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High-Efficiency MPPT Strategies for Floating and Conventional Solar PV: A Simulation-
Based Study
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Abstract: Solar photovoltaic (SPV) systems are an environmentally friendly and recyclable source of renewable energy. Direct connection of solar panels to the load results
in suboptimal power provision. Therefore, getting the maximum performance from the SPV system is essential to improve efficiency. Various techniques have been proposed
to track the maximum power point (MPPT) of the SPV system. Traditional MPPT techniques are usually limited to uniform weather conditions. This paper presents a
comprehensive comparative analysis of Maximum Power Point Tracking (MPPT) techniques employed in conventional and floating solar photovoltaic (PV) systems. The
study examines various MPPT techniques, including perturb and observe (P&O), particle swarm optimization (PSO), and artificial neural networks (ANN), in both conventional
and floating solar photovoltaic systems. The simulations were performed in a MATLAB/Simulink environment. The results of the comparison of MPPT algorithms in this study
show that all these algorithms display very high-efficiency rates, generally above 97%, indicating good overall performance of MPPT systems. Still, the ANN and PSO
techniques remain at the top. It is also worth noting that FPV systems tend to produce more power than LPV systems, particularly in the summer.
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1 INTRODUCTION

Photovoltaic (PV) systems are considered more
efficient than other renewable energy sources due to their
environmental and economic advantages. PVs represent
the most promising renewable energy source because they
are clean, inexhaustible, low-polluting, and require little
maintenance. The main advantages of PV systems are that
they contain no moving parts and do not generate noise. PV
systems convert solar energy obtained from the sun into
electrical energy. PV systems have lower efficiency
compared to other renewable energy sources.

Solar energy is a plentiful and universally available
resource, and photovoltaic (PV) systems represent one of
the most widely adopted technologies to exploit it. PV
modules are recognized for their efficiency, sustainability,
and minimal environmental impact [1]. Nonetheless,
traditional solar installations demand considerable land
surface, which is an increasingly valuable asset.
Leveraging large bodies of water for PV deployment can
mitigate both land usage and operational expenses
associated with energy production. As a result, floating
solar PV (FPV) systems emerge as a viable and cost-
effective alternative for maximizing solar energy
utilization while improving the overall economic viability
of solar projects. Research indicates that floating PV
systems not only help address land scarcity but also
achieve an average efficiency that is 11% greater than that
of land-based PV (LPV) system [2]

Floating solar systems take advantage of the natural
cooling effect of water, which improves their energy
conversion efficiency and leads to higher electricity output
compared to ground-mounted or rooftop PV installations
[3]. These systems generally exhibit superior performance
compared to conventional land-based PVsystems. The
efficiency of a photovoltaic system, including the impact
of various losses, is often measured using the performance
ratio (PR). Because water cools, lowering temperature-
related efficiency losses, FPV has the highest PR, usually
between 0.75 % and 0.85% [4]. In contrast, the inland
photovoltaic systems generally show lower PR values,
ranging from 0.65 % to 0.78 %, due to greater exposure to
dust accumulation and elevated operating temperatures.

Systems typically achieve the highest specific energy
yield, while the other systems tend to have the lowest yield.
Floating PV systems experience the lowest temperature-
related energy losses due to the natural cooling effect of
water [5]. In comparison, LPV systems are more
susceptible to temperature losses, as they are fully exposed
to direct sunlight and lack any form of passive cooling. A
similar pattern is observed with soiling losses: LPV
installations are more prone to dust and dirt accumulation,
whereas FPV systems benefit from reduced particulate
buildup due to their waterborne placement [6]. However,
because FPV setups require floating electrical components
and are often situated further from the shore, they tend to
incur slightly higher transmission losses compared to LPV
systems, which benefit from direct land-based connections
(Tab. 1).

Table 1 Comparative performance analysis of FPV and LPV systems

Parameters FPV LPV
Performance ratio
(PR %) 0,75-0,85 0,65-0,78

Specific yield High Low
Temperature losses Low High
Soiling losses Low High
Shading losses Low Low
Transmission losses Medium Low

Solar energy primarily depends on temperature and
solar radiation conditions [7]. With slight changes in solar
radiation and temperature values, the maximum possible
power generation of a solar PV system will also change. To
enhance power output and improve the system's
photovoltaic (PV) efficiency, maximum power point
tracking is crucial [8]. Typically, a boost converter is
linked between the load and the PV sources to facilitate the
connection of an MPPT controller, which tracks the
maximum power point (MPP). Many algorithms have been
developed, but traditional methods such as perturb and
observe (P&O) and incremental conductance (INC) are
widely used due to their simplicity. However, these
methods suffer from high energy losses. The development
of computing power and microcontrollers has led to the
emergence of techniques such as fuzzy logic controller
(FLC) [9], particle swarm optimization (PSO) artificial
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neural network (ANN) [10], Adaptive Neuro-Fuzzy
Inference System (ANFIS) , hybrid models and others.

However, choosing an MPPT for a particular PV
system design and situation can be confusing, as each
approach has advantages and disadvantages. This paper
aims to conduct a comparative study to identify the most
effective MPPT methods, including perturb and observe
(P&O0O), Incremental Conductance (InC), particle swarm
optimization (PSO), and artificial neural networks (ANN),
for both floating and conventional PV systems [11]. The
MATLAB/SIMULINK platform used to model and obtain
results shows that the ANN technique provided significant
advantages over other proposed techniques.

2 FLOATING PHOTOVOLTAIC SYSTEM (FPVs)

Floating photovoltaic (FPV) systems are an innovative
approach to generate renewable energy by installing solar
panels on bodies of water, including lakes, reservoirs,
ponds, and even oceans. Unlike traditional land-based solar
farms, FPV systems are installed on floating structures that
are fixed to the bottom of a water body or the coast. These
floating platforms are designed to support the weight of
solar panels and other related equipment, provide stability,
and withstand various weather conditions, including wind
and waves. Solar panels use the photovoltaic effect to
convert sunlight into electricity, similar to land-based
systems. The electricity generated is transmitted via
submarine cables to land facilities, which can be
incorporated into the grid or used to power nearby areas
[12].

A typical FPV system comprises several key
components, each serving a specific function to ensure
efficient energy generation and system stability, as shown
in Fig. 1.
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Figure 1 The basic components of the floating photovoltaic system

Floating platforms are the foundational element of
floating photovoltaic (FPV) systems, providing the
necessary buoyancy and stability for solar panels. These
platforms are typically constructed from durable materials
such as high-density polyethylene (HDPE), which are
designed to withstand the challenging conditions of aquatic
environments. The solar panels used in FPV systems are
similar to those found in land-based installations and are
securely mounted on these floating structures. To ensure
the stability of the floating platforms, anchoring and
mooring systems are essential. These systems prevent the
platforms from drifting due to wind or water currents. They
are usually customized to suit specific site conditions,
considering factors like water depth, wave action, and soil
type.

Additionally, underwater cables play a critical role in
transmitting the electricity generated by the solar panels to
onshore facilities. These cables are engineered to resist
water ingress and mechanical damage, ensuring reliable
electricity transfer. Inverters are another vital component

of FPV systems, responsible for converting the direct
current (DC) produced by the solar panels into alternating
current (AC), which is compatible with the electrical grid
or can be used by end-users. Finally, monitoring and
control systems are implemented to oversee the operation
of the FPV installation [2]. These systems ensure optimal
performance by providing real-time data on energy
production, weather conditions, and overall system status,
allowing for efficient management and maintenance of the
FPV system.

Floating photovoltaic systems (FPV) offer numerous
advantages for renewable energy production. They allow
for the exploitation of solar energy while preserving
agricultural or urbanizable land, which is particularly
useful in densely populated areas. Installed on water, FPVs
benefit from a natural cooling effect, improving the
efficiency of solar panels and reducing the risk of
overheating. Moreover, they reduce water evaporation,
limit algae proliferation, and can be integrated into
hydroelectric dams for combined and stable energy
production. Their reduced exposure to dust decreases
maintenance needs. However, FPVs also have
disadvantages. Their installation requires specific floating
structures, costly anchoring and fastening systems.
Maintenance on the water is more complex, and
components can suffer degradation due to corrosion,
biofouling, and climatic conditions [13]. These systems
can also disrupt aquatic ecosystems and pose increased
electrical risks due to the constant proximity to water.
Thus, despite their high potential, rigorous design and
maintenance are essential to ensure their sustainability and
safety.

3 MODELLING OF THE OVERALL SYSTEM
3.1 PV Panels

The output current (/) of the PV cell is given by Eq. (1)
[14]:

x(V+1-R, V+I-R,
Izlph—[0'£exp([%JJ—1]—;T (1)

where: I is the solar cell current; Iy, Is is the saturation
current of the diode (A); V' is the output voltage of the PV
cell (V); R, is the series resistance (Q); Ry, is the shunt
resistance (Q); n represents the ideality factor of the
diode; q is the charge of electron (1.60217 x 107" C) and
K is the Boltzmann constant (1.3807 x 102 J/k).

The photocurrent (/) is proportional to the solar

irradiance and varies with temperature. It is represented in
Eq. (2):

G

Iph = (Isc,ref +a; - (T Tref )) - (2)
Gref

where: [ ¢ is the short-circuit current at reference

conditions; ¢; is the temperature coefficient of short-
circuit current and G, and T, are representative of the

reference irradiance and temperature, respectively.
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The reverse saturation current (/,) is temperature
dependent and defined as Eq. (3):

3
T q-E 11
10=Io,ref-[—J exp| - -(———B ()
T;ef n-k T;ef r

where: E, is the bandgap energy of the semiconductor.

Photovolatic modules are the fundamental building
blocks of solar power systems. Each module consists of
multiple PV cells elecrically interconnected to achieve the
desired voltage and current ratings. The output current of
the PV module is governed by Eq. (4) [15]:

ver-r-Ns
Np
[=1y-N,~Iy.-N, | exp:| ~————F2 |1

P n-k-T-N,
“4)
V+I-R, &
_ p
N,
Rsh"NiS
p

Fig. 2 and 3 show the properties of the PV module
under various temperatures and solar radiation levels.
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Figure 2 a) |-V curves at 25 °C for different irradiation levels; b) P-V curves
under the same conditions
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Figure 3 a) |-V curves at 25 °C for different irradiation levels; b) P-V curves
under the same conditions.

3.2 Boost Converter

The boost converter is a switch-mode regulator that
converts an unregulated DC voltage into a regulated DC
output. Fig. 4 illustrates the components of a boost
converter, which include a switch (such as a transistor or
MOSFET), a diode, a filter capacitor, an inductor, and a
resistor.

In a boost converter, the input voltage (V; ) and output
voltage (V) are mathematically related as follows Eq. (5):

Vo _
71‘_ Q)

Figure 4 Schematic representation of the DC-DC boost converter

4  MAXIMUM POWER POINT TRACKING (MPPT):
DIFFERENT TOOLS
4.1 Perturb and Observe (P&O0) Algorithm

Due to its simplicity and ease of implementation, the
Perturb and Observe (P&O) technique is the most
commonly used method (Jain et al., 2018). The maximum

power point is obtained when % =0 Ll =0.

dv

The basic working principle of the P&O method is that
when AP is positive and AV is positive, the increase
continues in the direction of the MPP. If AP is positive
and AV is negative, the MPP continues to increase, but in
the opposite direction. If AP is negative and AV is
positive, the MPP continues to grow from the opposite
direction. If AP is negative and AV is negative, the
increase continues in the same direction as the MPP until

the maximum power p is reached. Fig. 5 shows the
flowchart of the P&O algorithm.

Read V(k) and I(k)

AP=P(k)-P(k-1)
AV=V(k)-V(k-1)

[ D(k)=D(k-1)+ AD ] [ D(ky=D(k-1)- AD ] [ D(k)=D(k-1)- AD ] [ D(ky=D(k-1)+ AD ]

Figure 5 Flowchart of P&O technique
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4.2 Incremental Conductance (InC) Algorithm

The incremental conductance (INC) algorithm was
proposed to overcome some shortcomings of the P&O
algorithm. The principle of the algorithm is to deduce the
position of the operating point relative to the maximum
power point based on the knowledge of the conductance
and the conductance increment. The duty cycle is reduced
if the conductance increment is greater than the opposite
conductance. On the other hand, if the conductance
increment is less than the opposite conductance, the duty
cycle is increased. This process is repeated until the
performance point is reached. Fig. 6 illustrates the
flowchart of the P&O algorithm that describes the
principle.

Start

ki
Read V(k) and I(k)

AV =V(k)-V(k-1)
Al=I(k)-I(k-1)

Vre/(k)= Vre/(k)= Vyer(K)= Vyer(k)=
Vres®D)-aV || V,epGcD)-av VregGeD) -aV [ V,pp(D) + av

} I l

I(k-1) = I(k)

V(k-1) = V(k)

Figure 6 Flowchart of InC technique
4.3 Particle Swarm Optimization (PSO) Algorithm

The particle swarm optimisation (PSO) algorithm was
developed by Kennedy and Eberhart in 1995 (Abdulla,
2021). The algorithm is based on a swarm that moves
randomly in the search space. Each element in the swarm
is referred to as a particle, and the speed and position of
these particles are tracked. The particles move at a certain
speed to reach the best position of the swarm. Based on the
particle's best position and the swarm's best position, the
value is updated in each iteration to reach the optimal
solution [16].

The PSO algorithm randomly determines the initial
position of the first particle, then guides its subsequent
particles to search for the optimal value by updating their
positions. In each iteration, each particle updates its
position based on the best solution of the best local value
( Ppest ) and the best solution based on the global population

( @pest )- Then, the velocity and position of the particle are

updated using Egs. (6) and (7). The parameters of the PSO
algorithm are shown in Tab. 2. In addition, the flowchart
of the PSO algorithm is shown in Fig. 7.

v (1+1)=w-v; (t)+¢, - rand, '(pbest,i X (t))+

(6)
+c, -rand, ~(gbest —X; (t))

x (t+1)=x(¢)+v, (1+1) @)

where v, (¢) is the velocity of i™ particle, x;(¢) is the
position of in particle, ¢ is the current iteration, w is the
inertia weight, rand, and rand, are the random ( between
Oand 1), ¢, and c, are the cognitive and social coefficients,
respectively, ppey ; 18 the best position of each particle

and g 1s the best position among all particles.
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Figure 7 Flowchart of PSO technique

4.4 Artificial Neural Network (ANN) Algorithm

Artificial Neural Networks (ANN) are one of the most
commonly used machine learning techniques in various
applications. Compared to traditional methods, this
technique offers several advantages. It is a computational
model that requires training data to provide estimated
outputs. In this paper, an artificial neural network (ANN)
is employed to calculate the maximum voltage of a
photovoltaic module, utilising solar irradiance and
temperature as inputs. The training data is based on real
measured and recorded signals [17].

The steps involved in creating an ANN are as follows:
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Collecting data;

Selecting the ANN structure;

Training the ANN;

Testing the ANN.

Fig. 8 presents the overview of ANN in MPPT, where
the inputs are solar temperature and irradiance. The neural
network is targeting output is the DC-DC converter's duty
ratio. For every solar temperature and irradiance
fluctuation, the network outputs a specific duty ratio to
reach the maximum power point.

Hidden
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Figure 8 Structure of the used ANN

The Simulink model consists of an input layer with
two neurons, a hidden layer with ten neurons, and an output
layer with one neuron. The model is analysed using the
Levenberg-Marquardt method. Fig. 9 shows the neural
network model.

Hidden Layer Output Layer

Figure 9 Layout of Trained ANN model
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Figure 10 Regression plot of the ANN model

The Levenberg-Marquardt back-propagation
algorithm is used to train neural networks. Fig. 10 shows

the regression curve of the ANN-MPPT model training
performed in this work. It can be seen that the coefficient
(R) equals 1 (R=1), indicating that our ANN-MPPT model
training was 100% successful.

5 RESULTS AND DISCUSSION

Following the modelling of the photovoltaic (PV)
system, MATLAB/Simulink software was utilized to
perform a detailed comparison of the Perturb and Observe
(P&O), Incremental conductance (InC), Particle Swarm
Optimization (PSO), and Artificial Neural Network (ANN)
maximum power point tracking (MPPT) technologies.
These comparisons were conducted for both floating
photovoltaic (FPV) and land-based photovoltaic (LPV)
systems to evaluate the effectiveness and adaptability of
the MPPT techniques under diverse environmental
conditions.

In this analysis, real-world data were collected for
average solar irradiation, temperature and wind speed (Fig.
11, Fig. 12, and Fig. 13) values at a selected site, ensuring
a realistic representation of the environmental variables
affecting the PV systems. This data set encompasses the
four distinct seasons winter (December, January and
February), spring (March, April and May), summer (June,
July and August) and autumn (September, October and
November) providing a comprehensive view of the
system's performance throughout the year.

The FPV and LPV systems were tested under identical
environmental inputs to allow a fair comparison of the
MPPT techniques. Seasonal variations, such as the lower
solar intensity in winter and the higher temperatures in
summer, were particularly considered to understand the
impacts on energy extraction and system efficiency. These
seasonal effects and the performance differences between
the two PV setups are illustrated in Fig. 12 and Fig. 13,
which show the comparison of power outputs and tracking
efficiency for the MPPT methods.
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Figure 11 Temperature profile in both inland and at sea places
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Figure 12 Solar irradiation profile in both inland and at sea places
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Figure 13 Wind speed profile in both inland and offshore places

By leveraging these results, the study provides insights
into the suitability of P&O, InC, PSO, and ANN
technologies for floating and conventional PV
applications, emphasising their potential advantages and
limitations under varying climatic conditions.

According to Fig. 11, overall, inland temperatures are
consistently higher than offshore temperatures, particularly
during the summer months (May to September), where the
difference can reach 2 to 3 °C. Fig. 13 clearly illustrates the
influence of geographical location on annual solar
irradiation, with an offshore site consistently favoured over
an inland site, possibly due to more favourable atmospheric
conditions or the proximity to water, and depending on Fig.
14, the inland and offshore sites show a similar seasonal
variation: stronger in winter, weaker in summer. For the
offshore place, the sea winds are often more regular and
stronger, the absence of obstacles (buildings, forests,
terrain) allowing for a higher speed. About the inland
place, the roughness of the terrain and obstacles reduce the
average wind speed.

5.1 Results of the Simulation in Four Seasons in Both
Systems: Floating and Inland

Fig. 14 illustrates the power production in the land-
based PV system during 4 seasons with the four types of
MPPT algorithms. Fig. 15 depicts the power generation of
the floating PV system during the four seasons using
various MPPT algorithms.

Table 2 Power results comparison among P&O, INC, PSO and ANN MPPT
techniques
P&O PSO ANN INC

FPV | CPV | FPV | CPV | FPV | CPV | FPV | CPV
Winter | 2430 | 2376 | 2542 | 2492 | 2561 | 2514 | 2430 | 2389
Spring | 2957 | 2919 | 3085 | 3068 | 3099 | 3051 | 2957 | 2934
Summer | 3564 | 3404 | 3622 | 3431 | 3581 | 3176 | 3564 | 3411
Autumn | 2617 | 2534 | 22672 | 2591 | 2649 | 2466 | 2617 | 2542

Table 3 Efficiency (%) results comparison among P&0O, PSO and ANN MPPT
techniques
P&O PSO ANN INC

FPV | CPV | FPV | CPV | FPV | CPV | FPV | CPV
Winter | 97,4 197,34 (97,36 | 97,3 [ 97,43 97,37 | 97,4 | 97,09
Spring | 97,86 | 97,59 197,83 [ 97,82 | 97,87 | 97,83 | 97,86 | 97,61
Summer | 97,22 | 97,14 | 98,16 | 98,05 | 98,16 | 97,96 | 98,02 | 97,89
Autumn | 97,28 | 97,5 197,49 | 97,41 | 97,5 | 97,38 | 97,38 | 97,27
Average | 97,441 97,39 197,71 | 97,64 | 97,74 | 97,63 | 97,66 | 97,46

In each case, all the algorithms quickly reach the
maximum power point, generally in less than 0.1 seconds,
but with notable differences in terms of stability and
efficiency. The ANN (in blue) and PSO (in green)

algorithms consistently achieve a higher and more stable
final power, reflecting better accuracy in tracking the
maximum power point. Conversely, the P&O algorithm (in
yellow) proves to be the least effective, with more
pronounced oscillations and lower power. The INC
algorithm (in red) shows intermediate results.
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Figure 14 Power production for the three techniques in the LPV system for: (a)
winter; (b) spring; (c) summer and (d) autumn

Based on convergence speed, stability, maximum
extracted power, and average efficiency and power
metrics, the ANN (artificial neural network) algorithm
appears to be the best overall algorithm for both FPV and
LPV systems. It offers superior or comparable
performance to other algorithms in most seasonal
conditions, characterized by rapid convergence, excellent
stability, and very efficient maximum power extraction.
The PSO algorithm is a very close competitor, often
performing similarly to the ANN, but the ANN seems to
have a slight overall advantage. P&O and INC, although
functional, show limitations in terms of stability and
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convergence speed compared to algorithms based on
artificial intelligence (ANN, PSO).

It is also worth noting that the FPV system exhibits a
higher overall performance gain than the LPV system
across all seasons, due to its lower temperature profile,
smaller shading area, and better cooling capacity compared
to the other systems.
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Figure 15 Power production for the three techniques in the FPV system for: (a)

winter; (b) spring; (c) summer and (d) autumn

5.2 The Temperature Effect

Fig. 16 represents the temperature in the four seasons
in the floating and the inland systems. It compares the
average seasonal temperatures between two types of
locations: seaside and inland. We observe the temperature
variations for each season: winter, spring, summer, and
autumn. In winter, the temperatures are the lowest, around

15 °C seaside and 14 °C inland, indicating a slight
difference favoring the coastal areas. In spring,
temperatures rise slightly, with 17 °C for the coast and
18 °C inland, showing a slight thermal superiority of the
inland areas this time. In summer, the difference becomes
more pronounced: inland areas reach around 28 °C
compared to 26 °C for seaside areas, confirming a warmer
trend inland. In autumn, temperatures drop again, with
24 °C offshore compared to 23 °C inland, where coastal
areas become slightly warmer again. Generally speaking,
inland areas experience greater temperature fluctuations
according to the seasons, with hotter summers, while
offshore areas enjoy a more moderate and stable climate.
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Figure 16 Temperature profile in both inland and sea places for four seasons

Temperature is a crucial factor that affects the
maximum power of a PV module. High temperatures
reduce efficiency and power.

From the previous figures (Figs. 14 and 15)
representing the performance of MPPT algorithms under
variable conditions, it is observed that temperature has a
notable effect on the power produced by the floating PV
system. An increase in temperature leads to a slight
decrease in the maximum extracted power, which is
consistent with the known behavior of photovoltaic cells.
Despite this, the ANN and PSO algorithms show better
stability in the face of thermal variations. They manage to
maintain a more constant and higher power, even when the
temperature varies. On the other hand, the P&O and INC
algorithms are more sensitive, with a more pronounced
drop in power and more oscillations. This underscores the
importance of choosing a robust MPPT algorithm in
environments subject to thermal fluctuations. Thus, PSO
and ANN prove to be more suitable for optimal operation
in real-world conditions.

6 CONCLUSIONS

Solar power systems are increasingly popular for
generating clean electricity, but face challenges such as
weather-related power fluctuations and shadowing.
Therefore, tracking algorithms are essential for optimising
energy production.

This paper compares three algorithms, namely P&O,
InC, PSO, and ANN, for the floating and conventional
solar PV systems. These techniques have been developed
and tested in a MATLAB/Simulink environment; based on
the simulation, it can be concluded that for both types of
systems and all algorithms, the power produced varies
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significantly depending on the seasons, with maximum
power in summer and minimum power in winter. It is
consistent with the variations in sunlight throughout the
year.

FPV systems generally generate more power than CPV
systems, especially during the summer, as mentioned in
Tab. 2. This is likely due to the natural cooling effect of
water used in FPV systems. The ANN and PSO algorithms
typically show the best performance in most cases, with
average efficiencies of 97.63% and 97.64% for the CPV
system, and 97.74% and 97.71% for the FPV system,
respectively, as it is summarized in Tab. 3. The INC
algorithm outperforms the P&O algorithm, with a
difference of 0.07% in the CPV system and 0.22% in the
FPV system.
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