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Abstract — Floating solar photovoltaic (FPV) 

technology has been gaining popularity in various parts 

of the world to address the growing clean energy demand 

and land scarcity challenges posed by conventional solar 

PV installations. This paper presents a comprehensive 

review of the recent progress in FPV research and actual 

implementations, highlighting advancements, 

challenges, and future prospects in this dynamic and 

promising field in Malaysia. 
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I. INTRODUCTION 

Solar energy has been gaining momentum globally 
as one of the most prominent renewable energy 
sources due to its abundance in supply and maturing 
harvesting technology. There are two types of solar 
energy systems; on land and on water. On land, the 
installations usually are either solar farms or on 
rooftops of buildings. On water, a feasibly large 
surface area of lakes, rivers and seas are required. 
Previous studies show that, for standard office 
buildings, PV solar systems are preferred over solar 
thermal systems. In addition, a life cycle analysis was 
performed to analyse and evaluate the overall 
performance of an optimization system and a 
conventional system, and it showed a huge 
improvement for the optimization system [1].  

According to Valančius and Mikučionienė, there is 
potential to use solar systems to renovate Soviet-style 
apartment buildings. Using the combination of PV 
solar and thermal solar systems to get the maximum 
benefits of electricity usage, the usage of different 
buildings in terms of space and capacity was compared 
by the aforementioned authors in [2].  

Rabaia et al. found that after testing and an in-
depth evaluation among numerous technologies, the 
technology of thin-film amorphous silicon (a-Si), 
cadmium telluride (CdTe), and copper indium gallium 
selenide (CIGS) has higher environmental 
performance compared to different technologies. In 
addition, massive metal smelters can be used to 
recycle thin-film photovoltaics (TFPVs). provided a 
table for solar system cells, and they are classified into 
three generations with their types. In addition, they 
compared the efficiency, advantage, and disadvantage 
of each type of the aforementioned technologies [3]. 
The subsequent section reviews recent progresses 
made in the field of FPV systems. 

II. FLOATING SOLAR PV SYSTEMS 

As aforementioned, the other type of solar energy 
which runs on water is FPV systems. As it is newly 
introduced and still in its infancy stage in Malaysia, 
there are no well-defined statistics on the contribution 
of total power generation from FPV in Malaysia. 
Floating solar systems can be found on different sites, 
like basins, lakes, and many other locations with water 
areas.  

Studies show how the calculation has been done 
for the economic analysis of floating solar power 
plants (payback period). In addition, the various types 
of FPV systems and the advantages and disadvantages 
of each type are discussed. Finally, the advantages of 
floating over land PV solar systems are summarised in 
terms of efficiency, shadow effect, and saving land 
space [4].  

According to Dörenkämper et al., they found a 
mathematical relationship between the temperature 
and the output power of the PV panels. One of the 
analytical methods is to compute the irradiance-
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weighted average temperature, this is a method for 
comparing the measured temperatures of the panels 
immediately. Calculating the heat loss coefficient is a 
different way of expressing the behaviour of different 
temperatures between the reference system and the 
floating structures, this coefficient is referred to as the 
U-value, and the greater this U-value, the less 
complicated it is for the module to expend its thermal 
energy [5].  

Thi Thu Em Vo et al. discussed the advantages and 
disadvantages gathered from different studies of 
implementing FPV systems offshore. The advantages 
are, saving water from evaporation, especially in water 
bodies like dams or reservoirs, avoiding using land in 
crowded areas, and better efficiency compared with 
on-land PV systems due to the cooling effect on PV 
modules and cables. The disadvantages are that the 
configuration of the mooring and anchoring systems is 
not commercially available, installations pose 
challenges in positioning and lifting heavy structures, 
and seawater negatively impacts PV panels due to the 
algae and aquatic species attached to the floating 
systems, causing degradation and corrosion over the 
long term [6]. Figure 1 depicts a typical FPV system 
described in [6]. 

 

Fig. 1. A typical FPV modified from [6]. 

 

Solomin et al. reviewed different designs for 
hybrid FPV (HFPV) technologies these technologies 
include the combination of FPV and hydro, pumped 
hydro, wave energy converters, and more. HFPV 
systems are reliable and sustainable technologies that 
utilise the water-energy nexus to generate power with 
a low-carbon pathway. Island nations have huge 
potential to meet their energy demand by 
implementing HFPV using hydroelectric power plant 
(HPP) dams. In terms of power generation, the HFPV 
systems will be an alternative and efficient method 
compared with standard FPV systems [7].  

Oliveira-Pinto and Stokkermans summarised some 
of the pros and cons of the FPV system and some of 
its limitations. The benefits include the utilisation of 
unused water bodies for power generation, no shading 
because of the open areas, reduced water evaporation 
and algae growth, availability of water for cleaning the 
PV modules, and simple construction. Using FPV 
systems on reservoirs can be advantageous due to 
existing infrastructure for grid connection, and 

typically during dry seasons, solar irradiation is high, 
resulting in higher power quality production. The cons 
and limitations are that the regulations for 
implementing this technology are unclear, the 
warranty, reliability, and lifetime of the PV modules 
under salt water and humid conditions are not 
guaranteed, the floating structure lifetime is typically 
25 years, and there are no advancing simulation tools 
to simulate and assess the energy and efficiency of the 
FPV systems under the cooling effect of water [8]. 

Studies found that the presence of FPV systems 
has no effect on the albedo effect or global warming, 
this is an advantage compared with land-based PV 
(LBPV) systems due to the reduction of the local 
albedo effect. FPV systems contribute to saving water 
from evaporation, especially in reservoirs, as they 
secure the water resource. For one hectare of FPV 
systems, they save 15,000 𝑚3 annually. By utilising 
reservoirs and existing electrical infrastructure for grid 
connection, HFPV and HPP systems are cost-effective 
and produce more energy. No impact on zootechnical 
and fish equilibrium exists, and aquatic fauna and even 
birds are not bothered by the presence of floating 
structures [9].  

Exley et al. found that solar irradiation and wind 
speed reduction in an average basin or lake can 
generate a non-linear and complex response, the 
direction of which depends on the design of the FPV 
system's array. FPV systems with small surface 
coverage had little influence on the system thermal 
structure test, whereas large surface coverage was a 
significant disruptor of the archetypal system thermal 
structure. While FPV affects lake thermal structure or 
light environment, a well-designed FPV system will 
be required to decrease the probability of hypolimnetic 
anoxia and maximise changes in marine ecosystems 
[10].  

From field experience, Liu et al. reported some of 
the benefits and challenges of FPV systems. FPV 
systems have many potential advantages. It can be 
summarised as follows, there is no land use, and this 
is beneficial for countries with high populations and 
high energy demand. The low temperature of PV 
modules is due to evaporation. Water bodies are less 
dusty and therefore have negligible soiling effects 
because of dust particles. There have been mentions of 
difficulties encountered. Soiling effect due to bird 
droppings, in areas where the rain washes the bird 
droppings away, and in others where it does not, the 
panels must be operated and maintained regularly to 
ensure that the performance ratio (PR) is not impacted. 
Insulation faults cause the inverters to shut down, 
resulting in a significant loss of energy. Proper 
insulation of the electrical components, particularly 
the cables, is required during installation because the 
systems come into contact with water, which can 
conduct electricity on occasion [11].  

A study conducted by Zahedi et al. on cleaning 
techniques for FPV systems initially applied these 
techniques to LBPV systems. It can be generally 
categorised as water-based and water-free approaches, 
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each with different techniques. The water-based 
approach involves using chemical fluids, the 
temperature of the fluids is recommended to be the 
same as the PV panels' temperature to prevent electric 
shock. There are four techniques in this approach. First 
is the rainfall, where the PV panels are cleaned 
naturally, the effectiveness of this technique is 
different in heavy-rain areas than it is in light-rain 
areas. The second is manual cleaning, since natural 
assistance from rain and snow is not widespread in all 
regions, manual cleaning is suitable for removing soils 
from the PV panels with a simple piece of cloth and 
either a tucker pole or a PV-spin device. The third is 
self-cleaning, where high-pressure water sprinklers 
are placed between the PV panels, this technique is 
used for either cleaning or cooling down the 
temperature of the PV panels. Fourth is robotics, 
where robots are placed on the PV panels and start 
cleaning automatically, this is one of the most 
promising techniques to clean PV panels efficiently. 
The second approach is water-free, which reduces 
water consumption without involving any chemical 
fluids that could potentially pollute reservoirs and 
affect water quality. First is airflow, this technique 
relies on wind to clean and remove the soiling on the 
PV panels, which has the same issue as the rainfall 
technique in that it is not suitable for all regions. 
Second is self-cleaning, by using air conditioning 
systems, the air is cooled, filtered, and then forced 
onto the PV panels. This approach is valid for arid 
regions like the United Arab Emirates [12].  

In a nutshell, advantages and drawbacks of FPV 
were discussed. The subsequent section will highlight 
FPV projects which were deployed globally.   

III. GLOBAL FPV PROJECTS 

The installed global capacity of FPV systems was 
1.3 gigawatts-peak (𝐺𝑊𝑃) at the end of 2018, and the 
systems are growing significantly as the studies of the 
systems get more mature. What makes the FPV system 
an attractive option for power generation is the 
positive environmental impact, and countries with 
high populations, instead of using land for the PV 
systems, can deploy large-scale FPV systems on 
nearby water bodies. China, for example, has installed 
a few large-scale FPV systems by 2018 and over 300 
projects, the total installed capacity is 950 𝑀𝑊𝑃 and 
73% of the total installed capacity, which makes it the 
market leader for FPV systems, followed by Japan in 
second place with 16%, and the Republic of Korea 
with 6% [13].  

Singapore officially opened the first large-scale 
inland floating solar farm in July 2021, with a system 
size of 60 𝑀𝑊𝑃 using 122,000 solar panels and a 
power class of 490 𝑊𝑃 from 210 Vertex dual-glass 
technology modules on the Tengeh reservoir. The 
project period is 25 years, and the total CO2 saved over 
that period is 32 𝑘𝑖𝑙𝑜𝑡𝑜𝑛𝑛𝑒𝑠 (𝑘𝑡), equivalent to taking 
7,000 cars off the road [14].  

Rosa-Clot et al. conducted a study on existing FPV 
systems in Bolivar, South Australia. The FPV system 

is constructed for wastewater treatment using two 
construction methods. The first has a fixed tilt angle of 
15°, a system size of 75 𝑀𝑊𝑃, and an annual produced 
energy of 133,875 Megawatt-hours (𝑀𝑊ℎ). Second is 
vertical axis tracking with a slope of 25°, a system size 
of 42.4 𝑀𝑊𝑃, and an annual production energy of 
89,464 𝑀𝑊ℎ. They concluded the energy yield of 
vertical axis tracking is higher than a fixed tilted angle, 
with values of 2110 𝑘𝑊ℎ/𝑘𝑊𝑃 and 1785 𝑘𝑊ℎ/𝑘𝑊𝑃, 
respectively. There are two other areas in South 
Australia that have been studied. The first area in 
Goolwa (Latitude 35°30’05” 𝑆, Longitude 138°46’54” 
𝐸) and the second area at Lilydale (Latitude 37°45’29” 
𝑆, Longitude 145°20’60” 𝐸) each have four basins. 
The total installed capacity in Goolwa is 9.313 𝑀𝑊𝑃, 
and the annual energy produced is 16,391 𝑀𝑊ℎ with 
a tilt angle of 15°. The total installed capacity in 
Lilydale is 8.467 𝑀𝑊𝑃, and the annual energy 
produced is 13,971 𝑀𝑊ℎ with a tilt angle of 15° [15].  

Analysis has been conducted by Cazzaniga et al. in 
Pisa, Italy. The existing FPV system utilized area is 
4,000 𝑚2 and 4 𝑚 deep, power class of the solar panel 
is 250 𝑊𝑃 using 60 panels, with two reflectors for 
each panel, placed on the sides, the reflector angle is 
60°, to increase the radiation and possibility of gaining 
up to 30% in energy [16].  

Popa et al. studied the potential of developing an 
FPV system on the Lacul Morii reservoir in Bucharest, 
Romania. The utilised area is 8000 𝑚2, accounting for 
0.32% of the total reservoir area, the installed system 
has a capacity of 1 𝑀𝑊𝑃, and the annual produced 
power and CO2 emissions saved are 1,114 𝑀𝑊ℎ and 
341 tCO2, respectively. The benefits of this project are 
increased power generation and awareness of 
implementing the first FPV system in Romania [17].  

The Tocantins-Araguaia basin region in Brazil has 
potential for PV systems because of the high solar 
irradiation. A case study (CS) was conducted on the 
HPP reservoirs to provide more power generation and 
meet the demand. The four case studies were 
conducted with different methodologies. CS one uses 
all the area for the FPV system, CS two covers 1% of 
the total flood area, CS three covers 5% of the total 
flood area, and CS four system size of the FPV system 
is the same as the capacity of a HPP, this approach is 
recommended by several studies. The annual power 
generated from CS one to four is 2,555.04 Terawatt-
hour (𝑇𝑊ℎ), 25.55 𝑇𝑊ℎ, 127.75 𝑇𝑊ℎ, and 25.04 
𝑇𝑊ℎ, respectively. The annual reduction in CO2 
emissions is estimated at 19.86 to 2024.30 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 
tCO2. The water saved from evaporation saves water 
during dry seasons [18].  

Africa has a high solar irradiation of more than 
2000 𝑘𝑊ℎ/𝑚2. Gonzalez Sanchez et al. assessed the 
potential of FPV systems on existing hydropower 
reservoirs. This study is conducted on central, eastern, 
northern, southern, and west African power pools. The 
annual power generated from FPV systems on 146 
hydropower plants covering all surface areas of the 
reservoirs is 5,293 𝑇𝑊ℎ, equivalent to the power 
generated from the HPP by 50 times. Covering less 
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than 1% of the reservoirs can double the installed 
power capacity of the hydropower plant and annually 
produce an additional 46.04 𝑇𝑊ℎ. Due to the water 
saved from evaporation, the annual energy produced 
by HPP generation is increased, and the total annual 
saved water and produced energy are 743 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑚3 

and 170.64 Gigawatt-hour (𝐺𝑊ℎ) [19].  

Micheli evaluated the potential of applying FPV 
systems to the reservoirs in Spain, where the total 
number of reservoirs and surface areas are 262 and 
1,604 𝑘𝑚2, respectively. Occupying all the surface 
area, the total system size is 288 𝐺𝑊𝑃 at a 10° tilted 
angle. Covering 1% of the surface area of the 
reservoirs can generate 1.7% of Spain's energy 
demand and add 3 𝐺𝑊 to the national PV capacity. If 
the FPV system's system size matches the capacity of 
the existing HPP, it has the potential to cover 12% of 
energy demand and up to 70% of the missing PV 
capacity in order to meet the renewable energy targets 
for 2030 [20]. 

A study was conducted on the potential of the FPV 
system on reservoirs in Karun, Iran. Using AutoCAD 
and PVsyst as design tools. The total area used is 
100,000 𝑚2. The tilted angle and the row spacing are 
20° and 70 𝑐𝑚, respectively. The system size is 18.65 
𝑀𝑊𝑃, due to the shading study findings, the tilted 
angle is reconsidered at 27.1° to maximise the solar 
irradiation and minimise the shading effect. The 
average amount of solar irradiation is 2,138 𝑘𝑊ℎ/𝑚2. 
The energy injected into the grid is 16,758 
𝑀𝑊ℎ/𝑦𝑒𝑎𝑟, this power can supply 2,260 houses. The 
equivalent saved CO2 emissions are 13,349 𝑚𝑒𝑡𝑟𝑖𝑐 
𝑡𝑜𝑛𝑛𝑒𝑠 [21].  

Mittal et al. investigated the feasibility of the 
potential use of FPV systems in two lakes in India, 
Kota Barrage and Kishore Sagar. The installed system 
size at Kota Barrage Lake is 1 𝑀𝑊𝑃, the estimated 
utilised area is 10,000 𝑚2, daily solar irradiation is 
6.07 𝑘𝑊ℎ/𝑚2, the annual produced energy is 1,838 
𝑀𝑊ℎ, saved water is 37 𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑙𝑖𝑡𝑟𝑒𝑠, the reduced 
CO2 emissions are 1,733 𝑡. Kishore Sagar Lake has a 
total area of 719,844 𝑚2, considering 20% of the area, 
the system size is 14 𝑀𝑊𝑃, the utilised area is 143,969 
𝑚2, daily solar irradiation is 6.14 𝑘𝑊ℎ/𝑚2, the annual 
produced energy is 25,740 𝑀𝑊ℎ, saved water is 545 
𝑚𝑖𝑙𝑙𝑖𝑜𝑛 𝑙𝑖𝑡𝑟𝑒𝑠, the reduced CO2 emissions are 23,990 
𝑡 [22].  

In April 2023, Indonesia has commissioned the 
operation of a 561 kW FPV on the island of Java. The 
plant is expected to generate 1.4 million kWh in a year 
and reduce CO2 gas emissions by up to 1,304 tons [23]. 
Meanwhile, the biggest FPV plant in Vietnam, in the 
state of Binh Thuan, with a capacity of 47.5 MW, was 
completed back in June 2019 [24]. 

On the other hand, the development of FPV system 
has been rather slow in Malaysia. To the authors’ 
knowledge, there is only one FPV system of 
significant scale which was deployed at Sepang, 
Selangor rated at 13MWp. Nevertheless, several large 
FPV projects were announced to be deployed at 

Sarawak, Melaka, Tioman and Perak in the near 
future. 

IV. ADVANCING FPV IN MALAYSIA 

Globally, the deployment of solar FPV system has 
taken place in an aggressive manner of late as 
presented in the previous sections. Yet, it is known that 
FPV can potentially impact the surrounding 
environment negatively. For instance, Hayibo and 
Pearce stated that the shrinkage of lakes has a negative 
impact on the ecosystem of marine life, the level of 
total dissolved solids (TDS) increases when the lake 
loses water, and at this level, fish species and Lahontan 
cutthroat trout struggle to survive. As a result, the 
migratory birds that hunt the Lahontan cutthroat trout 
will significantly decrease [25]. Hence, this aspect has 
to be taken seriously to ensure minimal impact on the 
marine life in Malaysia in any development of FPV 
projects in the near future.  

Solar tracking system should also be considered to 
boost the output of the FPV in Malaysia. Dawoud and 
Lim have demonstrated that single-axis tracker can 
result in 15% improvement in terms of energy yield 
compared to conventional solar PV system on land in 
Malaysia [26]. It would be interesting to evaluate such 
advantage margin on water.  

FPV is also exposed to the threats of lightning 
strike due to their installations on huge and flat-water 
surface area. This hazard is even more pronounced in 
Malaysia where lightning is significant threat in terms 
of life and infrastructure [27]. Hence, lightning risk 
assessment should be conducted to gauge the level of 
risk that the FPV in a given location is susceptible to 
[28, 29]. Only then, lightning protection system can be 
designed appropriately if necessary. A recent work 
presented by Sobolewski and Sobieska is worth 
referring to in order to design the required lighting 
protection system for FPV [30].  

V. CONCLUSION 

In this paper, recent progresses and developments 
in FPV systems were presented. Actual 
implementations of FPV in various parts of the world 
was deliberated. Potential technical and environmental 
challenges in advancing the deployment of solar FPV 
systems in Malaysia were identified.  
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