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Abstract 
 
The global electricity demand has been increasing in recent times due to 

industrialization and social concerns and Floating Photovoltaic (FPV) 

systems have drawn global attention to meet demand by rapidly lower prices 

and technological progress. Moreover, India's FPV is a PV system used for 

generating electricity and for the use of dams or offshore places. This study 

aims to assess the performance of the FPV system and the MPPT control 

system. The FPV system is designed to meet load requirements, save space 

and ensure that water from the dam or ocean does not evaporate.  The data 

were collected and analyzed using PvSyst software on the Navy site of 

Vishakhapatnam in the region of India. FPV generates electricity and 

supplies the electrolyzer with excess solar energy, which is stored in the 

hydrogen form. The generated hydrogen is stored in a fuel cell hydrogen tank 

to meet the fuel cell load requirement. In different environmental conditions, 

the MPPT controller is used to extract maximum power from FPV.  The 

Mayfly algorithm is used for extracting maximum power from the FPV using 

a FOPID control unit. MATLAB implements the proposed system and  
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evaluates its performance. This method is compared with existing procedures 

such as the Gray Wolf Optimization Algorithm (GWO), Whale Optimization 

Algorithm (WOA), and the Particle Swarm Optimization Algorithm (PSO). 

 

Keywords:Floating PV system, PvSyst, maximum power point, FOPID 

controller, mayfly algorithm, irradiance, and fuel cell 

 

1 Introduction 
 

Energy security and global warming are two issues that concern the 

growth of energy demand. The ability of renewable energies to improve 

energy security and reduce greenhouse gas emissions in many different 

business areas around the world is emphasized compared with conventional 

fossil fuels. However, the main obstacle to renewable energy alternatives lies 

in the fact that fossil fuels are still relatively cheap [1]. Therefore, it is not 

only environmental factors but also economic advantages and social 

protection that are important to consider when evaluating suitable 

alternatives. The use of broad areas of land to generate electricity is required 

in most renewable energy technologies. The technology differs in terms of 

impacts on agricultural areas. Various sources of renewables such as 

photovoltaics (PV), wind turbine (WT), biomass, tides, geothermal, and 

hydropower [2]. 

In particular, due to the low solar energy density, a larger surface area is 

required for photovoltaic (PV) systems [3]. Onshore PV plants can provide a 

large area for large installations for medium and large power plants, but they 

will enforce competitiveness on land resources using a large quantity of land 

for solar power plants. There is a choice between 1) using or jointly 

developing the concept of photovoltaic farming or the same terrain as 

photovoltaic and conventional farming, and 2) strengthening photovoltaic 

energy use research on the surface or underwater (e.g., lakes, artificial basins, 

oceans) [4]. Both of these water solutions are referred to as a floating 

solution and an immersion solution. Many ways are available to classify 

these systems as following: size, mooring, PV technology, tracking presence 

or absence, etc. About photovoltaic modules: flat and rigid (mainly made of 

Si crystals) photovoltaic modules or flexible, photovoltaic, floating 

photovoltaic (T3F-PV) arrays [5]. 

Floating photovoltaic power generation in recent years has been 

concentrated to offset the demand for load in the grid system. Floating panels 

also have many advantages, like reducing water drainage and preventing PV 

panels from placing themselves [6]. In Europe's distributed energy producer 

[8], we see that storage systems are not only used for reducing inadvertent 

grid emphasis, but also for the use of renewable energy systems in recent 

developments, future situations, and trends associated with grid-connected 

renewable energy systems and floating photovoltaic systems [7] [8]. The 

main storage technology used for photovoltaic systems that are stand-alone  
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and grid-connected is based on batteries. However, other solutions like 

storage by water/seawater and air energy storage can also be considered, 

given the fact that different types of energy storage systems (ESS) can 

compare the life cycle assessment [9] [10]. However, load management is an 

essential task in floating photovoltaic systems. A meta-heuristic algorithm 

has recently been introduced to control the maximum energy tracking of 

floating solar energy to control environmental issues. It is also essential to 

use this control technology. 

The rest of the documents are followed as below. In section 2, the recent 

literature review analysis is presented and the section 3, the proposed 

methodology is presented. Section 4 and 5 have results discussions and the 

conclusion part is mentioned.  

 

2 Related Works 
 

Many different designs with floating PV and combined architecture are 

designed by researchers. Some of the methods are reviewed in this section.To 

best integrate the hybrid renewable energy system in a representative shrimp 

farm, Pietro EliaCampanaet al. [11] evaluated different photovoltaic float 

generation scenarios. Floating and floating photovoltaic tracking systems, in 

particular, were considered a solution to the energy needs of shrimp farms by 

using solar power. The following renewable energy systems, photovoltaic, 

wind turbine, off-grid, network-associated hybrid energy systems, floating 

and photovoltaic hybrid energy systems, and floating photovoltaic hybrid 

energy systems, were assessed through the development of dynamic 

technical and economic simulation and optimization models. Floating 

photovoltaic generating systems have shown considerable impacts on 

decreasing the loss of evaporation from the viewpoint of water energy 

relations, even though energy saved by pumped water was moderate because 

of low water heads. Nevertheless, the proposed method of synergy between 

food water and power generation underlines the key solution for shrimp 

farming in terms of its environment, which is the integration of floating 

photovoltaic generation. 

Li Ruiet al. [12] suggested a solar floating adsorption chiller combined 

with a heat pump system in the river. A multifaceted optimization model was 

proposed for heating and cooling solar hybrid heat pump systems based on 

system simulation. The system carried out comprehensive energy, economic 

and environmental analysis to calculate the use of primary energy and the 

annual average overall cost. To minimize these objectives at the same time, a 

multi-target optimization model was developed using genetic algorithms. In 

multi-dimensional preference analysis (LINMAP), the linear programming 

technique was used to select the best location on the Pareto frontier. A 

sensitivity analysis was also performed to assess the impact on the Pareto  
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frontier of the optimum solution on fuel costs, capital costs for innovative 

components, and annual interest rates. 

The successful manufacture of a three-layer composite solar evaporator 

with carbon nanotubes (CNSs) as the photothermal layer, silver nanowires as 

the preheating layer, and glass fibers as the isolating layer, Zhao Xinzhenet 

al. [12] proposed to be implemented. The solar evaporator offers excellent 

absorption of solar energy and light-to‐ heat conversion and can reach 106°C 

under solar radiation intensity at a surface temperature of a dry evaporator. 

The evaporator's pure evaporation rate was 1.70 kg/m
2
h and 95 percent 

respectively, with solar evaporation efficiency. The addition of silver 

nanowires as the pre-heating layer can efficiently reduce the thermal energy 

loss of the thermal layer as the heat source and evaporation area based on the 

multi-layer composite structure of the vapor. 

A floating ecological film, the functions of heat and mass transmission 

were analyzed by Wang Qiushiet al. [14]. The film consists of a floating 

transparent material that collects sunlight and produces fresh water in 

multiple cavities with a special inner structure. The film not only produces 

freshwater using the solar energy but also has sufficient additional space to 

cultivate crops. This film can therefore implement the concept of floating 

farming on the sea. The functioning principle of the thin film and the solar 

desalination process energy analysis has been introduced. It also provides 

optical simulations in the internal structure of the device, for the calculation 

of intensive and computational liquid dynamics for the heat and mass 

transfer. Provides many parameters and ways to improve the structure of the 

system and the performance of the heat release system. Finally, the link 

between operating temperature change, water production, and solar heat 

conversion efficiency changes in different solar radiation terms and at 

different times is examined by testing the performance of the actual 

equipment. 

Moh'd A. Al-Nimret al. [15] have examined the behavior, using an 

organic photovoltaic and thermal concentrated (CPV/T) photovoltaic system 

(PV/T) integrated with a geothermal condenser and energy storage unit, of a 

solar system. The unit consists of an electrolyzer and a fuel cell (PEM) for 

the exchange of protons. The photovoltaic electrolyzer and ORC produce 

impure water with hydrogen and oxygen. PEM fuel cells are used to recover 

and convert the chemical energy produced. A general mathematical model 

with a steady-state was proposed and simulated. The data used for the model 

study, however, were for Jordan.  

Industrialization and population growth have resulted in a sharp rise in 

demand for energy. Since energy generation remains strongly based on 

conventional power stations, the pressures on fossil fuel resources are 

enormous. The price of conventional energies has increased sharply due to 

the limited nature of fossil fuels. Moreover, greenhouse gasses are emitted 

and contributing to global warming by fossil fuel plants. Alternative energy  
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sources that generate clean, green, and affordable electricity have therefore to 

be found to meet the growing energy demand. Economic strategies for 

reducing greenhouse gases and reducing global warming need to be adopted. 

Solar energy as a source of energy generation is a viable alternative. The sun 

is an eternal source of energy, and solar power converting to electricity is one 

of the most popular ways of addressing a growing economy's energy needs. 

Due to the inherent advantages of such projects, it is necessary to promote 

floating photovoltaic projects in the country. Solar energy is an inexhaustible 

and inexhaustible main energy source, among which greenhouse gas 

emissions and pollution are almost zero. Commercially proven photovoltaic 

technology has been floating, with large-scale PV projects underway since 

the last decade. Floating PV technology is an attractive alternative solution 

that can solve the problem of higher solar costs as land prices rise. Floating 

power is produced by the installation of a body of water with floating 

machinery of a photovoltaic solar system for generating energy. Solar plants 

can be built on water systems to substitute land using this technology. 

Floating photovoltaic systems are gaining rapid attention as a result of land 

scarcity. In combination with battery storage systems, the intermittent nature 

of renewable energy can meet the high demand. To improve system 

performance, the energy storage system must also be introduced within the 

floating photovoltaic system and the control system. 

 

3 Proposed System Model in Floating PV System 
 

The use of renewable energy has been attracted in recent years to avoid 

environmental problems and reduce fossil fuel consumption. PV systems in 

particular limit their complexity because of their characteristics and cannot 

save land for large-scale applications. In many applications, photovoltaic 

power systems, therefore, are used. This article, therefore, concentrates on 

floating photovoltaic systems to save the land and achieve high efficiency. 

The environment may be affected by floating PV (such as global and local 

irradiance changes). Environmental conditions can impact and improve the 

performance of floating photovoltaic systems. Floating PV performance is 

fully degraded by environmental conditions without offsetting the load 

demand on the load side [16]. The photovoltaic system solved by MPPT 

controllers also has a partial shade condition. The MPPT controller can 

reduce the effect of the environment and manage partial conditions of 

shadow perfectly [13]. The FOPID controller-based Mayfly algorithm is 

designed for improving the system performance and for monitoring the 

maximum power consistently in a floating PV system. Floating photovoltaic 

systems can also produce extra power concerning load needs that have to be 

perfectly handled. Power management is therefore also considered the 

fundamental requirement of floating photovoltaic systems. The proposed  
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method and storage device can achieve these goals (power management and 

maximum power tracking). Fig. 1 shows the fully proposed architecture for 

the floating photovoltaic system. 

Initially, photovoltaic floating plants were deployed in all water 

resources to generate electricity to meet load demand on the side of the load. 

A power management controller and an MPPT controller constitute the main 

purpose of the proposed floating photovoltaic system. The storage devices 

like electrolyzers, hydrogen fuel cells, and hydrogen tanks can be used to 

manage power. In comparison to the demand for the load, if the fluid solar 

system produces a lot of energy, this extra energy is transmitted to the 

electrolyzer. The electrolyzer is used to store hydrogen in surplus storage 

space. The hydrogen is then stored in a tank of hydrogen. If the demand for 

the load cannot be offset by the demand, hydrogen is currently being shipped 

to the fuel cell to supply the energy needed for the load. The next section 

presents the modeling of photovoltaic floating systems 

 

Floating PV

DC-DC boost 

converter

PV(I) PV(V)

Power calculation

PWM

Ref (P)

Pulses

DC bus

FOPID controller

Loads

Power 

calculation

Hydrogen Tank

Hydrogen Fuel 

cell

Proposed MPPT controller Power management

Mayfly Algorithm

 
Figure 1 Proposed System Architecture with a floating PV system 

 

3.1 Modelling of the Floating PV System 
 

The general mathematical description of PV cells is presented in this 

section. A photovoltaic cell is a device capable of generating electrical  
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energy through radiance from sunlight. Photovoltaic panels are known as 

sustainable energy [17] collect the energy of sunlight. Floating photovoltaic 

systems can be designed to consume semiconductor panels and 

semiconductor panels absorb sunlight energy photons and ignore all electrons 

producing n atoms based on the difference in behavioral potentials. It can 

process electrical power in association with atomic behavior, which is used 

in many applications and can generate electrical power. To maximize PV 

power, the MPPT controller must be designed to avoid environmental 

problems. Fig. 2 shows the general model of the photovoltaic floating 

system. Parallel resistors, photocurrent, and equivalent circuit diodes have 

been developed to provide a leakage current as well as internal resistance that 

promotes the flow of current into the photovoltaic panel. 

 

 
 

Figure 2 General design of floating PV system 

 

The current also the voltage of a solar cell is represented as the following,  
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Where,  
ph

I can be described as is the electric current of PV 

I can be defined as a current of PV panel,  Cq
19

10*6.1


  can be 

considered as electron charge,  

T can be considered as the temperature of each cell in the PV panel, 

N can be defined as the ideal factor of PV 

sh
R can be described as shunt resistance 

s
R can be described as series resistance 
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oc
V can be described as open-circuit voltage 

 Determine and control the solar panel model by the irradiation range. 

Each solar panel can be operated instantly using the collected database with 

different radiation levels. The power output of the DC-DC converter has 

changed and can be maintained continuously, thanks to the irradiation, by 

using the appropriate control signal. To maintain the photovoltaic panel's 

specific operating point, the MPPT Controller adapts to the duty cycle (D) of 

the Boost DC converter (mainly at the MPP). In this case, it is used to adjust 

the DC-DC duty cycle according to its input from the proposed MPPT-based 

controller. The maximum power can be obtained by using the FOPID 

controller in the MPPT controller. The mathematics of the FOPID controller 

is presented in this section. 

 

3.2 FOPID Controller 
 

The integrated controller proposed to reduce errors of various parameters 

such as current and voltage, FOPID controller is used. Based on 

distinguishing and integrating non-integer orders. Fractional controls can 

work based on differential equations of fractional order. There are three 

different control parameters in the general PID controller, including 

proportional, integral, and derivative control. Increased consumption of 2 

parameters and the forming of a FOPID controller (addition of 2 control 

parameters) can increase the performance of the PID controller [18]. As 

shown below, the FOPID controller can be modeled. The main difference 

between PID and FOPID is that the FOPID controller has two additional 

controls with no integer value for the derivative sequence. This allows the 

adjustment controller to be freer than the traditional PID controllers to 

promote the best dynamics. FOPID controllers have the most efficient 

control of error values of microgrid systems in recent years, compared with 

PID controllers. The FOPID controller mathematical format output is the 

following. 

 ( )     ( )      
   ( )      

  
 ( )   (2) 

 ( )       ( )       ( )                  (3) 

The transfer function of the FOPID controller is presented as follows, 

 ( )     
  

  
    

                  (4) 

The reference value is compared with the current error value, represented 

by ( ), and the system control signal is named as  ( ). The parameters of 

the FOPID controller are five, allowing for the best result in improving 

system performance. The frequency control [19] of the distributed power 

system uses various techniques for adjustment of PID control parameters. 

The idea of control improvement parameters was involved with general-

purpose programs such as the mayfly algorithm. The computational 

complexity of this population-based calculation has been increased by the  
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thinking of hereditary managers. It is therefore used as thrust calculation as 

part of the recursive action of the force microgrid system for demonstrating 

and understanding transformed species. The step length plus the fly direction 

unit length can be defined at random in the mayfly algorithm. This extends 

the optimum time for convergence solutions to guarantee the given problem. 

In this article, the MPPT controlling algorithm for the photovoltaic system is 

provided, and the PV-based integrated system MPPT controller is proposed. 

The following section presents the process of the Mayfly algorithm. 

 
3.3 Mayfly Algorithm 
 

This may be the PSO-like algorithm, but it has GA and PSO advantages. 

Accordingly, the algorithm is called the hybrid structure of the algorithm 

[20] based on the characteristics of a mayfly. Mayfly is inspired by social 

features. It has to do with mating processes in particular. It is assumed that an 

egg has been hatched in this optimization algorithm. The program includes 

adults and the long-life survival of the fittest. The position of each person in 

the search room is considered in this algorithm to be a possible solution for 

the problem [21]. 

The mayfly algorithm process is as follows: The first step in the Mayfly 

algorithm is to alter two groups of Mayfly women and men. Each can be 

placed randomly in a search area, which is called a solution containing a d-

dimensional vector. This is the formulation: 

  (         )        (4) 

Based on the objective function, the size vector is calculated. The Mayfly 

algorithm is used to select the best pulse to improve the MPPT controller for 

the FOPID. Mathematically, the objective function of the system is as 

follows: 

                       (5) 

And the speed can be described as a change of position, as described below 

  (       
 )     (6) 

Each fly interacts dynamically with social and individual characteristics 

of flight. Each Mayfly changes its current path through its current best 

position in this algorithm, and the best position can be achieved through the 

features of the mayfly. The notation's Mayfly features are the following: 

Movement of female mayflies 

The female cannot collect in groups in this algorithm without the male. 

They turned suddenly to men to begin reproducing [22]. The breeding 

features are the following: 

  
      

    
        (7) 

Among these, as   
   can be described as the actual location for females 

in the search space and time is T, as the position of the may vary with speed  
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expressed as a   
 related to the present location. The breeding properties 

shall comply with the following restrictions, 

  
   (         )    (8) 

The process of attraction can be called a stochastic process, thus a 

deterministic process. The best woman must be attracted to the best man 

based on her fitness function. The second male also attracts the second 

woman, and the process goes on. The speed can be expressed as follows for 

the minimization problem, 

   
    {

   
     

      (   
     

 )               (  )   (  )

   
                                                 (  )   (  )

  

 (9) 

Including R, that is to say, random number, [-1, 1], FL is a random 

coefficient, the male attraction for females and thus may be possible to fly 

alone, may be described as random numbers (R).   can be described as the 

equation between the Cartesian distance between male and female (15).  can 

be described to be a fixed coefficient of visibility,    can be described to be 

a positive constant of attraction and    
  can be described as   -female at 

Time. As the speed of the woman may,    
 is described. 

Movement of male mayfly 

The men are in groups, and according to their experience and their 

neighbors, their positions change [23]. The job update is the following: 

  
      

    
        (10) 

Among them, the male's current position is   
  and the male velocity can 

be described as   
    . The breeding features must comply with the following 

restrictions, 

  
   (         )      (11) 

The speed of fly is calculated according to the following equation, 

   
       

     
    (           

 )     
    (          

 )  

 (12) 

The best position can be described as one of them: the best one        , 

the next best one;   ,    can be described, using positive attractions, to 

measure the contribution of the social and cognitive components. The next 

best method is to calculate based on the next equation, 

       {
  
                                         (  

   )   (      )
                                                      

  

 (13) 

The global best solution is computed based below formulation, 

      *                        (     )+     
   * (      )  (      )     (      )+     (14) 

Of these, the total may number of N in the group can be described. 

Distance calculations must be carried out to determine the best location. The  

 



 

 
 

 

 

 

 

 

Floating Solar Analysis with Electrolyzer and Fuel Cell an Efficient Analysis using 

Mayfly Algorithm 2438 

 

distance from the Cart is calculated according to the distance from the 

Cartesian one. 

‖     ‖  √∑ (       
 )
  

      (15) 

Among them,    
  is described as the best world and local element, and 

the present Mayfly element can be described as    . Also, as shown below, 

the best fly changes the speed constantly 

   
       

                              (16) 

Where   can be described as random value and   can be described as nuptial 

dance coefficient.  

 

Algorithm 1: pseudo code of mayfly algorithm 

Objective function based on equation (5) 

Initialized the male mayfly population with FOPID gain parameters 

Initialized female mayfly population with FOPID gain parameters 

Compute solutions 

Compute best global solutions (optimal pulses) 

Do while maximum iteration is reached 

Update the male and female velocity functions 

Compute solutions 

Rank the mayflies 

Mate the mayflies 

Compute offspring 

Male and female separte in offstring 

Update the solutions based on best solutions 

Update global and local best 

End while 

Save the results. 

 

The complete pseudo-code of the mayfly algorithm is presented in 

algorithm 1. 

Movement of the mating process 

The process of mating is a crucial part of the work of the crossover 

operator in the mayfly algorithm. In the crossover, a parent may be selected 

based on a female population relationship and another can be selected based 

on a male population relationship. Thus, the algorithm selects male and 

female parents. A random function or fitness function has to do with the 

chosen procedure [24,25]. The female and the male then reproduce and the 

second female can reproduce with the best. The mathematical formulation of 

the transverse function can be expressed as: 

                   (   )           (17) 
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                     (   )           (18) 

M can be expressed as a random value within a specific range, which 

expresses male parents as male and female parents as females. The initial 

speed can be set to zero during the assembly process. This can be used to 

select the best pulse in the FOPID operation to enhance the MPPT controller 

function. The MPPT controller is designed for improving system 

performance with the Mayfly algorithm. This section describes the 

performance of the approach proposed. 

 

4 Performance Evaluations  
 

The results of the proposed method are verified in this section. The 

method proposed is the analysis of the floating photovoltaic system with an 

MPPT controller to extract the highest power under various environmental 

conditions. The significance of floating solar power also is analyzed in this 

article. PvSyst can be used to test the efficiency of the system in conjunction 

with floating photovoltaic systems by supplying the required energy to meet 

the need for the load. For testing the efficiency of floating PV requirements, 

PvSyst was used. In light of this research, the water evaporation has been 

reduced and the maximum power from the floating PV system has been 

extracted. This section describes how floating photovoltaic systems develop 

and extract maximum capacity. A feasibility study to verify technical, 

economic viability and environmental sustainability analyzed the floating 

photovoltaic system. To meet the required load conditions, hydrogen energy 

storage is also used in the floating PV. PvSyst software has been used for 

technical analyzes of the floating solar system. Diverse types of measuring 

databases can be used for PvSyst software. The MeteNorm database can be 

used to analyze the performance of the MPPT controller and floating PV. 

This information contains information on the monthly measurement 

database. Satellite and ground station database. Database. The hour 

parameters are set extensively as simulation parameters based on 

geographical location parameters. Check the floating PV under various load 

conditions when considering the database. General DC loads were taken into 

account in this study. 

 

4.1 PvSyst configuration 
 

To analyze floating photovoltaic systems, the software has been 

implemented. The PV-module design does not affect the floating structure's 

performance. For example, as shown in Fig.3, 60 PV modules are positioned 

in parallel as 4 PV modules, and 15 PV modules in series. 

Here, the SunPower-P17 350Wp commercial solar structure is selected 

concerning compatibility, price, quality, guarantee and efficiency, and other 

factors. The solar energy collected depends entirely on various factors and  
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functions. The power temperature coefficient is regarded as the main factor 

in floating applications. The overall amount of energy produced depends 

heavily on coordination. The proposed photovoltaic floating plant is at a 

height of 38.4 N, 27.2 E, and a height of 43 m. PvSyst software gets the best 

tilt angle based on geographic coordinates. In this approach, the MPPT 

Controller is implemented in MATLAB/Simulink only in a database 

connected to PVSyst software and is analyzed in performance. The electric 

cell and cell fuel cell can be utilized for the stable operation of the floating 

photovoltaic system if the power generated is less than the load demand 

system. The MPPT controller will be implemented in this section and results 

verified. Table 1 lists the proposed MPPT controller with the implementation 

parameters of Mayfly algorithms. 

 

 
Figure 3 Description of the solar unit in PvSyst [26] 

 

The implementation parameters have been used to design a floating 

photovoltaic cell, electrolyzer, hydrogen fuel, and hydrogen tank. Changes in 

environmental conditions also affect floating photovoltaic systems. To fulfill 

the load requirements, environmental conditions may affect system 

performance. The demand for loads should be offset by the use of floating 

PV systems. Reducing space consumption and reduced water evaporation 

represents the main benefits of floating photovoltaic generation. Use PvSyst's 

software database to verify the proposed system. Fig. 4 illustrates the 

irradiance samples of the floating PV. 
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Table 1 Implementation parameters of the proposed method 

 
S.No Method Description Values 

1  

System Configuration 

PvSyst 5(105) KWp 

2 Hydrogen fuel cell 20kg 

3 Hydrogen Tank 20kW 

4 Electrolyzer 40kW 

5  

 

 

 

 

Mayfly algorithm 

Population size 50 

6 Lower bound 10 

7 Upper bound -10 

8 Maximum iteration 200 

9 population male 20 

10 Population female 20 

11 Inertia weight 0.8 

12 Inertia weight damping ratio 1 

13 Personal learning coefficient 1.0 

14 Global learning coefficient 1.5 

15 Distance sight coefficient 2 

 

 

4.2 Sample Case Study Analysis of Vishakhapatnam  
  

PvSyst software was utilized here for designing and simulating the 

floating Indian Vishakhapatnam Navy photovoltaic generation system, with 

an altitude of 17.72
o
N, 83.23

o
E longitude, and 43m altitude. By analyzing the 

irradiance levels for 24 hours a day, their corresponding output was 

determined and reported in Fig.4, such as overall irradiance under a clear 

sky. The solar spreading and total irradiance of 2.5 kWh/m
2
 and 4 kWh/m

2
, 

respectively are shown in Fig.4. Similarly, the global radiation and diffuse 

radiation are shown to be 5 kWh/m2 and 1.5 kWh/m
2
 respectively, as shown 

in figure 4 when analyzed during a clear sky cycle (a). Similarly, the Fig 

4(b), (c), and (d) denoted as the values of the 4.9 kWh/m
2
, 1.6 kWh/m

2
, 5 

kWh/m
2
, 1.5 kWh/m

2
, 5.3 kWh/m

2
, 0.9 kWh/m

2
, 5 kWh/m

2
, 1.5 kWh/m

2
, 5 

kWh/m
2
, 1.4 kWh/m

2
, 5 kWh/m

2 
and 1.5 kWh/m

2 
respectively. The figure 

4(a), (b), (c) and (d) illustrated that the 24hours of floating solar irradiance 

levels of different days. Fig. 5 and 6 illustrate the annual irradiance overall, 

diffuse irradiance level, and clear sky model. Based on that, the annual 

irradiance of floating solar is easily identified from the PvSyst's Software. If 

the cloud is presented on a particular day, the solar irradiance level is 

decreased because it will create the rainy season. So, the importance of the 

sky model is also to evaluate the accurate irradiance levels. In table 2, the 12 

months (January-December) of solar irradiance levels in Vishakhapatnam are 

tabulated. Here, the global and diffusion levels are mentioned according to 

their 12 months.  
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(d) 

 
Figure 4 Analysis of (a) 24 hours irradiance in various days (a) day 1 (b) day 2 (c) 

day 3 and (d) day 4- Vishakhapatnam Navy 

 

 
(a) 

 
(b) 

Figure 5 Analysis of Clear Sky model in (a) 24 hours irradiance in day 4 and (b) one 

month-Vishakhapatnam Navy 



 

 
 

 

 

 

 

 

Floating Solar Analysis with Electrolyzer and Fuel Cell an Efficient Analysis using 

Mayfly Algorithm 2444 

 

 
(a) 

 
(b) 

 
(c) 

 
Figure 6 Analysis of Solar irradiance in (a) 12 months (b) clear sky model and (c) 

Global irradiance - Vishakhapatnam Navy 
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Table 2 Annual Irradiance level of Vishakhapatnam 

 
Month Global 

Horizontal 

(kWh/m
2
) 

Diffusion 

Horizontal 

(kWh/m
2
) 

Jan 154.8 52.8 

Feb 154.2 54.8 

Mar 186.7 70.8 

Apr 191.9 76.8 

May 184.9 91.1 

Jun 143.6 88.6 

Jul 145.5 94.2 

Aug 138.1 95.5 

Sep 146.6 81.4 

Oct 149.2 75.5 

Nov 141 51.7 

Dec 133.1 49.2 

 

 

 
(a) 

 
(b) 
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(c) 

 
(d) 

Figure 7 Analysis of (a) clearness index Vs Sun Height (b) irradaince 24hours (c) 

without sky model and (d) Various seasons clearness index  

 

 
(a) 
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(b) 

Figure 8 Analysis of solar path (a) normal form and (b) polar form   

 

In the Fig.7, the shows the sun height of the morning and afternoon 

session of the particular day even the sky is clear. According to that, the 

clearance index is also denoted and their corresponding sun height also 

illustrated. Compared with the June and December month, the sun height is 

above 75
o
 in the clear sky model and the clearance index is 0.74 Kt. With this 

analysis, in the December month, the sun height is highly presented. The 

solar path in legal time and solar time (mornings and afternoons) in July and 

December is presented, as shown in Figure 8. The sun is shining south. 

Photovoltaic modules have therefore been installed southwards. The tilt 

angle and pitch distance should be larger to avoid shadows and minimize 

shadow loss. The photovoltaic module tilt angle is changed once every year. 

The best angle of tilt is the largest when the transfer factor is used. The 

maximum transposition coefficient in these cases is 1.14, where the tilt angle 

is 33
o
 (Figure 8). The transposition factor is the ratio of incident radiation to 

horizontal radiation on an aircraft. When tilting the photovoltaic module 

plane it is what is gained or lost. The azimuth angle is fixed at 0
o
 because the 

system does not have any tracking. According to the shadow simulation of 

the system's 3D structure, the shadow of the diffuse reflection coefficient is 

0.028 and the shadowing coefficient of albedo is 0.620, depending on the tilt, 

azimuth direction, and pitch distance. In the PvSyst simulation, the 

temperature value cannot be edited because of the agreement between PvSyst 

and Meteotest (Meteonorm). In winter, spring, summer, fall, and other 

seasons the irradiance will decrease. A corresponding simulation analysis is  
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provided in the figure below. Attention should be paid to the level of change 

according to the irradiance and temperature level. Before this is established 

and shown in Fig. 9 the output of the fuel cell. 

 
(a) 

 
(b) 

Figure 9 Analysis of (a) input power and (b) output of FC 

 

The electrolytic cell input (in kW) is shown throughout the year in Figure 

9(a). Consequently, the electrolyzer's activity ended earlier than other 

seasons in the summer or so. This can be explained by the premature 

availability and high-intensity solar radiation of the liquid level of the 

hydrogen tank and providing the FPV electrolyzer. Furthermore, after 1 pm, 

colored lines are also present, which can be explained as long working time 

to try to refill the hydrogen tank after bad weather. The size of the generator 

of the fuel cell is 20 kW, according to the best results of the HOMER Pro 

software. It lasted 5111 hours and began 368 times a year. The fuel cell has 

been found to generate 29.76 MWh/year of electricity. The average power 

output was found at 5.82 kW, with a minimum electric output of 0.0887 kW 

and a maximum power output of 20.0 kW. Figure 9(b) shows hours, day after  



 

 
 

 

 

 

 

 

2449 AravaMadhubabu et al. 

 

day, of fuel cell output power (to kW). The overall fuel consumption was 

found to be 1785 kg; the specific fuel consumption was 0.06 kg / kWh; the 

total fuel consumption was 59.51MWh per year, and the average electricity 

consumption was 50%. 

When there is no solar radiation, a fuel cell has a primary function to 

compensate for the power supply. Business hours are therefore not constant. 

The electricity consumption is stable for about 4.0 kW in the first few hours 

of the day, representing 20 percent of the capacity, as shown in Figure 9(b). 

The capacity factor is the ratio of electricity generated over some time to the 

maximum electric power generated over the same period. The simulation 

shows that the hydrogen fuel cell capacity factor is 17.0 percent. The lifetime 

of the fuel cell is expected to be 7.83 years, according to these particular 

operating conditions. It is estimated that the simulated lifetime is 25 years so 

that three cell substitutions have occurred. The most feasible hydrogen tank 

size is 20 kg. The overall hydrogen tank energy capacity is 667 kWh. 

 
(a) 

 
(b) 

Figure 10 Analysis of (a) Irradiance and (b) Temperature 
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(a) 

 
(b) 

Figure 11 Analysis of  (a) Current and (b) Voltage 
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Figure 12 Analysis of power 

 

The PV irradiation maximum and minimum is 240W/m
2
 and 90 W/m

2
. 

Power is generated according to the PV irradiance, which is used to offset the 

load requirement on the load side. Figure 10, 11 and 12 also does not include 

the proposed FPV temperature profile. The temperatures for FPV are 

maximal and minimum, respectively 300c and 150c. To produce electricity 

from sunlight, the temperature is also an important part. For the generation of 

electricity in FPV systems, temperature and irradiance are important. The 

current generated in Figure 11 shows the valves 25A and 20A, respectively, 

for maximum and minimum values. Figure 11(b) illustrates the voltage 

generated by FPV, and the maximum and minimum voltage of FPV is 400 V 

and 350 V. Figure 12 shows, finally, FPV generation of electricity, with a 

maximum output of 4800W. The GWO, PSO, and WOA methods are 

comparable with this method. Figure 12 shows the analysis of power 

compared with the current method. The analysis shows that the proposed 

method can compensate for the load demand effectively. The maximum 

capacity can be extracted from the FPV using the proposed MPPT controller. 

 

5 Conclusion 
 

The design and control of floating photovoltaic systems for DC loading 

and reservoir conditions are examined in this paper. The FPV system is 

designed to handle load demand under environmental conditions with 

electrolyzers and fuel cells. In the FPV system, the MPPT controller is 

designed to extract maximum power under various irradiation conditions. 

The electricity generated by FPV is supplied to the electrolyzer with excess  



 

 
 

 

 

 

 

 

Floating Solar Analysis with Electrolyzer and Fuel Cell an Efficient Analysis using 

Mayfly Algorithm 2452 

 

energy. The electrolytic cell's hydrogen is stored in a hydrogen tank. The 

FPV system has no power generation necessary to satisfy the load 

requirement. The stored hydrogen is supplied to the fuel cell, which provides 

the fundamental power to meet the load demand. A stable power supply from 

the FPV is also maintained on the MPP controller. The Pvsyst database is 

used to check the controller proposed and the advantages of FPV. The FPV 

database is used. FPV has several advantages, such as reducing water 

evaporation, and no additional locations are required for initialization. 

MATLAB/Simulink checked the proposed method and compared it with 

existing methods, like GWO, WOA, and PSO. 
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