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Abstract: - A novel energy production system known as floating photovoltaic technology has captured the
interest of many people due to its many advantages. The floating photovoltaic system contributes to a reduction
in water evaporation and an increase in energy output. The development of floating photovoltaic power plants
necessitates the study of these systems from both an electrical and mechanical structure perspective for research
objectives. Numerous studies have been conducted on floating photovoltaic systems from various angles that
have examined these systems. The goal of this paper is to provide a standard design procedure and performance
for the construction of a floating photovoltaic energy system at the surface of Toshka lake for the generation of
electricity to a household using PV Syst. software. Also it provides a logical analysis and up-to date assessment
of the many characteristics and elements of floating photovoltaic systems as an energy production system. The
performance ratio analysis reveals that the lowest value was obtained in the month of March is 64% and the
maximum value was obtained in the month of December is 82%whereas the average value for year is 71.3%.

Analysis of losses has also been done.
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1 Introduction

Solar energy is the most suitable energy source.is
now being used in many ways and have the potential
to serve as an alternative source of energy-to-energy
sources that are conformist [1]._The most well-
known application for converting light energy into
electrical power is a solar photovoltaic (PV) energy
system [2].__A mnovel design approach for
photovoltaic (PV) power plants is floating
photovoltaic systems (FPVSs)._ FPVSs are often
built on water bodies like natural lakes or dam
reservoirs. Since 2007, this technology has gained
more global interest, and medium- and large-scale
FPVSs have already been installed in various
countries [3]. The first 20 kW FPV system
installation was documented in Aichi, Japan and
was built for research purposes [4]. Trapani and
Santafé¢ examine the floating PV developments
installed between 2007 and 2013, including
significant high-capacity setups with installed sizes
of 175 kW carried out in California in 2008 and a 24
kW floating PV model installed in Spain in 2015
with the aim of reducing water loss as evaporation
[5]. Ueda et al. construct the research for

E-ISSN: 2692-5079

151

investigating the cooling effect and power output of
FPV modules [6]. A 40 MW floating photovoltaic
(FPV) system was recently installed in China, and it

appears that in the near future, the capacity of
floating PV installations will expand quickly [7].
Along with the mooring system, separate floats, PV
panels, electrical cables, connections and power
utilized in the these
components are crucial to the FPV power systems
[8]._Additionally, Sacramento et al. examined the
cooling effect of FPV panels on various water

solar inverters water,

storage structures in Brazil in an area with moderate
rainfall throughout the year and compared the
productivity of floating PV power systems to solar
PV systems mounted on the land [9]. In 2016, Sahu
et al. examined the advantages and disadvantages of
these systems [10]. This paper offers a logical
analysis and contemporary evaluation of the many
characteristics and components of FPVT systems as
an energy production system. This work placed a lot
of emphasis on modelling a 2.2 KWp Stand-alone
floating photovoltaic and described the design
procedure to address problems with PV module
selection, inverter power sizing, site selection, string
arrangement, and other relevant difficulties.
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2 Location

Toshka Lakes in New Valley Governorate as shown
in Fig. 1 has been chosen as an under consideration
site The specific geographical location of Toshka
Lakes is at a location of 23.1°N latitude, 30.9°E
longitude, with an average daily solar energy of
about 6.72 kWh/m2 global Horizontal Irradiance
(GHI), while average Direct Normal Irradiance
(DNI) reaches 7.92 kWh/day [11]. Toshka Lakes are
natural depressions in the Sahara Desert that receive
runoff from Lake Nasser, a 340-mile Nile River
reservoir. The rise and decline of the lakes is
influenced by changes in the flow of the Nile. In
2017 and 2018, for example, the lakes had shrunk to
the size of tiny water remnants. This tendency began
to reverse in 2019, when abundant summer rainfall
in Sudan raised the water level in Lake Nasser,
which began to fill the Tosha Lakes as well. This
pattern continued in 2020, when record-breaking
floods caused the highest water level ever measured
in Lake Nasser. In 2021, Sudanese floodwaters
reached new highs [12].
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Fig. 1: Toshka Lakes

3 Stand-alone Photovoltaic System

Stand-alone PV systems are systems that are
disconnected from the public electricity grid.
Because the energy generated is typically not
needed at the same time as it is created, these
systems need an energy storage system. They are
typically utilized in places where it is either not
feasible or not acceptable to install an electrical
supply from the main utility grid. Therefore,
developing nations where sizable parts are typically
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still not supplied by an electrical system are
preferred to them. The following are the primary
parts of a typical stand-alone PV system [13]:

e Solar PV Modules:
electricity.

convert sunlight directly to

* Charge Controllers: manage the charging and
discharging of the batteries in order to maximize
their lifetimes and minimize operational problems.

e Battery or Battery Bank: Stores the energy
generated by the PV modules.

e Inverter: converts the DC current generated by
the solar PV modules to AC current for AC
consumer load.

4 Elements of a FPV System

FPV system as shown in Fig. 2 consists of PV
modules to collect solar energy, floats to provide
buoyancy, a structure to support the PV panels, a
mooring system to prevent the plant from moving
around freely, electrical components, and optional
efficiency systems make up a generic FPV system
[14].

Floabng structure
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Fig. 2: Components of a generic FPV system.

4.1 Floats

The floats give the structure buoyancy to keep it
afloat. They are typically constructed of high-
density polyethylene (HDPE), a UV light-resistant,
non-hazardous, maintenance-free plastic material
with high tensile strength [15]. However, some
denser elements, like steel or concrete have been
taken into consideration [16]. The material's
resilience to rot, fire, and penetration is another
important quality. In order to prevent loss of
buoyancy due to perforation of the floats, this final
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feature can be improved using expanding filling
foams [17]. The floats are anticipated to resist
heavier loads and the effects of saltwater corrosion
and biofouling in marine applications [18]._ HDPE is
resistant to corrosion, but antifouling coatings may
still be necessary for floats to maintain their
mechanical characteristics [19]. In addition, HDPE
has been noted as a possible source of microplastics.
Plastic debris is a significant environmental issue.
Sustainable plastics should be taken into
consideration to lessen the environmental effects of
plastic waste [20].

4.2 Supporting Structure

The PV modules and stresses between components
are supported by transmitting through a metallic
structure in the majority of FPV designs. However,
some designs do not include this component and
instead allow for a single PV module per float [21].
The supporting structure may also significantly
contribute to maintaining the panels in marine
applications at a safe height above sea level [22].

The structural components are typically made of
materials like galvanized steel, high durability steel,
or aluminum [23]. Corrosion is the main problem
with steel or aluminum in marine industry. due to
their exceptional seawater corrosion resistance [24]
and lower density [25], composite materials, and
particularly fibre-reinforced polymers (FRP), are
being used in the maritime sector. On a number of
FPV designs, FRP was chosen over steel or
aluminum [26].

4.3 The Mooring Mechanism

The FPV plant is secured by the mooring system,
which restricts its freedom of movement to reduce
risk of harm to it or other floating entities. In
freshwater endeavors, synthetic fiber rope, elastic
rubber hawsers, or combinations of both, are used
[27]. However, mooring lines are typically formed
of steel chains or wire ropes in maritime floating
structures [28].

4.4 Photovoltaic Panels

PV modules are constructed from solar cells, which
require light-absorbing materials to absorb photons
and produce free electrons via the photovoltaic
effect [29]. PV panels are typically made of silicon,
cadmium telluride, cadmium sulphide, organic and
polymer cells, hybrid photovoltaic cells, and thin-
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film technology [30]. To date, large-scale FPV
deployments have almost entirely used crystalline
silicon wafer-based modules [31]. Flexible
membranes built on thin-film technology, on the
other hand, have been proposed. This adaptability
could help maritime FPV systems withstand wave
loads. In offshore environments, PV modules'
resistance can be increased by raising panel stiffness
or mounting strings and cells on the neutral axis.
Crack formation can be reduced to some extent by
using encapsulates with decreased elasticity. Using
half-cut cells can also help to decrease fatigue. The
offshore environment may also hasten PV module
degradation, reducing plant dependability [32]. The
spectral absorption of the solar panel cover glass
will be reduced [33]. Salt particles that have
accumulated may also impede output [34].

4.5 Electrical elements

To transform and transport electricity from FPV
plants to land, a network of cables and electrical
components is needed. Wiring can be done either
above or below water. To reduce dangers, most
electrical components are kept above water, but this
does not negate the need to make them waterproof.
Most cables that link the system are_subjected to
high levels of UV radiation and significant
temperature fluctuations, which must be taken into
account when designing the cabling system [34].
The output voltage of PV modules does not match
the AC grid voltage due to the intermittent nature of
solar power plants and variations in load demand
[35]._To achieve the required voltage, DC/DC
converters are suggested [36]. When the necessary
voltage is reached, an inverter connects the plant to
the alternating current (AC) grid. These components
are best maintained on the ground, but they can be
installed on floating islands for large-scale projects
and offshore uses [37].

The interconnection of the modules effects the
plant's productivity due to partial shading. Partial
shading losses can result in a yearly energy loss of
5-10% [38].

4.6 Efficiency systems

To maximize output, FPV plants can handle a range
of optional systems. These include tracking, cooling,
cleaning, and storage systems.
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4.6.1 Tracking system

There is an optimal alignment of solar panels for
each place and time that ensures peak performance.
As a result, the tracking system's goal is to
maximize energy gains over the lifespan of the PV
system._Active, passive, semi-passive, manual, and
chronological solar tracker drive methods are
available [39].

Because the panels are floating, some alignment
disturbances are to be anticipated, and the effect on
electricity generation must be studied [40] Trackers
can rotate around a single (horizontal or vertical) or
dual (tip-tilt or azimuth-altitude) plane.

Tracking around the horizontal axis is possible in
systems that enable tilting, most notably pontoon-
based systems. There are several methods for
tracking around the vertical plane in FPV. For this
reason, some ideas, patents, and commercial designs
include rotating platforms. Concentrating, which
uses reflectors to enhance energy harvesting, can be
combined with tracking [41]. The actuation method
for the tracking system is typically a motor, but a
design that uses wave energy to adjust the angle of
the PV module for solar tracking has also been
suggested [42].

4.6.2 System of cooling and cleansing

The photoelectric effect harvests energy from only a
small portion of the sun spectrum. The remainder of
the spectrum is unwanted irradiation, which raises
the working temperature of the panels and reduces
their efficiency. Water cooling can be maximized by
positioning the panels on the water's surface, as seen
in semi-submerged and thin-film arrangements [43].
Cooling systems are a different method to ensuring
a low operating temperature. Cooling techniques
suggested including forced air, Water Veil Cooling
(WVC), and water spraying [44].

Aside from a reduced operating temperature,
techniques based on applying water to PV cells have
additional advantages such as solar spectrum
modification [45], a change in reflected light, and
panel cleaning benefits. These techniques
necessitate an energy input that is consistent with
the benefits of working at lower temperatures and
mitigating negative dust effects. A WVC system
requires less than 1% of the energy produced, while
the energy gain is anticipated to be around 10% [46,
47].

The WVC also benefits from the decrease of
reflected radiation. Irradiance reflection usually
reduces the electrical yield of PV modules by 8-15%
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[48]. At high latitudes, where energy gains can rise
by 4%, reducing reflection is advantageous. Some
studies show that spraying water over the modules is
advantageous, because the energy required to pump
the water is offset by the efficiency gains. The
primary causes of PV module degradation are
temperature, humidity, and UV radiation [49].
Overheating of PV modules causes a number of
ageing processes, including delamination, cell
cracking, and solder bond degradation [50]. As a
result, cooling methods may help to extend the life
of FPV technology.

4.6.3 Storage system

Because of the variations in demand and generation,
as well as the high expense of transmission cables
for peak power levels, integrating renewable energy
sources into the electric system is difficult. Storage
systems may be used to resolve these issues [51].
Batteries, compressed-air energy storage (CAES),
pumped water storage, and hydrogen production are
examples of renewable energy storage options. The
primary PV energy storage method has been limited
to batteries [52]. Batteries, on the other hand, are
expensive and have a limited life span, which results
in the generation of hazardous [53].
Compressed-air energy storage (CAES) is a well-

waste

known method used in other renewable energy
sources such as offshore wind [54].

5 PVSYST Software

The PVSYST is a more effective modelling tool that
allows for a variety of possibilities, including
creating a grid-connected PV system, a standalone
PV system, small-scale energy production for
pumping purposes, and just DC power production.
The user can pick a certain design area and mitigate
for a solution according on the requirement. The
software also gives users the chance to create a
rough design for marketing and consumer
promotion of PV system installations. The detailed
design is for solar installers, and it can produce
results so that one can start the process of building
up a solar PV plant based on the outcomes of the
simulation [55]. This software aids in the design of
the system's configuration and also allows for the
calculation of the quantity of energy generated. The
output is based on the simulation of the system,
which is further influenced by the geographical
location of the PV system. Several simulation
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factors may be included in the results, which can be
displayed on a monthly, daily, or hourly basis
values. The "Loss Diagram" forecasts system design
flaws [56]. PVSyst simulation is carried out in the
following steps.

6 Stand-alone PV system design

Floating stand-alone systems can range in power
from a few milliwatts to several kilowatts and are
not tied to any electricity grid. Solar modules, a
controller, and an inverter are the basic components
of floating standalone systems, which run on
batteries [57]. DC power is generated by solar
modules. The battery is charged by the charge
controller, which channels this energy. The
controller has two tasks to complete: charge the
battery and guard against overcharging batteries.
They do away with any reverse current. Anytime,
day or night, the energy that is stored in the battery
throughout the day can be utilized. The design of the
Stand-alone PV system can be done using the
following steps.

6.1 Calculating the load

Table 1 below provides information on the
household's daily minimum load consumption
requirements.

6.2 Battery specifications

Table 2 below provides a detailed list of all battery
set specifications used in the design of the PV
system.

6.3 PV array specifications

The details of the PV module used for the PV
system design are presented in Table 3 below.

6.4 Charge Controller

The universal controller MPPT Converter as shown in
fig.4 of 1000Wand 24 V is used to design the stand-alone
PV system having maximum charging and discharging
current i.e. 32 A to 20 A.

7 Solar horizon and geographic
location

The monthly data of global irradiation, diffused

irradiation, temperature, wind speed, etc. have been
described in Table 5 using the PVsyst software. The
section of the horizon in Fig. 3 illustrates how much
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of the sun is actually accessible. The blue line
correlates to the photovoltaic modules' auto-shade,
while the red line depicts shading around the sun-
powered field that is essentially surrounded by far-
off trees.

Table 1. the required load.

Detatod User's nesds
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Table 2. battery specifications

Battery
Manufacturer Generic
Model Adjustable Lead-acid
Technolegy Lead-acid, sealed, plates
Nb. of units 12 in parallel x 4 in series
Discharging min. SOC 200 %
Stored energy 7.7 KWh
Battery Pack Characteristics
Voltage 48V
Nominal Capacity 1200 Ah (C10)
Temperature Fixed 20 °C
Table 3. PV array data.

PV module
Manufacturer Generic
Model CdF-1000E1

(Original PVsyst database)
Unit Nom. Power 100 Wp
Number of PV modules 22 units
Nominal (STC) 2200 Wp
Modules 22 Strings x 1 In series
At operating cond. (50°C)
Pmpp 2072 Wp
U mpp 52V
| mpp 40 A
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Table 4. Charge Controller specifications.

Controller

Universal controller

Technology MPPT converter

Temp coeff. -5.0 mV/°CIE
Converter

Maxi and EURO efficiencies 97.0/950 %
Total PV power

Nominal (STC) 2.20 kWp
Total 22 modules
Module area 177 m?

Table 5. The incident energy data by Mateo
database.
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Fig. 3: Solar horizon.

8 Solar module tilting

According to Fig. 4, the filed structure is a fixed
plane with a tilt of 20 and an azimuth of 0. The
optimization is carried out for yearly irradiation
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yield with regard to the energy collector on the
plane, which is 2481 kWh/m2,
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Fig. 4: Module orientation and tilt angle

9 Stand-Alone System Layout

The inverter module within the standalone PV
architecture needs to be selected from the inverter
database. A stand-alone SYSTEM schematic
diagram is depicted in the figure below. The diode
displayed here is the bypass diode used for
protection, as shown in Fig.5. Due to the solar PV
system's lower energy abdication, the power
generated by it is utilized with as few losses.
Therefore, it is necessary to reduce these losses by
removing the parts that have an impact on the losses
generated within the PV system. A few of the
natural factors that affect PV system losses include
dust, rain, and temperature, in addition to losses
brought on by system components like cables and
inverters.

Typecal bryust of 2 stand iome system

Fig. 5: Layout of stand-alone system.
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Simulation Results

In this study, simulation is carried out using PVsyst
software. For the proposed site only, all of the
figures were produced through the simulation. The
yearly equalizations and key outcomes for the
standalone PV system are shown in Table 5 below

It is

evident that the vitality which client can receive

is 3890.6 kWh. Also, table 5 displays the solar

frac

tion's numerical value for each month. The

simulation computer program's execution proportion

was
Fig.
and
the

nearly comparable for each month, as shown in
6 Figure 6 also displays the performance ratio
solar fraction. The final PV system yield (Yf) to
reference yield (Yr) ratio is known as the

performance ratio (PR) The lowest PR was obtained
in the month of March due to the high temperature
of the PV module, and the maximum PR was
obtained in the month of December because of the

low

module temperature. The PR is 71.3% on

average each year. Fig. 7 shows the month-to-month

vitality generation with losses Throughout the year,
many types of field losses can occur in standalone

pho

Perlormance Ratio PR

tovoltaic systems, as shown in Fig. 8.
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Fig. 6: Performance Ratio and Solar Fraction.
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Fig. 8: Loss diagram for the whole year.
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Table 6. The yearly equalizations and fundamental
results of off-grid PV framework.
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11 Conclusion

This paper presents the design procedure and
performance of a floating photovoltaic energy
system for the generation of electricity at the surface
of Toshka lake. The performance ratio and losses of
this system have also been thoroughly studied using
the PVsystsoftwre... The typical annual energy
needs for a household is 4004 kWh, 4500.2 kWh are
available from solar panels, and 3890.6 kWh are
delivered to the consumer. Different types of losses
account for the system's decreased power capacity.
The performance ratio analysis shows that the
lowest PR was obtained in the month of March due
to the high temperature of the PV module, and the
maximum PR was obtained in the month of
December because of the low module temperature.
The average PR for the year is 71.3%. In a
simulation of a PV system, the module behavior
determines the losses. The PVsyst software
application examines all kinds of losses. The PVsyst
software application examines every kind of loss.
PVsyst tries to use the best models for each
component of the PV system, including all potential
causes of losses. This document acts as a better
reference for solar practitioners and novices who are
interested in setting up solar stand- alone
photovoltaic systems. PVSYST software can be
used to precisely evaluate various system losses.

E-ISSN: 2692-5079

158

Hanaa M. Farghally, Emad A. Sweelem

References:

[1] Martin, L., Hernandez, B., & Martin, M.
(2016). Solar energy as source for power and
Chemicals. Alternative Energy Sources and

Technologies, 181-206.
https://doi.org/10.1007/978-3-319-28752-
2.7.

[2] Solar Photovoltaic Technology Basics. (n.d.).
Energy.gov.
https://www.energy.gov/eere/solar/solar-
photovoltaic-technology-basics

[3] Abdelgaied, M., Kabeel, A. E., Zelenakova, M.,
& Abd-Elhamid, H. F. (2023b). Floating
Photovoltaic Plants as an Effective Option to
Reduce Water Evaporation in Water-Stressed
Regions and Produce Electricity: A Case
Study of Lake Nasser, Egypt. Water, 15(4),
635. https://doi.org/10.3390/w15040635

[4] Gorjian, S. et al. (2021) ‘Recent technical
advancements, economics and environmental
impacts of Floating Photovoltaic Solar
Energy Conversion Systems’, Journal of
Cleaner Production, 278, p. 124285.
doi:10.1016/j.jclepro.2020.124285.

[5] Trapani, K., & Redon Santafé, M. (2014,

January 23). A review of floating
photovoltaic installations: 2007-2013.
Progress in Photovoltaics: Research and
Applications, 23(4), 524-532.

https://doi.org/10.1002/pip.2466

[6] Idoko, L., Anaya-Lara, O., & McDonald, A.
(2018, November). Enhancing PV modules
efficiency and power output using multi-
concept cooling technique. Energy Reports,
4, 357-369.
https://doi.org/10.1016/j.egyr.2018.05.004

[7] Joshi, P. (2023) Enabling floating solar
photovoltaic (FPV) deployment in Southeast
Asia: Overview with considerations for
aquaculture PV [slides] [Preprint].
doi:10.2172/1957987.

[8] What you need to know about anchoring and
mooring for floating PV (no date a) Glint
Solar. Available at:
https://www.glintsolar.ai/blog/what-you-
need-to-know-anchoring-and-mooring-
floating-pv (Accessed: 17 July 2023).

[9] A review on Floating Photovoltaic Technology
(FPVT) - researchgate. Available at:
https://www.researchgate.net/publication/355
251818 A Review_on_Floating Photovoltai

Volume 5, 2023


https://doi.org/10.1007/978-3-319-28752-2_7
https://doi.org/10.1007/978-3-319-28752-2_7
https://doi.org/10.3390/w15040635
https://doi.org/10.1002/pip.2466

Engineering World
DOI:10.37394/232025.2023.5.17

¢ Technology FPVT (Accessed:
2023).

[10] Sahu, A., Yadav, N. and Sudhakar, K. (2016)
‘Floating photovoltaic power plant: A
Review’, Renewable and Sustainable Energy
Reviews, 60, pp. 815-824.
doi:10.1016/j.rser.2016.08.051.

15 July

[11] Two decades of change at Toshka Lakes (no
date a) NASA. Available at:
https://eol.jsc.nasa.gov/Collections/EarthObs
ervatory/articles/TwoDecadesofChangeatTos
hkal.akes.htm (Accessed: 18 July 2023).

[12] Hereher, M. E. (2014). Environmental

monitoring and change assessment of Toshka

lakes in southern Egypt using remote
sensing. Environmental Earth Sciences,
73(7), 3623-3632.

https://doi.org/10.1007/s12665-014-3651-5

[13] “Large- scale PV Plant Design Overview.”
Step- by- Step Design of Large- Scale
Photovoltaic Power Plants, 2022, pp. 101—
118,
https://doi.org/10.1002/9781119736592.ché6.

[14] Morcilla, R. V., & Enano, N. H. (2023,
September). Sizing of community centralized
battery energy storage system and aggregated
residential solar PV system as virtual power

plant to support electrical distribution
network reliability improvement. Renewable
Energy Focus, 46, 27-38.

https://doi.org/10.1016/j.ref.2023.05.007

[15] Toksoy, A.K. and Giiden, M. (2005a) ‘The
strengthening effect of polystyrene foam
filling in aluminum thin-walled cylindrical
tubes’, Thin-Walled Structures, 43(2), pp.
333-350. doi:10.1016/j.tws.2004.07.007.

[16] Claus, R. and Lépez, M. (2022) ‘Key issues in
the design of floating photovoltaic structures
for the Marine Environment’, Renewable and
Sustainable Energy Reviews, 164, p. 112502.
doi:10.1016/j.rser.2022.112502.

[17] Silalahi, D. F., & Blakers, A. (2023, July 27).
Global Atlas of Marine Floating Solar PV
Potential. Solar, 3(3), 416433,
https://doi.org/10.3390/s0lar3030023.

E-ISSN: 2692-5079

159

Hanaa M. Farghally, Emad A. Sweelem

[18] Tim Umoette, A. (2016). Design of Stand
Alone Floating PV System for Ibeno Health
Centre. Science Journal of Energy
Engineering, 4(6), 56.
https://doi.org/10.11648/j.sjee.20160406.12.

[19] Taye, B. Z., Nebey, A. H., & Workineh, T. G.
(2020, January 1). Design of floating solar
PV system for typical household on Debre
Mariam Island. Cogent Engineering, 7(1),
1829275.
https://doi.org/10.1080/23311916.2020.1829
275.

[20] Lamichhane, G., Acharya, A., Marahatha, R.,
Modi, B., Paudel, R., Adhikari, A., Raut, B.
K., Aryal, S., & Parajuli, N. (2022, May 26).

Microplastics in  environment:  global
concern, challenges, and controlling
measures. PubMed  Central (PMC).

https://doi.org/10.1007/s13762-022-04261-1

[21] H., A. Refaai, M. R., Dhanesh, L., Ganthia, B.
P., Mohanty, M., Subbiah, R., & Anbese, E.
M. (2022, May 20). Design and
Implementation of a Floating PV Model to
Analyse the Power Generation. Design and
Implementation of a Floating PV Model to
Analyse the Power Generation.
https://doi.org/10.1155/2022/3891881

[22] M. Putscheck Experiences of marine floating
PV projects Intersolar Conf., Munich (2018)
23] Claus, Rubén, and Mario Loépez. “A
Methodology to Assess the Dynamic
Response and the Structural Performance of
Floating Photovoltaic Systems.”  Solar
Energy, vol. 262, Elsevier BV, Sept. 2023, p.

111826. Crossref,
https://doi.org/10.1016/j.solener.2023.11182
6.

[24] Sharma, Gulshan. “Frequency Oscillation

Suppression of Interlinked Solar PV-Thermal
Power System Using HVDC Link.”
Advances in Science, Technology and
Engineering Systems Journal, vol. 7, no. 5,
ASTES Journal, Oct. 2022, pp. 73-78.
Crossref, https://doi.org/10.25046/aj070510.

[25] Lee, Y. G., Joo, H. J., & Yoon, S. J. (2014,
October). Design and installation of floating
type photovoltaic energy generation system

Volume 5, 2023


https://doi.org/10.3390/solar3030023
https://doi.org/10.11648/j.sjee.20160406.12
https://doi.org/10.1080/23311916.2020.1829275
https://doi.org/10.1080/23311916.2020.1829275

Engineering World

DOI:10.37394/232025.2023.5.17 Hanaa M. Farghally, Emad A. Sweelem

using FRP members. Solar Energy, 108, 13— Review of the Degradation of Photovoltaic
27. Modules for Life Expectancy. MDPIL.
https://doi.org/10.1016/j.solener.2014.06.033 https://doi.org/10.3390/en14144278

[26] Choi, Y. K., & Lee, Y. G. (2014, November).
A study on development of rotary structure [34] Chen, M., He, Y., Zhu, J., Shuai, Y., Jiang, B.,
for tracking-type floating photovoltaic & Huang, Y. (2015, May). An experimental
system. International Journal of Precision investigation on  sunlight  absorption
Engineering and Manufacturing, 15(11), characteristics of silver nanofluids. Solar
2453-2460. https://doi.org/10.1007/s12541- Energy, 115, 85-94.
014-0613-5. https://doi.org/10.1016/j.solener.2015.01.031

[27] Dolores Esteban, M., Lopez-Gutiérrez, J. S., [35]. Ranjbaran, P., Yousefi, H., Gharehpetian, G.,
Negro, V., Matutano, C., Garcia-Flores, F. & Astaraei, F. R. (2019, August). A review
M., & Millan, M. N. (2015, April 22). on floating photovoltaic (FPV) power
Offshore Wind Foundation Design: Some generation units. Renewable and Sustainable
Key Issues. Journal of Energy Resources Energy Reviews, 110, 332-347.
Technology, 137(5). https://doi.org/10.1016/j.rser.2019.05.015.

https://doi.org/10.1115/1.4030316
[36] Prabaharan, N., & Palanisamy, K. (2016,

[28] Xu, S., Wang, S., & Guedes Soares, C. (2019, November). Analysis and integration of
September). Review of mooring design for multilevel inverter configuration with boost
floating wave energy converters. Renewable converters in a photovoltaic system. Energy
and Sustainable Energy Reviews, 111, 595— Conversion and Management, 128, 327-342.
621. https://doi.org/10.1016/j.enconman.2016.09.
https://doi.org/10.1016/j.rser.2019.05.027 088.

[29] Rappaport, P. (1959, December). The
photovoltaic effect and its utilization. Solar [37] Floating pontoon keeps water flow. (2019,
Energy, 3(4), 8-18. May). World Pumps, 2019(5), 18-20.
https://doi.org/10.1016/0038- https://doi.org/10.1016/s0262-
092x(59)90002-7 1762(19)30295-0,

[30] Parida, B., Iniyan, S., & Goic, R. (2011, [38] Drif, M., Pérez, P., Aguilera, J., & Aguilar, J.
April). A review of solar photovoltaic (2008, September). A new estimation method
technologies. Renewable and Sustainable of irradiance on a partially shaded PV
Energy ~ Reviews,  15(3), 1625-1636. generator in grid-connected photovoltaic
https://doi.org/10.1016/j.rser.2010.11.032 systems. Renewable Energy, 33(9), 2048

2056.

[31] Ghosh, Arpita. “A Comprehensive Review of https://doi.org/10.1016/j.renene.2007.12.010
Water Based PV: Flotavoltaics, Under
Water, Offshore and Canal Top.” Ocean [39]. Hafez, A., Yousef, A., & Harag, N. (2018,
Engineering, vol. 115044, Elsevier BV, 1 August). Solar tracking systems:
Aug. 2023, Technologies and trackers drive types — A
https://doi.org/10.1016/j.oceaneng.2023.1150 review. Renewable and Sustainable Energy
44. Reviews, 91, 754-782.

https://doi.org/10.1016/j.rser.2018.03.094
[32] Goswami, A., & Sadhu, P. K. (2021, June).

Degradation analysis and the impacts on [40]. Trapani, K., & Redon Santafé, M. (2014,
feasibility  study of floating  solar January 23). A review of floating
photovoltaic systems. Sustainable Energy, photovoltaic installations: ~ 2007-2013.
Grids and  Networks, 26,  100425. Progress in Photovoltaics: Research and
https://doi.org/10.1016/j.segan.2020.100425 Applications, 23(4), 524-532.

https://doi.org/10.1002/pip.2466
[33] Kim, J., Rabelo, M., Padi, S. P., Yousuf, H.,
Cho, E. C., & Yi, J. (2021, July 15). A

E-ISSN: 2692-5079 160 Volume 5, 2023


https://doi.org/10.1007/s12541-014-0613-5
https://doi.org/10.1007/s12541-014-0613-5
https://doi.org/10.1016/j.rser.2010.11.032
https://doi.org/10.1016/j.segan.2020.100425
https://doi.org/10.1016/j.enconman.2016.09.088
https://doi.org/10.1016/j.enconman.2016.09.088
https://doi.org/10.1002/pip.2466

Engineering World
DOI:10.37394/232025.2023.5.17

[41].

Key issues in the design of floating
photovoltaic  structures for the marine
environment. (2022, May 17). Key Issues in
the Design of Floating Photovoltaic
Structures for the Marine Environment -
ScienceDirect.
https://doi.org/10.1016/j.rser.2022.112502

[42]. Solar PV Energy: From Material to Use, and

the Most Commonly Used Techniques to
Maximize the Power Output of PV Systems:
A Focus on Solar Trackers and Floating
Solar Panels - ScienceDirect.
https://doi.org/10.1016/j.egyr.2022.09.054

solar surface simulations: Topics by
WorldWideScience.org. (n.d.). Solar Surface
Simulations: Topics by
WorldWideScience.org.
https://worldwidescience.org/topicpages/s/sol
ar+surface+simulations.html

[44] Sato, D., & Yamada, N. (2019, April). Review

of photovoltaic module cooling methods and
performance evaluation of the radiative
cooling method. Renewable and Sustainable
Energy Reviews, 104, 151-166.
https://doi.org/10.1016/j.rser.2018.12.051

[45] Cooling techniques of the PV module: A

review. (2020, August 13). Cooling
Techniques of the PV Module: A Review -
ScienceDirect.
https://doi.org/10.1016/j.matpr.2020.07.130

[46] Olorunfemi, B. O., Ogbolumani, O. A., &

Nwulu, N. (2022, September 1). Solar Panels
Dirt  Monitoring and Cleaning for
Performance Improvement: A Systematic
Review on Smart Systems. Sustainability,
14(17), 10920.
https://doi.org/10.3390/su141710920

[47] Tayel, S. A., Abu El-Maaty, A. E., Mostafa, E.

M., & Elsaadawi, Y. F. (2022, December 8).
Enhance the performance of photovoltaic
solar panels by a self-cleaning and
hydrophobic nanocoating. Scientific Reports,
12(1).  https://doi.org/10.1038/s41598-022-
25667-4

[48] Review of degradation and failure phenomena

in photovoltaic modules. (2022, February 3).
Review of Degradation and Failure

E-ISSN: 2692-5079

161

Hanaa M. Farghally, Emad A. Sweelem

Phenomena in Photovoltaic Modules -
ScienceDirect.
https://doi.org/10.1016/j.rser.2022.112160

[49]. Odeh, Saad, and Masud Behnia. “Improving

Photovoltaic Module Efficiency Using Water
Cooling.” Heat Transfer Engineering, vol.
30, no. 6, Informa UK Limited, May 2009,
pp- 499-505. Crossref,
https://doi.org/10.1080/01457630802529214.

[50] Rahman, Tuhibur, et al. “Investigation of

Degradation of Solar Photovoltaics: A
Review of Aging Factors, Impacts, and
Future Directions Toward Sustainable
Energy Management.” Energies, vol. 16, no.
9, MDPI AG, Apr. 2023, p. 3706. Crossref,
https://doi.org/10.3390/en16093706.

[51] Chakraborty, M. R., Dawn, S., Saha, P. K.,

[52]“Compressed  Air

Basu, J. B., & Ustun, T. S. (2022, September
10). A Comparative Review on Energy
Storage Systems and Their Application in
Deregulated Systems. Batteries, 8(9), 124.
https://doi.org/10.3390/batteries8090124

and Hydrogen Energy
Storage Hybridized With Solar Energy to
Supply Electricity and Hot Water for a
Residential Settlement.” Compressed Air and
Hydrogen Energy Storage Hybridized With
Solar Energy to Supply Electricity and Hot
Water for a Residential Settlement -
ScienceDirect, 24 June 2023,
https://doi.org/10.1016/j.esd.2023.101263.

[53] Mrozik, W., Rajaeifar, M. A., Heidrich, O., &

[54]

Christensen, P. (2021). Environmental
impacts, pollution sources and pathways of
spent lithium-ion batteries. Energy and
Environmental Science, 14(12), 6099-6121.
https://doi.org/10.1039/d1ee00691f

“Compressed Air Energy Storage - an
Overview |  ScienceDirect  Topics.”
Compressed Air Energy Storage - an
Overview | ScienceDirect ~ Topics,

https://doi.org/10.1016/B978-0-12-812902-
9.00003-1.

[55] Mansur, A. (2021, January 29). ANALISA

KINERJA PLTS ON GRID 50 KWP
AKIBAT EFEK BAYANGAN
MENGGUNAKAN SOFTWARE PVSYST.

Volume 5, 2023


https://worldwidescience.org/topicpages/s/solar+surface+simulations.html
https://worldwidescience.org/topicpages/s/solar+surface+simulations.html
https://doi.org/10.3390/su141710920
https://doi.org/10.3390/batteries8090124

Engineering World
DOI:10.37394/232025.2023.5.17

Transmisi, 23(1), 28-33.
https://doi.org/10.14710/transmisi.23.1.28-33

[56].https://www.researchgate.net/publication/2451
60154 A software application for energy
flow_simulation_of a grid connected phot
ovoltaic_system

[57] Hammoumi, A. E., Chtita, S., Motahhir, S., &
Ghzizal, A. E. (2022). Solar PV energy:
From material to wuse, and the most
commonly used techniques to maximize the
power output of PV systems: A focus on

E-ISSN: 2692-5079

162

Hanaa M. Farghally, Emad A. Sweelem

solar trackers and floating solar panels.
Energy Reports, 8, 11992-12010.
https://doi.org/10.1016/j.egyr.2022.09.054

[58] Chidambarampadmavathy, K., Karthikeyan,

O. P, & Heimann, K. (2017, May).
Sustainable bio-plastic production through
landfill methane recycling. Renewable and
Sustainable Energy Reviews, 71, 555-562.
https://doi.org/10.1016/j.rser.2016.12.083

Contribution of Individual Authors to the
Creation of a Scientific Article (Ghostwriting
Policy)

The authors equally contributed in the present
research, at all stages from the formulation of the
problem to the final findings and solution.

Sources of Funding for Research Presented in a
Scientific Article or Scientific Article Itself
No funding was received for conducting this study.

Conflict of Interest
The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Creative Commons Afttribution License 4.0

(Attribution 4.0 International, CC BY 4.0)

This article is published under the terms of the

Creative Commons Attribution License 4.0

https://creativecommons.org/licenses/by/4.0/deed.en
us

Volume 5, 2023


https://doi.org/10.14710/transmisi.23.1.28-33



