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ARTICLE INFO ABSTRACT

Article history: This detailed review underscores the significant potential of floating photovoltaic
Received (FPV) systems in fostering a sustainable energy future. It evaluates the efficiencies,
Received in revised form applications, and environmental impacts of different FPV technologies, illustrating
Accepted

that FPVs are a feasible solution to the global energy crisis. The review particularly

Available online highlights hybrid floating photovoltaic (HFPV) systems, which excel in maximizing

Keywords: energy production while minimizing ecological impacts. It advocates for the adoption
Renewable energy; monofacial; bifacial; ~ and continuous improvement of FPV technologies, emphasizing that FPVs provide a
floating photovoltaic; on ground way to meet rising global energy demands and align with the imperative for
photovoltaic environmentally sustainable energy solutions.

1. Introduction

Global resources are being rapidly depleted due to population growth and development
activities [1]. This is primarily because global energy demand is surging, driven by population
expansion and industrialization [2]. Additionally, the ecosystem has suffered significant damage due
to emissions from the combustion of fossil fuels, which are a prevalent source of the world's energy
[3]. Fossil fuels are also projected to be depleted by 2030 [4]. Historically, the world has exploited
resources to generate energy, creating a habitable environment for humans. However, non-RE
sources are not only exhaustible but also contribute to climate change and ecological damage [5].
Thus, relying on non-RE to meet global demand is unsustainable.

Selecting eco-friendly, RE sources is crucial for a sustainable future, particularly to reduce
greenhouse gas (GHG) emissions and protect the environment [6]. Key sources include solar [7],
wind [8], hydropower [9], geothermal [10], and biomass energy [11]. Among these, solar energy
stands out as a prime candidate for global investment [12]. According to the International
Renewable Energy Agency (IRENA) in 2023, solar energy accounted for 30% of all renewable energy
installations in 2022, as illustrated in Figure 1. In the same year, solar energy reached the second-
highest installed capacity among renewable technologies, totalling 1061 GW, just behind
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hydropower at 1392 GW [13]. Figure 2 displays the global installed capacity of solar energy over the
past decade, showing a clear upward trend and indicating consistent growth year over year [13].
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There are various factors that contribute to the adoption of solar energy as the preferred choice.
Solar energy is the most abundant renewable source, with continuous emission from the sun,
making it a sustainable and inexhaustible option [14]. It also has minimal ecological impact,
maintaining natural balance [15]. Moreover, solar systems are cost-effective for both industrial and
residential applications. Due to these advantages, solar technology has become a major focus of
investment, aiming to replenish depleted energy sources and reduce the greenhouse effect caused
by fossil fuels. As shown in Figure 3, solar energy has the highest increment compared to other RE
sources [16].

PV systems are a notable example of this technology. The Renewables 2022 Global Status
Report by REN21 confirms that PV had the highest growth rate in 2021 among RE sources. As

depicted in Figure 4, there is a continuous and consistent growth pattern observed in PV over the
past decade [13].
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Fig. 3. The growth of RE Fig. 4. Global PV capacity through the year from 2013
to 2022

As for Figure 5 [17], it presents a global overview of PV power potential which shows varying
intensity of solar resources. According to the data, daily total PVOUT ranges from as low as 2.0
kWh/kWp in regions with minimal sunlight to more than 6.4 kWh/kWp in the most irradiated areas.

On a continental scale, Africa stands out, with the Sahara Desert displaying potential annual
totals exceeding 2200 kWh/kWp, underscoring the immense solar energy resources available to
African nations. In contrast, Europe shows a wide range, with Southern Europe, particularly the
Iberian Peninsula, boasting annual potentials up to 1700 kWh/kWp, while Northern European
regions like Scandinavia receive less than 900 kWh/kWp.
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The geographic distribution of photovoltaic potential is critical for developing global and
regional strategies for solar energy utilization. For instance, countries with high annual photovoltaic
power potential values could not only fulfil their own energy requirements but also potentially
export solar energy, either through power transmission or manufacturing energy-intensive
products.

This paper aims to demonstrate that PV systems are an excellent example of renewable energy
capable of meeting global demand. However, traditional PV systems face significant challenges due
to extensive land requirements, which has led to the introduction of FPV systems. Hence, this paper
examines the efficiencies, applications, and environmental impacts of various FPV technologies,
demonstrating that FPVs represent a viable solution to the global energy crisis. In addition, to
maximize the energy production and ensure consistence efficiency of FPV system, the
implementation of HFPV systems has been suggested.
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Fig. 5. Global photovoltaic power potential
1.1 PV Systems

PV technology converts solar energy into electrical energy through the PV cells [18]. This effect
occurs when photons from light impact a PV cell, transferring energy to the cell's charge carriers
[19]. These carriers, comprised of positively charged holes and negatively charged electrons, are
separated by the cell's internal electric fields. The creation of an electric circuit by connecting a load
to the cell allows for the flow of current. The fundamental mechanism of a PV cell's operation is
illustrated in Figure 6 redrawn and adapted from [20].

A PV system incorporates a PV module, Maximum Power Point Tracking (MPPT) techniques, a
DC-DC converter, and an inverter. The system's efficiency in converting sunlight into electricity
hinges on the integrated functions of these components. The solar panel converts solar irradiation
into electrical power, while the MPPT technology optimizes electricity extraction from the panel
under certain conditions. The DC-DC converter acts as an intermediary between the PV module and
the load. Due to the irregular nature of solar power, these components, along with the inverter,
serve as vital elements of energy storage systems, analogous to batteries [20].
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Fig. 6. Basic operation of PV cell
1.2 Type of PV Cells

PV technology is globally utilized due to its efficient energy conversion and simple design. PV
devices primarily employ semiconductor materials for electricity generation. These materials are
classified into three generations: silicon-based cells (first generation), known for their stability and
non-toxicity [21], produced using the Czochralski process [4]; thin-film cells (second generation),
which include copper indium gallium selenide (CIGS) and Cadmium Telluride (CdTe) [22], offering
benefits like reduced silicon thickness; and organic materials [23] (third generation), comprising
polymers, Dye-Sensitized Solar Cells (DSSC), and nano solar cells, noted for their cost-effectiveness.
The efficiency comparison of these generations is detailed in Table 1 [20].

Table 1
Comparison of efficiency for three generations of solar cells [20]
Parameters 1% generation 2" generation 3™ generation

Mono silicon Poly silicon CIGS CdTe Polymer DSSC  Nano cells

Efficiency 14%—17.5% 12%—14% 10%—12% 9%—11% ~3%—-10% ~10%  7%—8%

Silicon-based cells, favoured in PV due to their superior efficiency and abundant material
availability, are divided into two categories: monocrystalline and polycrystalline solar cells.

i Monocrystalline solar cells: Monocrystalline solar cells, known for their high efficiency
and spatial economy, are made from single-crystal silicon [24] and have been most widely
used in the PV industry [25]. Produced through the Czochralski process, these cells are
grown in a laboratory to form cylindrical ingots. These ingots are then processed into thin
silicon wafers, enhancing their performance [26]. However, the complexity of their
production process renders monocrystalline solar cells more expensive [24].

ii. Polycrystalline solar cells: Polycrystalline solar cells, constructed from multi-crystalline
silicon, exhibit lower efficiency compared to monocrystalline cells due to grain boundary-
induced crystal defects. Despite this, their lower cost contributes to over half of silicon-
based solar cell production [20]. These cells also perform better at higher temperatures,
having a greater temperature de-rating coefficient than monocrystalline cells [24].

iii. Bifacial solar cells: Bifacial photovoltaic panels, incorporating both monocrystalline and
polycrystalline silicon, are gaining traction for their ability to absorb solar irradiance from
both the front and back, thus enhancing energy generation efficiency [27]. Hence, bifacial
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PV modules can produce more 20% energy compared to equivalent monofacial modules
depending on the installation of PV modules [28].

1.3 Efficiency of PV Cell

The efficiency of power transfer from PV cells is influenced by several factors: solar irradiation
intensity [29], cell temperature [30], and shading [31] . Optimal solar irradiation is crucial for
maximum efficiency, as excessive intensity increases cell temperature, inversely affecting efficiency
[32] . According to study that has been carried out by Hamad [33] , it was observed that the
efficiency of the PV module decreases as the module temperature increases, resulting in a 9.62%
reduction compared to the PV operating under standard conditions. Shading, caused by buildings,
trees, or debris like bird droppings, also diminishes panel efficiency. Shading conditions affect the
efficiency of a PV panel due to the series connection of its cells [34]. The non-linear voltage-current
(V-1) characteristics of solar cells depend on these factors. Therefore, identifying the maximum
power point is essential for optimizing power extraction from PV panels [20].

2. Floating Photovoltaic System (FPV)

Traditionally, PV installations are either rooftop or ground-mounted. However, conventional on-
ground photovoltaic (OPV) systems face significant challenges due to their low power density and
extensive land requirements approximately 15,000 m? per 1.0 MW capacity [35]. This substantial
land use competes with other valuable applications like agriculture and commercial development,
posing a considerable challenge for PV system expansion [36].

FPV systems emerge as a superior alternative, offering rapid expansion possibilities without
consuming land resources. Typically, FPV installations are sited on artificial water bodies such as
ponds, reservoirs, and lakes [37] to minimize potential environmental impacts or complications
associated with natural water bodies [38]. Research noted in [39], discusses the environmental
loads on FPV structures in both freshwater and marine environments, highlighting that FPVs in
marine settings must endure greater wind and load pressures than those in freshwater.

Table 2 provides a comprehensive review of literature on FPV systems published over the last
seven years, covering topics from the basic materials used in solar cells to advanced HFPV systems.
These reviews assess the advantages and challenges of FPV and HFPV systems compared to
traditional OPV installations, encapsulating the evolving dialogue in solar energy solutions.

Table 2
Recent 7 years review articles on FPV system
Objectives Subsections Year Ref.
Review the development of marine floating Summarizes the latest progress in research and 2023 [40]
photovoltaic systems. applications of FPVs, including design concepts, hybrid

usage, structural considerations, and challenges.
Discuss the recent research of FPV as well as  Advantages and disadvantages of FPV and potential for 2022 [41]
the benefits and drawbacks of the new hybrid with other technologies.
technology
Provide the benefits and technical potential ~ Comparing the benefits between FPV and HFPV using 2020 [38]
of HFPV especially for hydropower systems.  global datasets and analysing the technical potential of

HFPV.
Pro Provide an overall overview of the Discuss the basic components in FPV system and analysis 2020 [42]
existence of FPV in terms of parts, the of FPV including benefits, drawbacks and

advantages and disadvantages and
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Table 2. Continued
Recent 7 years review articles on FPV system

Objectives Subsections Year Ref.

disadvantages and environmental effect. future scope FPV.

Present the overview of different technologies Compare difference FPV technologies which are high 2020 [43]
FPV by showing advantages and limitations. density polyethylene (HDPE) (Ciel et Terre) and
galvanized steel (Solaris Synergy) using PVsyst.

Review the development of FPV technologiesin  Discuss the FPV components, important design factors 2020 [44]

terms of electrical and mechanical structure. and parameters to compare with OPV.
Review and analysis factors influencing the Overview basic material used for solar cells and 2019 [20]
efficiency of PV systems. various of MPPT techniques in maximize the efficiency

of PV system.
Analysis of different aspects of FPV systems as Comparison of OPV and FPV in terms of module 2019 [45]
power generation systems. efficiency and efficiency gain, allocation of FPV system

and review of electrical aspects.
Compare the various cooling techniques for Basic technique (water and air cooling) and new 2018 [46]
solar panels by analysing the advantages and technique (phase-change materials, heat pipes and
disadvantages of the techniques. nano-fluids).
Discuss the timeline of concepts and FPV Components of FPV system and various FPV 2017 [47]
projects that has been established worldwide installations worldwide.

2.1 Types of Water Environment of FPV
2.1.1 Freshwater

Examples of freshwater are lake, river and natural basins which have calm waters [48] and low
salt concentrations. Freshwater offers numerous benefits compared to marine water for PV
applications, including fewer corrosion issues, diminished impact from waves and wind, and
restricted algae growth [49].

2.1.2 Marine water

The ocean, with its high salt concentrations, serves as a prime example of a marine water
environment. Placing systems in such demanding conditions necessitates a complex design process
tailored for marine applications, ensuring sustained and reliable operation throughout their entire
lifecycle, especially under extreme conditions like saltwater corrosion and biofouling [39]. The
ecological impacts of marine PV systems are influenced by the project design and various
environmental factors, such as geography, water depth, distance from shore, and local hydro and
oceanographic conditions [50]. Key considerations for these systems include resistance to harsh
conditions, reliability, maintainability, overall power performance, modularity, and environmental
impact [51].

2.2 Components of FPV System

The components for the FPV system share the same components with the OPV system such as
PV panels and measuring station to gather all the data for analysis except the FPV system has
additional floating structure and platform to support PV panels on water bodies.
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2.2.1 PV panel

The materials selected for the PV cells in a FPV system correspond to those employed OPV.
Most silicone-based are extensively employed in manufacturing processes within the solar cell
industry. Both types of crystalline silicon wafers are recognized as dominant substrate materials for
the fabrication of solar cells [52].

2.2.2 Supporting structure

Usually, the supporting structures for PV panels are made of steel or aluminium. However, for
FPV especially in marine water, corrosion factor needs to be considered. Hence, the suitable
materials for FPV supporting structure are fibre-reinforced polymer (FRP) which also can withstand
extreme conditions such as wind and waves. These FRP have outstanding characteristics which are
lower density and high corrosion resistance compared to metallic materials which are heavier and
prone to corrosion [39]. However, according to economic feasibility analysis results, FRP is more
expensive compared to aluminium and high durability steel. In [53] study, it also shows that for 500
kW FPV installation, the number of high durability steel structural members is less required
compared to aluminium and FRP which are 38.19 times lower compared to aluminium and 30.27
times lower than FRP. Hence, it was concluded that the most cost-effective material for a 500 kW
FPV power plant is high durability steel. Designated pathways were also built by connecting a series
of these platforms that allowed access for maintenance, operation and cleaning of the solar panels
[38].

2.2.3 Floating system

The floating system is functioning by ensuring the buoyancy and stability of the electricity-
generating system using pontoons [54]. For the floating part, high density polyethylene (HDPE) is
usually used for FPV systems [55]. Besides HDPE is a buoyant material that allows it to float on
water, it is also known for its durability to high temperature and water exposure. Given prolonged
exposure to ultraviolet (UV) radiation, it is crucial to evaluate the impact of UV exposure on the
system [56]. The principal limitation in this context is the influence of natural UV radiation, leading
to the gradual deterioration of plastic materials over time [57]. Polyethylene is usually made from
maintenance-free plastic materials that are resistant to UV light and non-hazardous [58]. In marine
applications, the floats are anticipated to endure higher loads and the impacts of corrosion from
saltwater as well as biofouling [59]. These characteristics are essential for long term performance of
an FPV system.

2.2.4 Anchoring system

In addition, FPV systems also need anchoring systems to prevent drifting and ensure stability
[60] The selection of the anchoring system is primarily determined by the geometry of floating
structure as well as the direction and intensity of the external actions [61]. Recently, synthetic fibre
rope such as polypropylene, nylon and polyester has been used as a mooring line among the FPV
industry [43]. As the purpose of the anchoring system is to minimize the movement of floating
systems, a proper design needs to be built to find the right balance between the mooring line,
neither too tight nor too slack [43].

According to [39], anchoring systems for marine water can be classified into four types which
are catenary, compliant, taut, and rigid moorings. The catenary anchoring system utilizes chains
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that leverage their own weight to offer a spring rate to the anchored float. Compliant anchoring,
categorized as catenary anchoring, employs floats and weights to modify the arrangement of
mooring lines. A taut anchoring system uses buoyancy surplus to maintain tension in the anchoring
lines, restricting vertical motion. This configuration minimizes vertical displacement, a potential
concern for significant water level fluctuations, particularly considering the constrained freeboard
of FPV structures. A rigid anchoring system comprises an anchored rigid structural component that
permits vertical movements while limiting horizontal movements. Although this solution is optimal
for maintaining station-keeping, it is economically viable only in shallow waters.

2.2.5 Electrical parts

Solar panels generate electricity in the form of direct current (DC), which is a continuous flow of
electric charge in a single direction. However, most household appliances and the electricity grid
use alternating current (AC), where the flow of electric charge periodically reverses direction.
Hence, an inverter is used to make the electricity produced by solar panels compatible with the AC-
based systems. An inverter is an electronic device that converts the DC electricity generated by
solar panels into AC electricity.

In addition, a network of cables and electrical elements is necessary to convert and convey
electricity from FPV facilities to the shore [62]. The wiring can be conducted either above the
water's surface or underwater. Next, the transformer plays a crucial role in converting the high-
voltage electricity generated by the PV panel into a usable form. This electricity is then transmitted
through the system and distributed to power various industrial or residential appliances. While
most electrical components are situated above water to minimize risks, it remains essential to
waterproof them. In addition, there is a combiner box in the FPV system which acts as protection
from overcurrent, undercurrent and other electrical hazards [62]. Figure 7 shows the schematic FPV
system redrawn and adapted from [38].

<—Mooring lines —p
<-Anchoring—

2.3 Difference Between FPV And OPV System

Combiner box

Transformer

| AC
Inverter }—»

Fig. 7. The schematic of FPV system [38]

Table 3 outlines the differences between FPV and OPV systems in terms of installation,
components, performance, and cost. The primary distinction between these two types of PV
systems lies in their installation locations. Given the scarcity of land resources, installing PV systems
on water bodies is beneficial, offering advantages such as water conservation and a cooling effect
that enhances efficiency [63]. For structural support, FPV systems are mounted on floating
platforms made of materials such as plastic and stainless steel or galvanized steel, in contrast to the
stationary racks used in land-based systems [38]. In terms of cost, FPV systems tend to be slightly
more expensive than OPV systems due to the need for additional components like the floating
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structure. Despite the higher initial cost, FPV systems are financially advantageous in the long run
due to their increased efficiency and contribution to water conservation.

Table 3

Summarize difference between FPV and OPV system

Classification

Floating photovoltaic

On ground photovoltaic

Installations and
location

Platform and fixed
structures
Environmental
considerations

Cooling type
Efficiency

Land use
Stability and
durability
Costing

Installed on bodies of water. Does not compete
with other activities. Easy to find sites.

Mounted on floating platforms constructed
with polyethylene and stainless steel [38].
Benefits for water conservation by reducing
water evaporation and reducing algae growth.
Might be affect aquatic life [62].

Cooling effect of water.

Less shade from surroundings will increase the
penetration of sunlight to photovoltaic panels

Frees up land for other purposes

Face of changing water conditions and weather
events

Slightly expensive due to additional parts such
as mooring and anchoring. However, still

Installed on land. Compete with other
activities such as agriculture, industry and
residence.

Fixed structure.

Smaller environmental footprint but land use
considerations.

Natural air cooling.

Shading from buildings, mountain and tree
will decrease the penetration of sunlight to
photovoltaic panel.

Requires land.

Withstand wind, weather and seismic
condition.

The cost is less expensive than floating
photovoltaic.

financially superior due to water conservation
and increasing efficiency over its lifespan.

2.4 Efficiency Influences Floating Photovoltaic System

As the factors influencing the efficiency of PV cells have been discussed, there are some
difference factors that can affect the efficiency between FPV and OPV. Firstly, the cooling effect
factor [64]. FPV systems can benefit from the presence of water which will reduce the temperature
of solar cells to improve its performance. Meanwhile, OPV systems can rely on natural air cooling
which may not be as effective as water cooling in FPV systems. According to the studies, there is an
average 10% energy increment in FPV compared to OPV due to the water-cooling effect that
increases PV efficiency [65].

Second, the selection of PV materials also impacts the efficiency of FPV systems. High-efficiency
solar cells, low-emissivity coatings, and transparent materials can significantly increase power
generation by maximizing solar absorption [62]. Additionally, employing an advanced monitoring
and control system enhances FPV efficiency, as it allows for regular tracking of energy production
and system performance to optimize functionality [62].

Table 4 summarizes journal articles from the past six years that focus on the experimental
aspects of FPV systems. These articles cover a broad spectrum of topics, from investigations into
the cooling effect and performance enhancements to comparisons between FPV and OPV systems.
Various solar cell types, including monocrystalline, polycrystalline, and bifacial, have been studied
for their efficiency and electricity generation capabilities. However, research on FPV systems in
marine water remains relatively sparse.
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Table 4
Recent years journal article on FPV system in experimental parts
Configurations analysis Type of solar Location of Results Research gap Year  Ref.
cells FPV

Testing and analysing Monocrystalline ~ Water basin FPV systems can help Design a measurement 2022 [35]
electrical performance and in reduction of water station equipped with
and thermal polycrystalline evaporation. online data transmission
performance on the Efficiency of FPV is to a database and
FPV and OPV systems higher compared to waterproof sensors to
with different tilt OPV due to the water-  perform year-round
angles, along with the cooling effect. experimentation.
study of water The FPV system
evaporation. produces the most

energy during optimal

tilt angle.
Design, manufacturing Polycrystalline Lake System components, Testing should be 2022 [66]
and installation of the wave height conduct under marine
first FPV systems in calculation and wind water.
Turkey. climate of the site can

be used to design new

systems in other parts

of Turkey.
Comparing and Polycrystalline Water basin FPVS generates up to Implementation of a 2021 [67]
analysing the electrical 2.33% more daily fully automated
and thermal energy than the OPVS measurement.
performances of FPV and highest energy at Perform detail financial
and OPV systems with optimal tilt angle. analysis and the impact
similar nominal of FPV structures on
capacities. water conservation over

the course of a year
under real environment.

Measuring the cooling Monocrystalline, Lake and The increase in energy  For a fair comparison, 2021 [68]
impact and making polycrystalline, reservoir output due to the panels need to be
comparisons across bifacial cooling effect of FPV subjected to the same
various climate systems compared to conditions.
conditions in the reference PV systems
Netherlands and is around 3% in the
Singapore. Netherlands and up to

6% in Singapore.
Comparing the Polycrystalline Water basin By increasing the Use an instrument that 2021 [69]
performance of the submerged length to is fully automated to
partially submerged 10 cm, PSPV generates  avoid any uncertainty in
photovoltaic (PSPV) more daily electricity data and testing for a
system with different compare to OPVupto  vyear.
submerged lengths to 18.2%.
that of the OPV
systems.
Comparing two types of  Monofacial and Lake Bifacial can produce Compare with OPV 2020 [70]
FPV (monofacial and bifacial energy up to 6.75 % under marine water.
bifacial) compare to monofacial
Compare the output Polycrystalline Pier Power generated by Conduct the testing over 2020 [71]
power between FPV FPV is higher than OPV  a long time period.
and OPV with 51.6 W and 42.9

W respectively.
Investigate the Monofacial and Reservoir Water surface does The various risks needto 2018 [72]

practicality of deploying
large scale FPV systems
on inland water surface
compare to reference
system on rooftop

bifacial

offer some benefits to
increase efficiency of
PV panels such as
better wind ventilation
and cooler ambient

be managed effectively
to ensure reliable
operation and long
lifetime.
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temperature.

2.5 Advantages of FPV

FPV systems are increasingly favoured over OPV systems due to their multiple advantages
concerning both performance and environmental impact. A primary benefit of FPVs is that they do
not require land for installation, as they are mounted on water bodies like reservoirs, ponds, or
lakes [73]. This aspect significantly reduces installation costs by eliminating the need to purchase or
lease land [51]. Furthermore, utilizing water surfaces for FPV installations frees up land for other
uses such as agriculture or urban development, which is particularly advantageous in regions where
land resources are scarce [72]. In essence, FPV systems offer a sustainable alternative by leveraging
water bodies under abundant sunlight, thus conserving valuable land resources [48].

As previously mentioned, FPV systems offer benefits in improving efficiency through water
cooling, which enhances PV performance [74]. Water cooling is advantageous as it reduces
radiation reflection and maintains a lower temperature for FPV panels, enhancing their operational
efficiency [64]. A study by Tina et al., [75] revealed that FPV systems yield 10% higher energy than
OPV systems. Further research, such as the analysis conducted at Kaylana Lake [76], found that
annual energy generation from FPVs increased by 2.48%, while the module temperature decreased
by 14.56%. Therefore, FPVs demonstrate higher efficiency compared to OPVs, largely due to the
natural cooling effects of water [75, 77]. This cooling mechanism not only lowers temperatures but
also helps stabilize PV performance, leading to consistent and reliable energy output [62].

Next, FPV can eliminate the solar panel shading from its surroundings [75]. It is because its
installation on water bodies which is an open area compares to OPV where it is usually installed on
the ground or rooftop. There will be some obstacles for photovoltaic panels to absorb the sunlight
such as buildings and this will affect the efficiency of photovoltaic panels [78]. Hence, the FPV can
increase their efficiency by reducing the shading factor.

In terms of environmental benefits, FPV can help in reduction of water evaporation by creating
a shading effect on the water surface beneath panel [64, 74, 75]. This shading decreases the direct
exposure of the water to sunlight and lowering the temperature along with the rate of evaporation.
Hamza Nisar has conducted a small-scale FPV test bench under three different situation pond
simulators which are fully exposed, partially covered, and fully covered. According to this study, FPV
systems reduce water evaporation by approximately 17% when partially covered and
approximately 28% when fully covered [35]. The FPV system at the Kaylana Lake in Jodhpur also
estimated that annually, 191.174 million litres of water will be saved from evaporation [76].

As the sunlight penetration to the water has decreased, the growth of algae also has decreased.
Hence, the water quality also can improve with reduction of algae growth [79]. As the quality of the
water improves, the cost of purification to meet drinking water standards will reduce [80]. However,
it is still uncertain whether aquatic life also will be affected with reduction in sunlight penetrating.

2.6 Disadvantages of FPV

While FPV systems offer significant advantages, they also present distinct disadvantages and
limitations. One such disadvantage is the potential negative impact on aquatic life; FPV systems can
obstruct sunlight penetration into water bodies, potentially affecting the growth of aquatic
organisms. As noted by Pimentel et al, [81] the anchoring and mooring systems of FPVs can
temporarily harm benthonic communities and alter the lakebed's geomorphology by increasing
suspended sediments.
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Moreover, FPV systems face challenges with wind exposure. Winds over open water bodies, like
seas, tend to be stronger due to the lack of natural barriers such as buildings or trees. Consequently,
FPVs require robust mooring systems to withstand heavy gusts, often necessitating numerous
mooring points to maintain stability [67].

Financially, installing an FPV system is approximately 15% more expensive than an OPV system
due to the additional components required, such as floating structures and mooring systems [82,
83]. These structures must be corrosion-resistant and strong enough to support the weight of PV
panels. Maintenance costs are also higher as servicing systems on water is more challenging.
Despite these higher initial and maintenance costs, as highlighted by a study conducted at Kaylana
Lake in India [76], the FPV systems offer long-term financial benefits through water conservation
and enhanced efficiency, outweighing their higher capital investment.

Additionally, FPV systems can be impacted by environmental factors such as dust accumulation
and bird droppings, which can obstruct the PV panels and reduce their efficiency [59]. According to
previous study [84], the efficiency of a PV panel significantly decreases when dust accumulation
covers up to 50% of the panel. While water can wash away some contaminants, consistent
maintenance is essential to manage the accumulation and ensure optimal energy production, as
emphasized by the Solar Energy Research Institute of Singapore (SERIS) during their evaluation of
the world's largest floating solar testbed [85].

3. Hybrid Photovoltaic System

As has been discussed before, the efficiency of a PV cell can be influenced by a few factors, such
as the amount of solar irradiation falling on the panels, temperature, and shading. Besides, FPV
systems can increase their efficiency by being combined with other existing renewable energy
sources to form a HFPV system [86]. The solar PV system itself already has advantages over solar
energy, as it is the most abundant source of renewable energy among others. However, solar
power has its own weakness, which is that this source is not continuously available for conversion
into electricity. This is also known as an intermittent energy source. Usually, solar energy is
intermittent during the night or bad weather as the Sun emits less energy compared to the daytime
and good weather when the Earth is exposed to direct sunlight.

Therefore, to ensure the constant efficiency of the FPV system, the hybrid system has been
suggested [87]. According to Lee et al., [38] hybrid systems can predict the net economic benefits
from the combination of multiple generation technologies compared to the cost and/or value
associated with comparable independent, stand-alone technologies. HFPV systems integrate solar
PV technology with various other renewable energy sources such as wind [88], hydropower [89],
biogas [90] and geothermal [91]. This hybrid PV system can help alleviate challenges related to the
intermittent and uncertain nature of solar irradiance [92]. Solar irradiance varies across different
hours of the day, months of the year, and locations on Earth.

Besides resolving the problem of solar energy intermittency, these HFPV systems have also
offered additional benefits in terms of cost, performance, and efficiency compared to stand-alone
FPV systems [38].

3.1 Optimizing Efficiency

Enhancing system operation at various time scales is essential for optimizing efficiency. As the
solar energy is an intermittent energy, the variability and unpredictability of solar PV generation
stem from factors such as changing weather conditions. Meanwhile, hydropower systems, given
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ample resources, possess the capability for precise generation control and can effectively
compensate for shortfalls and balancing intermittent solar photovoltaic generation [93].

At the seasonal or monthly scale, the availability of solar and hydropower resources, however,
tends to be asynchronous, posing challenges for coordinated energy generation and distribution.
During dry seasons, higher quality solar resources are typically prevalent, whereas the rainy season
may bring about the availability of solar resources with lower quality. In contrast with hydropower
systems, the high quality of hydropower energy is highest during the rainy season compared to the
dry season. Operationally, this means the hybrid system is designed to export power from the PV
system when the sun is shining, simultaneously allowing the reservoir to either recharge or store
resources for periods when solar energy is not available [38]. Hence, water resources and solar
energy can compensate for each other when used in tandem as a hybrid [94].

According to study by [95], the potential worldwide capacity for combining FPV systems with
hydropower installations is projected to be between 4,400 to 5,700 GW (equivalent to 6,270 to
8,039 TWh per year of generation). This estimation applies to the installation of FPV systems on
reservoirs designated for hydropower and reservoirs with multiple purposes. From Figure 8, it
shows that the total for dispatchable energy from the hybrid systems is higher than the total for
dispatchable energy from stand-alone systems as it is equal to the total energy generation of the
two systems [38]. The projected capacities show an upward trend with an increase in the
percentage of the reservoir area covered by FPV systems.

Energy

Hydropower Solar Stand-alone systems Hybrid systems

Energy generation potential Dispatchable energy
Fig. 8. Energy generation potential and total dispatchable energy for stand-
alone systems and hybrid systems redrawn and adapted from [38]

3.2 Reducing the Curtailment of Solar PV

Reducing the curtailment of solar PV means minimizing or reducing the amount of unused or
wasted solar energy generated by a PV system. This happens when the generated solar power
exceeds demand needed or when grid constraints prevent the integration of the produced
electricity. The aim of reducing the curtailment of solar PV is to maximize the utilization of solar
energy during peak production periods to ensure the higher percentage of the generated power
contributes to the overall energy supply. So, the curtailment of solar PV can be reduced by utilizing
solar energy during its peak production hours, thereby preserving hydropower resources for
deployment during periods when solar resources are not accessible.

3.3 Reduce Electric Grid Connection Cost
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By combining solar PV with other renewable energy such as hydropower, the cost for electric
grid connection can be reduced [96]. For example, FPV needs transmission structure to generate
electricity. By combining an FPV system with hydropower, it allows for an FPV system to connect
with existing transmission structure (transmission lines, transformer and others) [97] and reduce
any additional costs [98]. According to the cost evaluation, it has been determined that the
additional 35% expenses related to the floating platform in the FPV system will be compensated by
the existing grid infrastructure of the HFPV system when compared to both standalone FPV systems
and OPV systems [99]. This can be advantageous for both parties since hydropower, solar resources,
and appropriate FPV water bodies might not be situated in proximity to load centres or existing
transmission systems. Moreover, in the future, expanding FPV capacity within a system is often
more feasible and cost-effective through the upgrade of existing infrastructure than creating new
interconnections.

3.4 Resource Conservation

Implementing FPV systems on hydropower reservoirs can significantly reduce water
evaporation, thereby enhancing the available resources for hydropower generation. The FPV
systems shade the water, limiting the amount of sunlight that reaches the reservoir surface, which
reduces the solar radiation absorbed by the water which is one of the primary drivers of
evaporation [100].

Additionally, the physical presence of FPV panels acts as a barrier, reducing air flow over the
water and minimizing wind-driven evaporation. Together, the shading and decreased air movement
substantially lower the overall rate of evaporation from the reservoir. Based on study by [95], they
estimate that integrating FPV systems with hydropower globally could reduce water evaporation by
approximately 74 billion cubic meters, increasing water availability by about 6.3%. This integration
is also projected to generate an additional 142.5 TWh of electricity from FPV systems installed on
these reservoirs.

Lee et al., [38] proposes three hybridization models with varying costs and performance
benefits: co-location hybrid, virtual hybrid, and full hybrid systems. Each of these systems offers
distinct approaches to integrating FPV with hydropower technologies.

i Co-location hybrid systems: These systems integrate two or more technologies, each
optimized individually to achieve operational efficiencies. The primary goal of this
integration is to realize cost savings.

ii. Virtual hybrid systems: For these systems, two or more technologies are cited separately
but the operations are optimized cooperatively to improve the performance.

iii. Full hybrid systems: These systems employ co-optimized planning and operation to
enhance both cost efficiency and performance. Typically, these systems consist of a
dispatchable technology paired with one or more variable renewable energy sources.
Such combinations are designed to optimize benefits in terms of cost savings and
improved performance metrics.

Table 5 lists journal articles from the past four years that focus on HFPV systems. It details the
methodologies used to analyse these systems, which include both computer-based simulations and
experimental techniques. Most commonly, FPV systems are integrated with hydroelectric power,
leveraging the plentiful resources available from this type of energy. The articles encompass a
variety of research objectives, from evaluating the capacity of hybrid systems to investigating their
broader impacts.
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Table 5

Recent 4 years journal article of HFPV system

Hybridization Objective Method Location Year Ref.
Hydropower Analysed the 47.5 MW grid-  Detail of electrical analysis Da Mi 2023  [101]
reservoir connected PV plant located including DC to DC converters, hydropower

on the floatation system at AC inverters to the transmission  reservoir

Da Mi hydropower reservoir  network, and PV module

in Binh Thuan province. connectivity configurations.
Hydroelectric Examine the 100.74 kW FPV  Starting with a visual Santa Clara 2023  [102]
power plants mounted on the reservoir of examination of the mechanical hydroelectric

the 120 MW Santa Clara condition of the floating power plant,

hydroelectric power plant modules, followed by a Brazil

on impact of atmospheric thorough investigation of the

weather conditions. anchoring system and

computer simulations.

Wind Determine the potential to Design Horizontal Axis Wind Wadi Al Mujib 2022 [103]

use dam space to build Turbines (HAWTS) fitted on the  dam, Jordan

HFPV wind systems in the top of dam and analysis using

MENA region. PVSYST simulator.
Wind Determine the possibility of  Combine the FPV solar farm Borssele 2021  [83]

combining an offshore with wind farm by adding cable  Offshore Wind

floating solar farm into an pooling to increase the Farm

established Dutch offshore efficiency.

wind farm located in the

North Sea.
Hydroelectric Assess the potential impact By using the Helioscope High Damand 2021 [104]
power plants of implementing the FPV software, the addition of 5 MW  Aswan

system in the primary FPV for each dam has been Reservoir,

hydropower reserves of analysed. Egypt

Egypt.
Hydroelectric Estimating how much The Helioscope software is used  Vaigai 2020 [99]
power plants energy and water can be to create a numerical analysis reservoir,

generated by FPV systems in  of electrical and meteorological India

Indian reservoirs and the data of the FPV system in the

advantages of HFPV reservoir.

Hydropower Electric Power

Plants.
Wind To minimize the impact of Using Power Smoothing (PS) Asturias, 2020 [105]

wind variability on power index to achieve smoother Northern

output through the power output between wind Spain

integration with solar PV
systems.

and solar energy.

4. Conclusions

This paper provides an extensive overview of FPV systems, including their components,
advantages, and drawbacks. It evaluates the environmental effects and efficiency of FPV systems
compared to OPV systems and discusses HFPV systems that integrate solar with other renewable
energy sources to enhance efficiency. Key conclusions drawn from the study include:
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i FPV systems are instrumental in advancing renewable energy technologies to meet global
energy demands.
ii. According to the Renewables 2022 Global Status Report, solar energy is experiencing the
fastest growth among renewable energy sources.
iii. Among solar cell technologies, first-generation cells, including monocrystalline and
polycrystalline, demonstrate higher efficiency compared to second and third-generations.

iv. The efficiency of PV cells is influenced by factors such as solar irradiation intensity, cell
temperature, and shading.

V. The primary factor enhancing the efficiency of FPV systems over OPV systems is the
cooling effect provided by water.

Vi. Continued research on factors affecting PV panel efficiency is essential for maximizing

energy production.

vii. FPVs are predominantly installed in freshwater environments to minimize corrosion and

mitigate the impacts of waves and wind.

viii. The durability of FPV systems in harsh environments must be researched to facilitate

further development of FPV technology.

iX. A significant advantage of HFPV systems is their ability to optimize efficiency by exporting
power from PV during periods of high solar radiation, while simultaneously allowing the
reservoir to recharge or store resources during times of low solar radiation.

Acknowledgement

This research was supported by a grant from Talent and Publications Enhancement Research Grant
(TAPE-RG), Universiti Malaysia Terengganu, under grant number UMT/TAPE-RG-2023/55451. The
generous funding provided by this grant enabled the successful conduct of this study and the
acquisition of valuable insights.

References

(1]

(2]

3]

(4]

(5]

(6]

(7]

Abbasi, Kashif Raza, Festus Fatai Adedoyin, Jaffar Abbas, and Khadim Hussain. "The impact of energy depletion
and renewable energy on CO2 emissions in Thailand: fresh evidence from the novel dynamic ARDL
simulation." Renewable Energy 180 (2021): 1439-1450. https://doi.org/10.1016/j.renene.2021.08.078

Huang, Guozhen, Yichang Tang, Xi Chen, Mingsheng Chen, and Yanlin Jiang. "A comprehensive review of floating
solar plants and potentials for offshore applications." Journal of Marine Science and Engineering 11, no. 11 (2023):
2064. https://doi.org/10.3390/jmse11112064

Razmjoo, Armin, L. Gakenia Kaigutha, MA Vaziri Rad, Mousa Marzband, A. Davarpanah, and M. J. R. E. Denai. "A
Technical analysis investigating energy sustainability utilizing reliable renewable energy sources to reduce CO2
emissions in a high potential area." Renewable Energy 164 (2021): 46-57.
https://doi.org/10.1016/j.renene.2020.09.042

Abu Seman, Rosazlan, Hapida Ghazali, and Tajul Arifin Norizan. “Floating photovoltaic installation at off river
storage facilities to optimize infrastructure utilization.” In Proceedings of the 8% World Congress on Mechanical,
Chemical, and Material Engineering. 2022. https://doi.org/10.11159/icmie22.145

Shang, Yunfeng, Ding Han, Giray Gozgor, Mantu Kumar Mahalik, and Bimal Kishore Sahoo. "The impact of climate
policy uncertainty on renewable and non-renewable energy demand in the United States." Renewable Energy 197
(2022): 654-667. https://doi.org/10.1016/j.renene.2022.07.159

Kim, Sung-Min, Myeongchan Oh, and Hyeong-Dong Park. "Analysis and prioritization of the floating photovoltaic
system potential for reservoirs in Korea." Applied Sciences 9, no. 3 (2019): 395.
https://doi.org/10.3390/app9030395

Marino, C., A. Nucara, M. F. Panzera, M. Pietrafesa, and V. Varano. "Energetic and economic analysis of a stand
alone photovoltaic system with hydrogen storage." Renewable Energy 142 (2019): 316-329.
https://doi.org/10.1016/j.renene.2019.04.079

82


https://doi.org/10.1016/j.renene.2021.08.078
https://doi.org/10.3390/jmse11112064
https://doi.org/10.1016/j.renene.2020.09.042
https://doi.org/10.11159/icmie22.145
https://doi.org/10.1016/j.renene.2022.07.159
https://doi.org/10.3390/app9030395
https://doi.org/10.1016/j.renene.2019.04.079

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 63, Issue 2 (2026) 67-88

(8]

(9]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]
(18]

[19]

[20]

[21]

(22]

(23]

[24]

[25]

[26]

(27]

Ciulla, Giuseppina, Antonino D’Amico, V. Di Dio, and V. Lo Brano. "Modelling and analysis of real-world wind
turbine power curves: Assessing deviations from nominal curve by neural networks." Renewable energy 140
(2019): 477-492. https://doi.org/10.1016/j.renene.2019.03.075

Olkkonen, Ville, Kristina Haaskjold, @yvind Sommer Klyve, and Roar Skartlien. "Techno-economic feasibility of
hybrid hydro-FPV systems in Sub-Saharan Africa under different market conditions." Renewable Energy 215
(2023): 118981. https://doi.org/10.1016/j.renene.2023.118981

Abbasi, Kashif Raza, Muhammad Shahbaz, Jinjun Zhang, Muhammad Irfan, and Rafael Alvarado. "Analyze the
environmental sustainability factors of China: The role of fossil fuel energy and renewable energy." Renewable
Energy 187 (2022): 390-402. https://doi.org/10.1016/j.renene.2022.01.066

Hamed, A. S. A., N. I. F. M. Yusof, M. S. Yahya, E. Cardozo, and N. F. Munajat. "Concentrated solar pyrolysis for oil
palm biomass: An exploratory review within the Malaysian context." Renewable and Sustainable Energy
Reviews 188 (2023): 113834. https://doi.org/10.1016/j.rser.2023.113834

Scovell, Mitchell, Rod McCrea, Andrea Walton, and Lavinia Poruschi. "Local acceptance of solar farms: The impact
of energy narratives." Renewable and Sustainable Energy Reviews 189 (2024): 114029.
https://doi.org/10.1016/j.rser.2023.114029

Khaleel, Mohamed, Ziyodulla Yusupov, Abdussalam Ahmed, Abdulgader Alsharif, Yasser Nassar, and Hala El-
Khozondar. "Towards sustainable renewable energy." Applied Solar Energy 59, no. 4 (2023): 557-567.
https://doi.org/10.3103/S0003701X23600704

Pourasl, Hamed H., Reza Vatankhah Barenji, and Vahid M. Khojastehnezhad. "Solar energy status in the world: A
comprehensive review." Energy Reports 10 (2023): 3474-3493. https://doi.org/10.1016/j.egyr.2023.10.022
Falope, Tolulope, Liyun Lao, Dawid Hanak, and Da Huo. "Hybrid energy system integration and management for
solar energy: A  review." Energy  Conversion and  Management: X  (2024): 100527.
https://doi.org/10.1016/j.ecmx.2024.100527

Gibb, Duncan, Nathalie Ledanois, Lea Ranalder, Hend Yagoob, Hannah E. Murdock, Nicolas Achury, Thomas Andre
et al. "Renewables 2022 global status report+ Renewable energy data in perspective+ Press releases+ Regional
fact sheets+ Country fact sheets." International Atomic Energy Agency (IAEA) 53, no. 27 (2022).

Solargis. com."Solar Resource Maps and GIS Data for 200+ Countries." (2017).

Lima, Gabriel Machado, Fernando Nunes Belchior, John Edward Neira Villena, José Luis Domingos, Marcus Aurélio
Vasconcelos Freitas, and Julian David Hunt. "Hybrid electrical energy generation from hydropower, solar
photovoltaic and hydrogen." International Journal of Hydrogen Energy 53 (2024): 602-612.
https://doi.org/10.1016/j.ijhydene.2023.12.092

Rathore, Neelam, Narayan Lal Panwar, Fatiha Yettou, and Amor Gama. "A comprehensive review of different
types of solar photovoltaic cells and their applications." International Journal of Ambient Energy 42, no. 10 (2021):
1200-1217. https://doi.org/10.1080/01430750.2019.1592774

Venkateswari, R., and S. Sreejith. "Factors influencing the efficiency of photovoltaic system." Renewable and
Sustainable Energy Reviews 101 (2019): 376-394. https://doi.org/10.1016/j.rser.2018.11.012

Lucefio-Sanchez, José Antonio, Ana Maria Diez-Pascual, and Rafael Pefia Capilla. "Materials for photovoltaics:
State of art and recent developments." International Journal of Molecular Sciences 20, no. 4 (2019): 976.
https://doi.org/10.3390/ijms20040976

Benda, Vitézslav, and Ladislava Cernd. "PV cells and modules—State of the art, limits and trends." Heliyon 6, no. 12
(2020). https://doi.org/10.1016/j.heliyon.2020.e05666

Vivar, Marta, H. Sharon, and Manuel Fuentes. "Photovoltaic system adoption in water related technologies—A
review." Renewable and Sustainable Energy Reviews 189 (2024): 114004.
https://doi.org/10.1016/j.rser.2023.114004

Jamalludin, Mohd Alif Saifuddin, Firdaus Muhammad-Sukki, Siti Hawa Abu-Bakar, Fadzliana Ramlee, Abu Bakar
Munir, Nurul Aini Bani, Mohd Nabil Muhtazaruddin et al. "Potential of floating solar technology in
Malaysia." International Journal of Power Electronics and Drive Systems (IJPEDS) 10, no. 3 (2019).
https://doi.org/10.11591/ijpeds.v10.i3.pp1638-1644

Perera, H. D. M. R. "Designing of 3MW floating photovoltaic power system and its benefits over other PV
technologies." Int. J. Adv. Sci. Res. Eng 6, no. 04 (2020): 37-48. http://doi.org/10.31695/IJASRE.2020.33782

Sawle, Yashwant, and M. Thirunavukkarasu. "Techno-economic comparative assessment of an off-grid hybrid
renewable energy system for electrification of remote area." In Design, analysis, and applications of renewable
energy systems, p. 199-247. Academic Press, 2021. https://doi.org/10.1016/B978-0-12-824555-2.00027-7

Sun, Xingshu, Mohammad Ryyan Khan, Chris Deline, and Muhammad Ashraful Alam. "Optimization and
performance of bifacial solar modules: A global perspective." Applied energy 212 (2018): 1601-1610.
https://doi.org/10.1016/j.apenergy.2017.12.041

83


https://doi.org/10.1016/j.renene.2019.03.075
https://doi.org/10.1016/j.renene.2023.118981
https://doi.org/10.1016/j.renene.2022.01.066
https://doi.org/10.1016/j.rser.2023.113834
https://doi.org/10.1016/j.rser.2023.114029
https://doi.org/10.3103/S0003701X23600704
https://doi.org/10.1016/j.egyr.2023.10.022
https://doi.org/10.1016/j.ecmx.2024.100527
https://doi.org/10.1016/j.ijhydene.2023.12.092
https://doi.org/10.1080/01430750.2019.1592774
https://doi.org/10.1016/j.rser.2018.11.012
https://doi.org/10.3390/ijms20040976
https://doi.org/10.1016/j.heliyon.2020.e05666
https://doi.org/10.1016/j.rser.2023.114004
https://doi.org/10.11591/ijpeds.v10.i3.pp1638-1644
http://doi.org/10.31695/IJASRE.2020.33782
https://doi.org/10.1016/B978-0-12-824555-2.00027-7
https://doi.org/10.1016/j.apenergy.2017.12.041

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 63, Issue 2 (2026) 67-88

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]
[42]

(43]

(44]

(45]

Kahar, Nor Hidayah Abdul, Nurul Hanis Azhan, Ibrahim Alhamrouni, Muhammad Nubli Zulkifli, Tole Sutikno, and
Awang Jusoh. "Comparative analysis of grid-connected bifacial and standard mono-facial photovoltaic solar
systems." Bulletin of Electrical Engineering and Informatics 12, no. 4 (2023): 1993-2004.
https://doi.org/10.11591/eei.v12i4.5072

Ziane, Abderrezzaq, Ammar Necaibia, Nordine Sahouane, Rachid Dabou, Mohammed Mostefaoui, Ahmed
Bouraiou, Seyfallah Khelifi, Abdelkrim Rouabhia, and Mohamed Blal. "Photovoltaic output power performance
assessment and forecasting: Impact of meteorological variables." Solar energy 220 (2021): 745-757.
https://doi.org/10.1016/j.solener.2021.04.004

Alkhalidi, Ammar, Tareq Salameh, and Ahmed Al Makky. "Experimental investigation thermal and exergy
efficiency of photovoltaic/thermal system." Renewable Energy 222 (2024): 119897.
https://doi.org/10.1016/j.renene.2023.119897

Oliveira-Pinto, Sara, Paulo Rosa-Santos, and Francisco Taveira-Pinto. "Assessment of the potential of combining
wave and solar energy resources to power supply worldwide offshore oil and gas platforms." Energy Conversion
and Management 223 (2020): 113299. https://doi.org/10.1016/j.enconman.2020.113299

Maleki, Akbar, Arman Haghighi, Mamdouh El Haj Assad, lbrahim Mahariq, and Mohammad Alhuyi Nazari. "A
review on the approaches employed for cooling PV cells." Solar Energy 209 (2020): 170-185.
https://doi.org/10.1016/j.solener.2020.08.083

Hamad, Ahmed J. "Performance evaluation of polycrystalline photovoltaic module based on varying temperature
for baghdad city climate." Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 68, no. 2 (2020):
164-176. https://doi.org/10.37934/arfmts.68.2.164176

Mohammed, Mohammed J., Wissam Hashim Khalil, Anas Bouguecha, and Mohamed Haddar. "Passive and active
techniques for cooling photovoltaic cell using PCM: An investigation of recent advances." Journal of Advanced
Research  in Fluid  Mechanics and  Thermal  Sciences 112, no. 2 (2023): 14-32.
https://doi.org/10.37934/arfmts.112.2.1432

Nisar, Hamza, Abdul Kashif Janjua, Hamza Hafeez, Nadia Shahzad, and Adeel Wagas. "Thermal and electrical
performance of solar floating PV system compared to on-ground PV system-an experimental investigation." Solar
Energy 241 (2022): 231-247. https://doi.org/10.1016/j.solener.2022.05.062

Kumari, Neha, and Harpreet Kaur Channi. "Designing of Photovoltaic System Using Matlab." In International
Conference on Intelligent Manufacturing and Energy Sustainability, p. 217-226. Singapore: Springer Nature
Singapore, 2023. https://doi.org/10.1007/978-981-99-6774-2_20

Workineh, Tewodros G., Biniyam Z. Taye, and Abraham H. Nebey. "Design and performance analysis of 125 mw
floating photovoltaic power plant in Ethiopia: Metema Vs Lake Tana." In Advances of Science and Technology: 9th
EAl International Conference, ICAST 2021, Hybrid Event, Bahir Dar, Ethiopia, August 27-29, 2021, Proceedings,
Part |, pp. 184-195. Springer International Publishing, 2022. https://doi.org/10.1007/978-3-030-93709-6 13

Lee, Nathan, Ursula Grunwald, Evan Rosenlieb, Heather Mirletz, Alexandra Aznar, Robert Spencer, and Sadie Cox.
"Hybrid floating solar photovoltaics-hydropower systems: Benefits and global assessment of technical
potential." Renewable Energy 162 (2020): 1415-1427.
https://doi.org/10.1016/j.renene.2020.08.080

Claus, R., and M. Lépez. "Key issues in the design of floating photovoltaic structures for the marine
environment." Renewable and Sustainable Energy Reviews 164 (2022): 112502.
https://doi.org/10.1016/].rser.2022.112502

Shi, Wei, Chaojun Yan, Zhengru Ren, Zhiming Yuan, Yingyi Liu, Siming Zheng, Xin Li, and Xu Han. "Review on the
development of marine floating photovoltaic systems." Ocean Engineering 286 (2023): 115560.
https://doi.org/10.1016/j.oceaneng.2023.115560

Essak, Laura, and Aritra Ghosh. "Floating photovoltaics: A review." Clean Technologies 4, no. 3 (2022): 752-769.
https://doi.org/10.3390/cleantechnol4030046

Ingole, Nitin, Aniket Kelzarkar, Pratik Rathod, and Ashish Bandewar. "Floating solar power plants: a
review." International Research Journal of Engineering and Technology (IRJET) 7, no. 01 (2020).

Oliveira-Pinto, Sara, and Jasper Stokkermans. "Assessment of the potential of different floating solar
technologies—Overview and analysis of different case studies." Energy conversion and Management 211 (2020):
112747. https://doi.org/10.1016/j.enconman.2020.112747

Yousuf, Hasnain, Muhammad Quddamah Khokhar, Muhammad Aleem Zahid, Jaeun Kim, Youngkuk Kim, Eun-Chel
Cho, Young Hyun Cho, and Junsin Yi. "A review on floating photovoltaic technology (FPVT)." Current Photovoltaic
Research 8, no. 3 (2020): 67-78. https://doi.org/10.21218/CPR.2020.8.3.067

Ranjbaran, Parisa, Hossein Yousefi, G. B. Gharehpetian, and Fatemeh Razi Astaraei. "A review on floating
photovoltaic (FPV) power generation units." Renewable and Sustainable Energy Reviews 110 (2019): 332-347.
https://doi.org/10.1016/].rser.2019.05.015

84


https://doi.org/10.11591/eei.v12i4.5072
https://doi.org/10.1016/j.solener.2021.04.004
https://doi.org/10.1016/j.renene.2023.119897
https://doi.org/10.1016/j.enconman.2020.113299
https://doi.org/10.1016/j.solener.2020.08.083
https://doi.org/10.37934/arfmts.68.2.164176
https://doi.org/10.37934/arfmts.112.2.1432
https://doi.org/10.1016/j.solener.2022.05.062
https://doi.org/10.1007/978-981-99-6774-2_20
https://doi.org/10.1007/978-3-030-93709-6_13
https://doi.org/10.1016/j.renene.2020.08.080
https://doi.org/10.1016/j.rser.2022.112502
https://doi.org/10.1016/j.oceaneng.2023.115560
https://doi.org/10.3390/cleantechnol4030046
https://doi.org/10.1016/j.enconman.2020.112747
https://doi.org/10.21218/CPR.2020.8.3.067
https://doi.org/10.1016/j.rser.2019.05.015

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 63, Issue 2 (2026) 67-88

(46]

[47]

(48]

[49]

(50]

(51]

(52]

(53]

(54]

(55]

(56]

(57]

(58]

(59]

(60]
(61]

(62]

(63]

(64]

Lupu, A. G., V. M. Homutescu, D. T. Balanescu, and et A. Popescu. "A review of solar photovoltaic systems cooling
technologies." In IOP Conference Series: Materials Science and Engineering 44, p. 082016. IOP Publishing, 2018.
https://doi.org/10.1088/1757-899X/444/8/082016

Patil Desai Sujay, S., M. M. Wagh, and N. N. Shinde. "A review on floating solar photovoltaic power
plants." International Journal Science Engineering Research 8 (2017): 789-794.

Kurniawan, Mirza Prasetya, Rizal Bagja Wiguna, and Hafidz Nufi Hartanto. "Construction of floating PV on Teritip
Dam Balikpapan to provide renewable energy for Indonesia’s new capital." In 2020 International Conference on
Technology and Policy in Energy and Electric Power (ICT-PEP), pp. 1-6. IEEE, 2020. https://doi.org/10.1109/ICT-
PEP50916.2020.9249861

Cazzaniga, Raniero, M. Cicu, Marco Rosa-Clot, P. Rosa-Clot, G. M. Tina, and C. Ventura. "Floating photovoltaic
plants: Performance analysis and design solutions." Renewable and Sustainable Energy Reviews 81 (2018): 1730-
1741. https://doi.org/10.1016/j.rser.2017.05.269

Hooper, Tara, Alona Armstrong, and Brigitte Vlaswinkel. "Environmental impacts and benefits of marine floating
solar." Solar Energy 219 (2021): 11-14. https://doi.org/10.1016/j.solener.2020.10.010

Ghigo, Alberto, Emilio Faraggiana, Massimo Sirigu, Giuliana Mattiazzo, and Giovanni Bracco. "Design and analysis
of a floating photovoltaic system for offshore installation: The case study of Lampedusa." Energies 15, no. 23
(2022): 8804. https://doi.org/10.3390/en15238804

Alaaeddin, M. H., S. M. Sapuan, M. Y. M. Zuhri, E. S. Zainudin, and Faris M. Al-Oqgla. "Photovoltaic applications:
Status and manufacturing prospects." Renewable and Sustainable Energy Reviews 102 (2019): 318-332.
https://doi.org/10.1016/].rser.2018.12.026

Kim, Sun-Hee, Seung-Cheol Baek, Ki-Bong Choi, and Sung-Jin Park. "Design and installation of 500-kW floating
photovoltaic  structures using high-durability  steel." Energies 13, no. 19 (2020): 4996.
https://doi.org/10.3390/en13194996

Perera, HD Milan Ravinath, and Huiging Wen. "simulation evaluation of floating photovoltaic power system."
In 2020 12th IEEE PES Asia-Pacific Power and Energy Engineering Conference (APPEEC), p. 1-6. IEEE, 2020.
https://doi.org/10.1109/APPEEC48164.2020.9220384

Acharya, Mohit, and Sarvesh Devraj. "Floating solar photovoltaic (FSPV): a third pillar to solar PV sector." New
Delhi, India: The Energy and Resources Institute. 2019.

Jawad, Atik, Md Sajid Hasan, and Md Fatin Ishraq Faruqui. "Small-scale floating photovoltaic systems in university
campus: A pathway to achieving SDG 7 goals in Bangladesh." Energy Conversion and Management 297 (2023):
117722. https://doi.org/10.1016/j.enconman.2023.117722

Kowsar, Abu, Mahedi Hassan, Md Tasnim Rana, Nawshad Haque, Md Hasan Faruque, Saifuddin Ahsan, and Firoz
Alam. "Optimization and techno-economic assessment of 50 MW floating solar power plant on Hakaluki marsh
land in Bangladesh." Renewable Energy 216 (2023): 119077. https://doi.org/10.1016/j.renene.2023.119077

Sahu, Alok K., and Kumarasamy Sudhakar. "Effect of UV exposure on bimodal HDPE floats for floating solar
application." Journal of Materials Research and Technology 8, no. 1 (2019): 147-156.
https://doi.org/10.1016/j.jmrt.2017.10.002

Pringle, Adam M., R. M. Handler, and Joshua M. Pearce. "Aquavoltaics: Synergies for dual use of water area for
solar photovoltaic electricity generation and aquaculture." Renewable and Sustainable Energy Reviews 80 (2017):
572-584. https://doi.org/10.1016/j.rser.2017.05.191

Kanotra, Rahul, and Ravi Shankar. "Floating solar photovoltaic mooring system design and analysis." In OCEANS
2022-Chennai, pp. 1-9. IEEE, 2022. https://doi.org/10.1109/0CEANSChennai45887.2022.9775352

Gamarra, Carlos, and Jennifer Ronk. "Floating solar: an emerging opportunity at the energy-water nexus." Texas
Water Journal 10, no. 1 (2019): 32-45.

Paul, Dipen, D. Devaprakasam, Suyash Patil, and Amritansh Agrawal. "Floating Solar: A review on the comparison

of efficiency, issues, and projections with ground-mounted solar photovoltaics." International Journal of
Sustainable Development & Planning 18, no. 10 (2023). https://doi.org/10.18280/ijsdp.181021
Lubon, Wojciech, Grzegorz Petka, Mirostaw Janowski, Leszek Pajgk, Michat Stefaniuk, Jarostaw Kotyza, and Pawet

Reczek. "Assessing the impact of water cooling on PV modules efficiency." Energies 13, no. 10 (2020): 2414.
https://doi.org/10.3390/en13102414
Gorjian, Shiva, H. Sharon, Hossein Ebadi, Karunesh Kant, Fausto Bontempo Scavo, and Giuseppe Marco Tina.

"Recent technical advancements, economics and environmental impacts of floating photovoltaic solar energy
conversion systems." Journal of Cleaner Production 278 (2021): 124285.
https://doi.org/10.1016/].iclepro.2020.124285

85


https://doi.org/10.1088/1757-899X/444/8/082016
https://doi.org/10.1109/ICT-PEP50916.2020.9249861
https://doi.org/10.1109/ICT-PEP50916.2020.9249861
https://doi.org/10.1016/j.rser.2017.05.269
https://doi.org/10.1016/j.solener.2020.10.010
https://doi.org/10.3390/en15238804
https://doi.org/10.1016/j.rser.2018.12.026
https://doi.org/10.3390/en13194996
https://doi.org/10.1109/APPEEC48164.2020.9220384
https://doi.org/10.1016/j.enconman.2023.117722
https://doi.org/10.1016/j.renene.2023.119077
https://doi.org/10.1016/j.jmrt.2017.10.002
https://doi.org/10.1016/j.rser.2017.05.191
https://doi.org/10.1109/OCEANSChennai45887.2022.9775352
https://doi.org/10.18280/ijsdp.181021
https://doi.org/10.3390/en13102414
https://doi.org/10.1016/j.jclepro.2020.124285

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 63, Issue 2 (2026) 67-88

(65]

(66]

(67]

(68]

(69]

[70]

(71]

[72]

(73]

(74]

[75]

[76]

[77]

(78]

Moodliar, Leshan, and Innocent Ewean Davidson. "Do the Dam Project-Evaluating floating solar photovoltaic and
energy storage at Inanda Dam within eThekwini Municipality, South Africa." Energy Reports 9 (2023): 1116-1125.
https://doi.org/10.1016/j.egyr.2023.05.190

Kaymak, Mustafa Kemal, and Ahmet Duran Sahin. "The first design and application of floating photovoltaic (FPV)

energy generation systems in Turkey with structural and electrical performance." International Journal of
Precision Engineering and Manufacturing-Green Technology (2021): 1-13. https://doi.org/10.1007/s40684-021-
00369-w

El Hammoumi, Aboubakr, Abdelilah Chalh, Amine Allouhi, Saad Motahhir, Abdelaziz El Ghzizal, and Aziz Derouich.
"Design and construction of a test bench to investigate the potential of floating PV systems." Journal of Cleaner
Production 278 (2021): 123917. https://doi.org/10.1016/j.jclepro.2020.123917

Doérenkamper, Maarten, Arifeen Wahed, Abhishek Kumar, Minne de Jong, Jan Kroon, and Thomas Reindl. "The

cooling effect of floating PV in two different climate zones: A comparison of field test data from the Netherlands
and Singapore." Solar Energy 219 (2021): 15-23. https://doi.org/10.1016/j.solener.2021.03.051
Osama, Amr, Nabil AS Elminshawy, and Amany M. Saif. "Design and construction of a test bench to investigate

the potential of novel partially submerged PV system." Port-Said Engineering Research Journal 26, no. 1 (2022):
151-164. https://dx.doi.org/10.21608/pserj.2021.76713.1112

Widayat, Aditya Anindito, Samsul Ma’arif, Kianda Dhipatya Syahindra, A. F. Fauzi, and E. Adhi Setiawan.
"Comparison and optimization of floating bifacial and monofacial solar PV system in a tropical region." In 2020

9th International Conference on Power Science and Engineering (ICPSE), pp. 66-70. |EEE, 2020.
https://doi.org/10.1109/ICPSE51196.2020.9354374
Junianto, Benny, Tresna Dewi, and Carlos R. Sitompul. "Development and feasibility analysis of floating solar

panel application in Palembang, South Sumatra." In Journal of Physics: Conference Series 1500, no. 1, p. 012016.
I0P Publishing, 2020. https://doi.org/10.1088/1742-6596/1500/1/012016
Liu, Haohui, Vijay Krishna, Jason Lun Leung, Thomas Reindl, and Lu Zhao. "Field experience and performance

analysis of floating PV technologies in the tropics." Progress in Photovoltaics: Research and Applications 26, no. 12
(2018): 957-967. https://doi.org/10.1002/pip.3039
Spencer, Robert S., Jordan Macknick, Alexandra Aznar, Adam Warren, and Matthew O. Reese. "Floating

photovoltaic systems: assessing the technical potential of photovoltaic systems on man-made water bodies in the
continental United States." Environmental Science & Technology 53, no. 3 (2018): 1680-1689.
https://doi.org/10.1021/acs.est.8b04735

Majumder, Arnas, Amit Kumar, Roberto Innamorati, Costantino Carlo Mastino, Giancarlo Cappellini, Roberto
Baccoli, and Gianluca Gatto. "Cooling Methods for Standard and Floating PV Panels." Energies 16, no. 24 (2023):
7939. https://doi.org/10.3390/en16247939

Tina, Giuseppe Marco, Fausto Bontempo Scavo, Leonardo Merlo, and Fabrizio Bizzarri. "Analysis of water

environment on the performances of floating photovoltaic plants." Renewable Energy 175 (2021): 281-295.
https://doi.org/10.1016/j.renene.2021.04.082
Mittal, Divya, Bharat Kumar Saxena, and K. V. S. Rao. "Comparison of floating photovoltaic plant with solar

photovoltaic plant for energy generation at Jodhpur in India." In 2017 International Conference on Technological
Advancements in Power and Energy (TAP energy), pp.- 1-6. IEEE, 2017.
https://doi.org/10.1109/TAPENERGY.2017.8397348

Yakubu, Rahimat O., David A. Quansah, Lena D. Mensah, Wisdom Ahiataku-Togobo, Peter Acheampong, and

Muyiwa S. Adaramola. "Comparison of ground-based and floating solar photovoltaic systems performance based
on monofacial and bifacial modules in Ghana."  Energy Nexus 12  (2023): 100245.
https://doi.org/10.1016/j.nexus.2023.100245

da Costa, Luana Carolina Alves, and Gardenio Diogo Pimentel da Silva. "Save water and energy: A

techno-economic analysis of a floating solar photovoltaic system to power a water integration project in the
Brazilian semiarid." International Journal of Energy Research 45, no. 12 (2021): 17924-17941.
https://doi.org/10.1002/er.6932

86


https://doi.org/10.1016/j.egyr.2023.05.190
https://doi.org/10.1007/s40684-021-00369-w
https://doi.org/10.1007/s40684-021-00369-w
https://doi.org/10.1016/j.jclepro.2020.123917
https://doi.org/10.1016/j.solener.2021.03.051
https://dx.doi.org/10.21608/pserj.2021.76713.1112
https://doi.org/10.1109/ICPSE51196.2020.9354374
https://doi.org/10.1088/1742-6596/1500/1/012016
https://doi.org/10.1002/pip.3039
https://doi.org/10.1021/acs.est.8b04735
https://doi.org/10.3390/en16247939
https://doi.org/10.1016/j.renene.2021.04.082
https://doi.org/10.1109/TAPENERGY.2017.8397348
https://doi.org/10.1016/j.nexus.2023.100245
https://doi.org/10.1002/er.6932

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 63, Issue 2 (2026) 67-88

[79]

(80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

(89]

[90]

[91]

[92]

(93]

Kumar, Manish, Humaid Mohammed Niyaz, and Rajesh Gupta. "Challenges and opportunities towards the
development of floating photovoltaic systems." Solar Energy Materials and Solar Cells 233 (2021): 111408.
https://doi.org/10.1016/j.solmat.2021.111408

Leggieri, Angelo, and Teodoro Semeraro. "A new perspective of solar renewable energy for south italy using the

floating photovoltaic system." In IOP Conference Series: Materials Science and Engineering, vol. 960, no. 2, p.
022019. IOP Publishing, 2020. https://doi.org/10.1088/1757-899X/960/2/022019
Pimentel Da Silva, Gardenio Diogo, and David Alves Castelo Branco. "Is floating photovoltaic better than

conventional photovoltaic? Assessing environmental impacts." Impact Assessment and Project Appraisal 36, no. 5
(2018): 390-400. https://doi.org/10.1080/14615517.2018.1477498

Solomin, Evgeny, Evgeny Sirotkin, Erdem Cuce, Shanmuga Priya Selvanathan, and Sudhakar Kumarasamy. "Hybrid
floating solar plant designs: a review." Energies 14, no. 10 (2021): 2751. https://doi.org/10.3390/en14102751
Golroodbari, S. Z. M., D. F. Vaartjes, J. B. L. Meit, A. P. Van Hoeken, M. Eberveld, H. Jonker, and W. G. J. H. M. Van
Sark. "Pooling the cable: A techno-economic feasibility study of integrating offshore floating photovoltaic solar

technology within an offshore wind park." Solar Energy 219 (2021): 65-74.
https://doi.org/10.1016/].solener.2020.12.062
Amran, Nik Muhammad Hazwan Nik, Siti Lailatul Mohd Hassan, lli Shairah Abdul Halim, Nasri Sulaiman, and Noor

Ezan Abdullah. "Effect of water cooling and dust removal on solar photovoltaic module efficiency." Journal of
Advanced Research in Fluid Mechanics and Thermal Sciences 105, no. 1 (2023): 184-193.
https://doi.org/10.37934/arfmts.105.1.184193

Dalapati, Goutam Kumar, Siddhartha Ghosh, Thanseeha Sherin, Brindha Ramasubramanian, Aniket Samanta, Ajay

Rathour, Terence Kin Shun Wong, Sabyasachi Chakrabortty, Seeram Ramakrishna, and Avishek Kumar.
"Maximizing solar energy production in ASEAN region: Opportunity and challenges." Results in Engineering (2023):
101525. https://doi.org/10.1016/j.rineng.2023.101525

Pranoto, B., M. I. A. Irsyad, A. L. Sihombing, and V. Nurliyanti. "Hybrid floating photovoltaic-hydropower potential

utilization in Indonesia." In IOP Conference Series: Earth and Environmental Science, 1105, no. 1, p. 012004. IOP
Publishing, 2022. https://doi.org/10.1088/1755-1315/1105/1/012004
Khan, M. Reyasudin Basir, Jagadeesh Pasupuleti, and Razali Jidin. "Technical and economic analysis of floating PV

system for putra mosque in Malaysia." In 2020 IEEE Student Conference on Research and Development (SCOReD),
p. 39-44. IEEE, 2020. https://doi.org/10.1109/SCOReD50371.2020.9250936

Delbeke, Oscar, Jens D. Moschner, and Johan Driesen. "The complementarity of offshore wind and floating
photovoltaics in the Belgian North Sea, an analysis up to 2100." Renewable Energy 218 (2023): 119253.
https://doi.org/10.1016/j.renene.2023.119253

Haas, J., J. Khalighi, A. De La Fuente, S. U. Gerbersdorf, W. Nowak, and Po-Jung Chen. "Floating photovoltaic

plants: Ecological impacts versus hydropower operation flexibility." Energy Conversion and Management 206
(2020): 112414. https://doi.org/10.1016/j.enconman.2019.112414
Milani, Sevda Jalali, and Gholamreza Nabi Bidhendi. "Biogas and photovoltaic solar energy as renewable energy in

wastewater treatment plants: A focus on energy recovery and greenhouse gas emission mitigation." Water
Science and Engineering 17, no. 3 (2024): 283-291. https://doi.org/10.1016/j.wse.2023.11.003
Temiz, Mert, and Ibrahim Dincer. "Techno-economic assessment of bifacial photovoltaic and geothermal based

multigeneration system for cleaner communities." Journal of Cleaner Production 275 (2020): 122879.
https://doi.org/10.1016/j.jclepro.2020.122879
Tabassum, Sanzana, Tanvin Rahman, Ashraf Ul Islam, Sumayya Rahman, Debopriya Roy Dipta, Shidhartho Roy,

Naeem Mohammad, Nafiu Nawar, and Eklas Hossain. "Solar energy in the United States: Development,
challenges and future prospects." Energies 14, no. 23 (2021): 8142. https://doi.org/10.3390/en14238142
Silva, Domisley Dutra, Elaine Maria Cardoso, Claudio Basquerotto, Jodo Antonio Pereira, Antonio Eduardo Turra,

and Jhonny Feldhaus. "Outlook on the Brazilian scenario of floating photovoltaic solar energy." Energy Reports 10
(2023): 4429-4435. https://doi.org/10.1016/j.egyr.2023.11.004

87


https://doi.org/10.1016/j.solmat.2021.111408
https://doi.org/10.1088/1757-899X/960/2/022019
https://doi.org/10.1080/14615517.2018.1477498
https://doi.org/10.3390/en14102751
https://doi.org/10.1016/j.solener.2020.12.062
https://doi.org/10.37934/arfmts.105.1.184193
https://doi.org/10.1016/j.rineng.2023.101525
https://doi.org/10.1088/1755-1315/1105/1/012004
https://doi.org/10.1109/SCOReD50371.2020.9250936
https://doi.org/10.1016/j.renene.2023.119253
https://doi.org/10.1016/j.enconman.2019.112414
https://doi.org/10.1016/j.wse.2023.11.003
https://doi.org/10.1016/j.jclepro.2020.122879
https://doi.org/10.3390/en14238142
https://doi.org/10.1016/j.egyr.2023.11.004

Journal of Advanced Research in Applied Sciences and Engineering Technology
Volume 63, Issue 2 (2026) 67-88

[94] Campana, Pietro Elia, Louise Wasthage, Worrada Nookuea, Yuting Tan, and lJinyue Yan. "Optimization and
assessment of floating and floating-tracking PV systems integrated in on-and off-grid hybrid energy
systems." Solar Energy 177 (2019): 782-795. https://doi.org/10.1016/j.solener.2018.11.045

[95] Farfan, Javier, and Christian Breyer. "Combining floating solar photovoltaic power plants and hydropower

reservoirs: a virtual battery of great global potential." Energy procedia 155 (2018): 403-411.
https://doi.org/10.1016/j.egypro.2018.11.038

[96] Bai, Bo, Sigin Xiong, Xiaoming Ma, and Xiawei Liao. "Assessment of floating solar photovoltaic potential in
China." Renewable Energy 220 (2024): 119572. https://doi.org/10.1016/j.renene.2023.119572

[97] International Renewable Energy Agency IRENA. Renewable energy statistics 2022. International Renewable
Energy Agency IRENA, 2022.

[98] Sanchez, Rocio Gonzalez, loannis Kougias, Magda Moner-Girona, Fernando Fahl, and Arnulf Jager-Waldau.

"Assessment of floating solar photovoltaics potential in existing hydropower reservoirs in Africa." Renewable
Energy 169 (2021): 687-699. https://doi.org/10.1016/j.renene.2021.01.041
[99] Nagananthini, R., and R. Nagavinothini. "Investigation on floating photovoltaic covering system in rural Indian

reservoir to minimize evaporation loss." International Journal of Sustainable Energy 40, no. 8 (2021): 781-805.
https://doi.org/10.1080/14786451.2020.1870975
[100] de Campos, Erica Ferraz, Enio Bueno Pereira, Pieter van Oel, Fernando Ramos Martins, André Rodrigues

Gongalves, and Rodrigo Santos Costa. "Hybrid power generation for increasing water and energy securities during
drought: Exploring local and regional effects in a semi-arid basin." Journal of environmental management 294
(2021): 112989. https://doi.org/10.1016/j.jenvman.2021.112989

[101] Nguyen, Nghia-Hieu, Bao-Chi Le, Le-Ngoc Nguyen, and Thanh-Trung Bui. "Technical analysis of the large capacity

grid-connected floating photovoltaic system on the hydropower reservoir." Energies 16, no. 9 (2023): 3780.
https://doi.org/10.3390/en16093780
[102] Alberti, Emerson L., Rodrigo Paludo, Kleber F. Portella, Mariana D'Orey Gaivdo Portella Braganca, Gabriel Pereira

Ugucioni Rocha, Mauricio Marlon Mazur, and Augustus Caeser Franke Portella. "New concept on 100.74 kWp
floating solar photovoltaic plant and a real mechanical failures assessment: Case of study at Santa Clara
hydroelectric power plant reservoir in southern Brazil." Sustainable Energy Technologies and Assessments 60
(2023): 103455. https://doi.org/10.1016/j.seta.2023.103455

[103] Alkhalidi, Ammar, Abeer Abuothman, Hamza Abbas, Bilal Al-Duqqah, Talal Nofal, and Ryoichi S. Amano.
"Cantilever wind turbines installation to harvest accelerated wind in dams (hybrid floating PV-Wind
system)." Renewable Energy Focus 40 (2022): 39-47. https://doi.org/10.1016/j.ref.2021.11.005

[104] Ravichandran, Nagananthini, Hady H. Fayek, and Eugen Rusu. "Emerging floating photovoltaic system-Case

studies high dam and Aswan reservoir in Egypt." Processes 9, no. 6 (2021): 1005.
https://doi.org/10.3390/pr9061005

[105] Lépez Gallego, Mario, Noel Rodriguez, and Gregorio Iglesias. "Combined floating offshore wind and solar
PV." Journal of Marine Science and Engineering (2020). http://dx.doi.org/10.3390/jmse8080576

88


https://doi.org/10.1016/j.solener.2018.11.045
https://doi.org/10.1016/j.egypro.2018.11.038
https://doi.org/10.1016/j.renene.2023.119572
https://doi.org/10.1016/j.renene.2021.01.041
https://doi.org/10.1080/14786451.2020.1870975
https://doi.org/10.1016/j.jenvman.2021.112989
https://doi.org/10.3390/en16093780
https://doi.org/10.1016/j.seta.2023.103455
https://doi.org/10.1016/j.ref.2021.11.005
https://doi.org/10.3390/pr9061005
http://dx.doi.org/10.3390/jmse8080576

