Sun drying Solar drying Fuelled drying
Initial cost None Low High
Operating cost Low Low Medium
Temperature control None Poor Good
Continuous operation No No Yes
Speed of drying Slow Medium Fast
Protection from pests No Yes Yes
Table 3 Comparison of between direct and indirect drying technologies
Direct Solar Dryer Indirect

SUNLIGHT

/]

INSULATED FRAME

Operating Temperature Medium temp. usage (45-78 C) Medium temp. (45-75 C)

Scale of operation Applicable in small to industrial scale ~ Better in small scale usage

Need of solar collector No solar collector Solar collector must

Types of commodities Can also be used for products where Can also be used for products where
direct solar contact is mandatory direct solar contact is not mandatory

Performance in unfavourable weather Operating even in unfavourable Poor performance in unfavourable
weather weather

2.2.9 Solar cookers

Cooking, drying, and pasteurizing can all be accomplished with the use of solar cookers. Cooking with the sun can
save money on fuel costs, cut down on the need for fuel or firewood, and improve air quality by removing or
minimizing a source of smoke in the kitchen.

The box cooker is the most basic form of solar cooker and was first constructed by Horace de Saussure in the year
1767. A box cooker is a simple type of slow cooker that consists of an insulated container with a see-through lid as
shown in Fig. 12. These cookers may be used successfully even when the sky is partially cloudy and will normally
attain temperatures between 50 and 100 degrees Celsius [62]-[64].

Concentrating solar cookers utilize reflectors to focus the sun's rays on a cooking vessel, which speeds up the
cooking process. The flat plate, disc, and parabolic trough types are the reflector geometries that are used the most

11



frequently. However, in order for these designs to perform correctly, they need to be exposed to direct light. The
maximum temperature that they can reach is 350 degrees Celsius.

The solar bowl is a one-of-a-kind form of concentrating technology that is implemented at the Solar Kitchen in
Auroville, India. The solar bowl is an alternative to the traditional tracking reflector and fixed receiver systems.
Instead, it combines a spherical reflector that is fixed in place with a receiver that follows the focus of light as the Sun
travels across the sky. The receiver of the solar bowl can reach temperatures of up to 150 degrees Celsius, which can
be used to produce steam that assists in the preparation of 2,000 meals every day [62].

Scheffler reflectors are used in a number of different solar kitchens around India. This is yet another innovative
form of concentration technology. In the year 1986, Wolfgang Scheffler was the first person to invent this technology.
A parabolic dish with a single axis of tracking is called a Scheffler reflector. This type of reflector follows the daily
path of the Sun. These reflectors have a flexible reflective surface that can change its curvature to accommodate
seasonal shifts in the angle at which sunlight strikes it. This allows the reflectors to better reflect light. Scheffler
reflectors have the advantage of having a fixed focal point which improves the ease of cooking and are able to reach
temperatures of 450-650 °C [62]. The world's largest Scheffler reflector system is located in Abu Road, Rajasthan,
India. It was constructed in 1999 by the Brahma Kumaris, and it has the capacity to prepare up to 35,000 meals each
day. As of the beginning of 2008, over 2000 large cookers based on the Scheffler design had been constructed all over
the world.

t Caok Pot
-

Fig. 12 A solar cooker system
2.2.10 Solar distillation

The method of producing drinkable water from a salty source through the use of sun distillation is known as solar
enhanced distillation. It is possible to put it to use in regions where, for example, potable water is in short supply but
brackish water, which refers to water that contains dissolved salts, is readily available. Stills that use solar energy to
distill liquids typically offer a better return on investment for operations with lower production rates as shown in Fig.
13. In comparison to other technologies that have huge economies of scale, the costs rise significantly along with the
amount of output that is produced [65].

Fig. 13 A solar distillation system

2.3 Space application

The technology involved in spacecraft has recently gained a lot of popularity all around the world. In order to
advance in such a sector, a lot of study is being done right now. The process of refuelling spacecraft is the most
important factor to consider while developing space systems. The simulation process makes use of a wide variety of
computer models. For instance, NASCAP-2K has the capability to model spacecraft charging for a wide variety of
complex geometries and orbits [66]. Solar energy is employed to create an electrostatic discharge, which is the most
significant consequence in the process of spacecraft altering. This discharge can take the shape of a bulk discharge or
a surface discharge, depending on how it is created [54-65]. Because of the difficult nature of the technology and the
environmental problems surrounding nuclear power sources in space craft technology, photovoltaic power sources
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have been successfully integrated into earth-orbiting space spacecraft that are in low earth geo synchronous orbits.
Even for its trips in deep space, NASA plans to incorporate solar panels into its infrastructure.
3. Conclusion

This article provides a concise overview of solar energy for the future, covering topics such as the basics of
photovoltaic technology, the global energy scenario, the driving forces and development trends, the most outstanding
research in the field of solar power generation, photovoltaic thermal collectors, solar heaters, design improvements
and sizing, materials for efficient light absorption to enhance the solar industry, and the industry's potential
applications and obstacles. In order to make a substantial contribution to this field and ensure the world's energy
efficiency in the future, this concise depiction is extremely helpful for decision makers, academics, researchers, and
producers of solar systems.

[1]

[2]
[3]
[4]
[5]
[6]
g
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]

[21]

References
A. A Eladl, M. I. EI-Afifi, M. M. El-Saadawi, and B. E. Sedhom, “A review on energy hubs: Models, methods,
classification, applications, and future trends,” Alexandria Eng. J., vol. 68, pp. 315-342, 2023, doi:
10.1016/j.a€j.2023.01.021.
M. El-afifi and H. Sakr, “Security Issues and Challenges for [oT-based Smart Multi Energy Carrier Systems,”
Nile J. Commun. Comput. Sci., vol. 0, no. 0, pp. 0-0, 2023, doi: 10.21608/njccs.2023.232944.1019.
S. Shafiee and E. T. A, “When will fossil fuel reserves be diminished ?,” vol. 37, pp- 181-189, 2009, doi:
10.1016/j.enpol.2008.08.016.
A. A. Eladl, M. I. El-afifi, M. M. El-saadawi, and B. E. Sedhom, “Distributed Optimal Dispatch of Smart
Multi-agent Energy Hubs Based on Consensus Algorithm Considering Lossy Communication Network and
Uncertainty,” 2023, doi: 10.17775/CSEEJPES.2023.00670.
A. A. Eladl, M. E. EI-Afifi, and M. M. El-Saadawi, “Communication Technologies Requirement for Energy
Hubs: A survey,” 2019 21st Int. Middle East Power Syst. Conf. MEPCON 2019 - Proc., pp. 821-827, 2019,
doi: 10.1109/MEPCON47431.2019.9008006.
J. Asafu-Adjaye, “The relationship between energy consumption, energy prices and economic growth: Time
series evidence from Asian developing countries,” Energy Econ., vol. 22, no. 6, pp. 615-625, 2000, doi:
10.1016/S0140-9883(00)00050-5.
“Exergy analysis of renewable energy sources,” no. May, p. 3100723, 2003.
K. Alanne and A. Saari, “Distributed energy generation and sustainable development,” Renew. Sustain.
Energy Rev., vol. 10, no. 6, pp. 539-558, 2006, doi: 10.1016/j.rser.2004.11.004.
A. V Herzog, T. E. Lipman, and D. M. Kammen, “Renewable energy sources. Encyclopedia of life support
systems (EOLSS).”
N. L. Panwar, S. C. Kaushik, and S. Kothari, “Role of renewable energy sources in environmental protection:
A review,” Renew. Sustain. Energy Rev., vol. 15, no. 3, pp. 1513-1524, 2011, doi: 10.1016/j.rser.2010.11.037.
N. S. Lewis, “Toward cost-effective solar energy use,” Science (80-. )., vol. 798, no. 1, pp. 798-802, 2007,
doi: 10.1126/science.1137014.
A. J. Nozik, “Photoelectrochemistry: applications to solar energy conversion,” Annu. Rev. Phys. Chem., vol.
29, pp. 189-222, 1978.
G. O. G. Lof, J. A. Duffie, and C. O. Smith, “World distribution of solar radiation,” Sol. Energy, vol. 10, no.
1, pp. 27-37, 1966, doi: 10.1016/0038-092X(66)90069-7.
F. D. J. Nieuwenhout et al., “Experience with solar home systems in developing countries: A review,” Prog.
Photovoltaics Res. Appl., vol. 9, no. 6, pp. 455-474, 2001, doi: 10.1002/pip.392.
D. Renné, R. George, B. Marion, D. Heimiller, and C. Gueymard, “Solar Resource Assessment for Sri Lanka
and Maldives Prepared by : Solar Resource Assessment for Sri Lanka and Maldives,” p. 18, 2003.
“Towards a standard methodology for greenhouse gas balances of bioenergy systems in comparison with fossil
energy systems.,” no. July 1996, p. 3091, 1998.
A. Tiwari, “A Review on Solar Drying of Agricultural Produce,” J. Food Process. Technol., vol. 7, no. 9,
2016, doi: 10.4172/2157-7110.1000623.
N. Armaroli and V. Balzani, “The future of energy supply: Challenges and opportunities,” Angew. Chemie -
Int. Ed., vol. 46, no. 1-2, pp. 52-66, 2007, doi: 10.1002/anie.200602373.
M. El-afifi and W. Abdelrazik, “Renewable Energy Sources Applications in Currently Occupied Structures,”
Nile J. Commun. Comput. Sci., vol. 0, no. 0, pp. 0-0, 2023, doi: 10.21608/njccs.2023.232923.1018.
M. I. EI-Afifi, M. M. El-Saadawi, B. E. Sedhom, and A. A. Eladl, “An IoT-fog-cloud consensus-based energy
management algorithm of multi-agent smart energy hubs considering packet losses and uncertainty,” Renew.
Energy, vol. 221, no. June 2023, p. 119716, 2024, doi: 10.1016/j.renene.2023.119716.
M. I. El-afifi and M. M. Saadawi, “Cogeneration Systems Performance Analysis as a Sustainable Clean

13



[22]
[23]
[24]

[25]

[26]

[27]

[28]

[29]
[30]

[31]
[32]

[33]

[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

[43]

[44]

[45]

[46]

Energy and Water Source Based on Energy Hubs Using the Archimedes Optimization Algorithm,” 2022.

S. Black, IMF Fossil Fuel Subsidies Data: 2023 Update, vol. 2023, no. 169. 2023.

D. Mcginn et al., “RenewableS 2013 GLOBAL STATUS REPORT 2013,” 2013.

H. Sakr and M. I. EI-Afifi, “Mechanisms of system penetration: Review,” Nile J. Commun. Comput. Sci., vol.
0, no. 0, pp. 0-0, 2023, doi: 10.21608/njccs.2023.248409.1024.

A. A. Eladl, M. I. EI-Afifi, M. A. Saeed, and M. M. El-Saadawi, “Optimal operation of energy hubs integrated
with renewable energy sources and storage devices considering CO2 emissions,” Int. J. Electr. Power Energy
Syst., vol. 117, no. November 2019, p. 105719, 2020, doi: 10.1016/j.ijepes.2019.105719.

A. T. Khalil, A. I. Abdel-Fatah, and H. A. Sakr, “Rapidly [Pv6 multimedia management schemes based LTE-
A wireless networks,” Int. J. Electr. Comput. Eng., vol. 9, no. 4, pp. 3077-3089, 2019, doi:
10.11591/ijece.v9i4.pp3077-3089.

M. A. MOHAMED, “Handover Management Optimization over LTE A Network using S1 and X2 handover,”
no. August, pp. 58-64, 2018, doi: 10.15224/978-1-63248-157-3-11.

M. Abdel-Azim, M. . Awad, and H. . Sakr, “VoIP versus VoMPLS Performance Evaluation.,” Int. J. ..., vol.
11, no. 1, pp. 194-198, 2014, [Online]. Available:
http://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=169
40784&AN=94483469&h=80tr2GWRgNimHK9IRACopOHXM20eNATtspyexSCAwoBkGIBfcyfG+WWf
cvCOEZukczwOq+C1WHD1gEp1199foxw==&crl=c.

M. A. Mohamed, H. Sakr, and R. Awards, “RSVP BASED MPLS VERSUS IP PERFORMANCE
EVALUATION,” no. August, 2019.

H. A. Sakr, H. M. Ibrahim, and A. T. Khalil, Impact of Smart Power Efficient Modes on Multimedia Streaming
Data Beyond 5G Networks, vol. 125, no. 1. Springer US, 2022.

A. M. Soomro, “Constructor Development : Predicting Object Communication Errors.”

J. W. Moses, “Global markets,” SAGE Handb. Eur. Foreign Policy, pp. 998-1012, 2015, doi:
10.4135/9781473915190.n69.

J. Hoppmann, J. Volland, T. S. Schmidt, and V. H. Hoffmann, “The economic viability of battery storage for
residential solar photovoltaic systems - A review and a simulation model,” Renew. Sustain. Energy Rev., vol.
39, no. November, pp. 1101-1118, 2014, doi: 10.1016/j.rser.2014.07.068.

M. I. E.-A. Hesham. A. Sakr, PLVAR team, “Intelligent Traffic Management Systems: A review,” Nile J.
Commun. Comput. Sci., vol. 5, no. 1, pp. 42-56, 2023, doi: 10.21608/NJCCS.2023.321169.

M. Bazilian et al., “Re-considering the economics of photovoltaic power,” Renew. Energy, vol. 53, pp. 329—
338, 2013, doi: 10.1016/j.renene.2012.11.029.

R. M. Ibrahim, M. M. Elkelany, A. Ake, and M. I. El-afifi, “Trends in Biometric Authentication : A review,”
vol. 6, no. December, pp. 1-12, 2023.

A. A. Eladl, M. E. EI-Afifi, and M. M. El-Saadawi, “Optimal power dispatch of multiple energy sources in
energy hubs,” 2017 19th Int. Middle-East Power Syst. Conf. MEPCON 2017 - Proc., vol. 2018-Febru, no.
December, pp. 1053-1058, 2018, doi: 10.1109/MEPCON.2017.8301312.

J. M. Pearce, “A Review of Solar Photovoltaic Levelized Cost of Electricity,” vol. 15, pp. 4470-4482, 2011.
C. J. Yang, “Reconsidering solar grid parity,” Energy Policy, vol. 38, no. 7, pp. 3270-3273, 2010, doi:
10.1016/j.enpol.2010.03.013.

A. M. Soomro, “In MANET : An Improved Hybrid Routing Approach for Disaster Management.”

A. H. Rabie, N. A. Mansour, A. I. Saleh, and A. E. Takieldeen, “Expecting individuals’ body reaction to
Covid-19 based on statistical Naive Bayes technique,” Pattern Recognit., vol. 128, p. 108693, 2022, doi:
10.1016/j.patcog.2022.108693.

S. Marko and I. Darul’a, “Large scale integration of renewable electricity production into the grids,” J. Electr.
Eng., vol. 58, no. 1, pp. 58-60, 2007.

P. Derewonko and J. M. Pearce, “Optimizing design of household scale hybrid solar photovoltaic + combined
heat and power systems for Ontario,” Conf. Rec. IEEE Photovolt. Spec. Conf., pp. 001274-001279, 2009, doi:
10.1109/PVSC.2009.5411247.

M. Esmaeili Shayan and J. Hojati, “Floating Solar Power Plants: A Way to Improve Environmental and
Operational Flexibility,” Iran. J. Energy Environ., vol. 12, no. 4, pp. 337-348, 2021, doi:
10.5829/ijee.2021.12.04.07.

N. N. Wagh, M. M., & Shinde, “A review on floating solar photovoltaic power plants.,” no. June 2017, pp.
789-794, 2017.

D. A. R. Barkhouse, O. Gunawan, T. Gokmen, T. K. Todorov, and D. B. Mitzi, “Yield predictions for
photovoltaic power plants:empirical validation,recent advances and remaining uncertainties,” Prog.

14



[47]
[48]

[49]
[50]
[51]
[52]
[53]
[54]

[55]
[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]
[65]
[66]
[67]
[68]

[69]

[70]

[71]

[72]

Photovoltaics Res. Appl., vol. 20, no. 1, pp. 6-11, 2015, doi: 10.1002/pip.

International Renewable Energy Agency and IRENA, Renewable Energy Outlook: Egypt. 2018.

V. Ramasamy and R. Margolis, “Floating Photovoltaic System Cost Benchmark: Q1 2021 Installations on

Artificial Water Bodies,” Natl. Renew. Energy Lab., vol. 1, no. 10, pp. 1-15, 2021.

E. W. Law, M. Kay, and R. A. Taylor, “Calculating the financial value of a concentrated solar thermal plant

operated using direct normal irradiance forecasts,” Sol. Energy, vol. 125, pp. 267-281, 2016, doi:

10.1016/j.solener.2015.12.031.

E. B. Stechel and J. E. Miller, “Sunshine to petrol,” ACS Natl. Meet. B. Abstr., 2011.

B. Book, C. Solar, and P. Industry, “Blue Book of China’s Concentrating Solar Power Industry 2021,” 2021.

T. M. Y. Khan and E. Jassim, “Solar Thermal Systems , and the Dawn of Energy,” pp. 1-30, 2023.

Y. P. Chandra, A. Singh, S. K. Mohapatra, J. P. Kesari, and L. Rana, “Numerical optimization and convective

thermal loss analysis of improved solar parabolic trough collector receiver system with one sided thermal

insulation,” Sol. Energy, vol. 148, pp. 36-48, 2017, doi: 10.1016/j.solener.2017.02.051.

K. Vignarooban, X. Xu, A. Arvay, K. Hsu, and A. M. Kannan, “Heat transfer fluids for concentrating solar

power systems - A review,” Appl. Energy, vol. 146, pp. 383-396, 2015, doi: 10.1016/j.apenergy.2015.01.125.

T. Big, “PV market checkup,” vol. 16, no. 4, 2013.

K. Milidonis et al., “Review of application of Al techniques to Solar Tower Systems,” Sol. Energy, vol. 224,

no. August, pp. 500-515, 2021, doi: 10.1016/j.solener.2021.06.009.

R. Abbas, J. Mufioz-Antén, M. Valdés, and J. M. Martinez-Val, “High concentration linear Fresnel reflectors,”

Energy Convers. Manag., vol. 72, pp. 60-68, 2013, doi: 10.1016/j.enconman.2013.01.039.

Green-India, “The Solar Thermal Breakthrough: Ausra’s Compact Linear Fresnel Reflector (CLFR) and

Lower Temperature Approach,” p. 7, 2010, [Online]. Available:

http://web.archive.org/web/20110721150750/http://www.ese.iith.ac.in/activities/solarpower/ausra.pdf.

S. Fawzy, E. E. Abd-Raboh, M. I. EI-Afifi, and A. A. Eladl, “Optimal location and operation of energy storage

and transmission switching for minimizing wind power spillage,” J. Energy Storage, vol. 90, p. 111925, Jun.

2024, doi: 10.1016/J.EST.2024.111925.

M. I. EI-Afifi, B. E. Sedhom, A. A. Eladl, M. Elgamal, and P. Siano, “Demand side management strategy for

smart building using multi-objective hybrid optimization technique,” Results Eng., vol. 22, p. 102265, Jun.

2024, doi: 10.1016/J.RINENG.2024.102265.

L. Bennamoun and A. Belhamri, “Study of solar thermal energy in the north region of Algeria with simulation

and modeling of an indirect convective solar drying system,” Nat. &Technology, vol. 4, no. December 2013,

pp. 34-40, 2011.

E. Cuce and P. M. Cuce, “A comprehensive review on solar cookers,” Appl. Energy, vol. 102, pp. 1399-1421,

2013, doi: 10.1016/j.apenergy.2012.09.002.

M. 1. El-Afifi, B. E. Sedhom, and A. A. Eladl, “Smart Building Demand Side Management Using Multi-

Objective Archimedes Optimization Algorithms,” 2023 24th Int. Middle East Power Syst. Conf. MEPCON

2023, no. December, 2023, doi: 10.1109/MEPCON58725.2023.10462410.

H. A. Sakr et al., “Al-based Traffic System: A Novel Approach,” 2023 24th Int. Middle East Power Syst.

Conf. MEPCON 2023, no. December, 2023, doi: 10.1109/MEPCON58725.2023.10462361.

H. A. Sakr and M. I. El-afifi, “A Framework for Confidential Document Leakage Detection and Prevention,”

vol. 7, pp. 1-14.

R. Verduci et al., “Solar Energy in Space Applications: Review and Technology Perspectives,” Adv. Energy
Mater., vol. 12, no. 29, 2022, doi: 10.1002/aenm.202200125.

Mansour, Nehal A., and Hesham A. Sakr. "The Role of data mining in healthcare Sector." Nile Journal of
Communication and Computer Science 4.1 (2023): 1-11.

Ibrahim, M., Bajwa, 1. S., Sarwar, N., Hajjej, F., & Sakr, H. A. (2023). “An Intelligent Hybrid Neural
Collaborative Filtering Approach for True Recommendations”. IEEE Access.

Khan, S. H., Alahmadi, T. J., Alsahfi, T., Alsadhan, A. A., Mazroa, A. A., Alkahtani, H. K., ... & Sakr, H. A.
(2023). COVID-19 infection analysis framework using novel boosted CNNs and radiological images.
Scientific Reports, 13(1), 21837.

ALMEIDA, FRIBAN, Hesham A. Sakr,et al. . "Detecting Three Different Diseases of Plants by Using CNN
Model and Image Processing." J. Electrical Systems 20.2 (2024): 1519-1525.

H. A. Sakr, A. |. Abdel-Fatah, A. T. Khalil, “Performance Evaluation of Power Efficient Mechanisms on
Multimedia over LTE-A Networks”, International Journal on Advanced Science, Engineering and
Information Technology, (IJASEIT), vol. 9, no. 4, pp.1096-1109, 2019.

H.A.Sakr, and M.A . Mohamed, “Performance Evaluation Using Smart: HARQ Versus HARQ Mechanisms

15



Beyond 5G Networks”, Wireless. Pers. Communication (Springer), pp.1-26, ISSN:1572-834X, June 2019.

16



