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Abstract- In this article, the authors proceed to the implementation of an architecture built on a platform of diversified control 

algorithms. These algorithms are designed to supervise a system that supplies an alternative load by using two sources of 

energy: photovoltaic (PV) as the main source and the national electric grid as an emergency source).The design of this system 

is developed by the authors around DC/DC converters in cascade (buck and boost), a DC/AC inverter and an electrolysis for 

the production of hydrogen as clean storage. Each converter is equipped with its own control algorithm (Maximum Power 

Point Tracking (MPPT) for the buck and proportional–integral (PI) regulation for the boost). The electrolysis’s too, 

accompanied by a specific control guaranteeing optimum hydrogen production. For the DC/AC inverter, it is controlled by a 

conventional control strategy pulse width modulation (PWM Bipolar) to supply an alternative RL load. The electrical grid only 

intervenes in the last place to fill the energy deficit caused by the photovoltaic source. This assembly of these devices requires 

an efficient distribution of energy which is achieved by the development of a distribution algorithm to ensure the supply of the 

load under all circumstances and the production of hydrogen when the photovoltaic energy is in excess. 

Keywords Photovoltaic, MPPT, electrolysis, hydrogen, grid, control. 

 

1. Introduction 

Researches are addressed in the field of renewable 

energies respectful of the environment, such as photovoltaic, 

to improve safety, reliability and sustainability. One of the 

major challenges for systems using photovoltaic energy is 

the inadequacy between the supply of energy of intermittent 

nature and the dynamic demand of energy. Energy should 

then be stored during periods of abundance and reused 

during off-peak periods. The two clean solutions that are 

interesting are: 

 

- The connection of the photovoltaic system to the 

electrical grid 

- Clean storage by production of hydrogen 

This article does not address the first solution in the 

radical and rational sense of coupling (PV-Grid). This is a 

pragmatic connection of the electrical grid with the 

photovoltaic source. A connection which does not deal with 

the question of injection of PV energy in the electricity grid 

but in the sense of the latter's contribution, with the PV 

source, to compensate the eventual deficit caused by the 

intermittence of the PV energy. This type of hybrid sources 

makes it possible to ensure the supply of the energy of the 

load in all circumstances. 

 

On the contrary, the second clean storage solution 

deserves our attention and takes a good part in our research 

[1]. This work focuses on the storage of photovoltaic energy 

surplus in the form of hydrogen by using the electrolysis of 

water. The possibility of using PV energy to produce 

hydrogen for use in different fields has been studied by many 

researchers [2, 3, 4, 5, 6, 7, 8 and 9]. In each of these works, 

hydrogen is produced for a particular purpose (electric 

vehicles, electricity in homes, cooking application, heat, 

applications in medicine for therapeutic purposes, etc.) 

Moreover, and since the designed system involves more 

than one component, it is natural to make it more efficient 

and effective. This requires multiple actions and at different 

levels of the system. First, the system must provide the 

maximum available PV power [10] [11] [12], this power is 

consumed by two probable receivers (electrolysis and AC 
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load), which further complicates the adaptation of the 

receiver to the PV source. Indeed, for each type of receiver, it 

is necessary to envisage an adequate adjustment structure for 

each component of the system and an algorithm controlling 

this structure. In addition, the system must be equipped with 

a specific power distribution algorithm. Different control 

algorithms and power management strategies have been 

studied for various hybrid systems configurations [13, 14, 15, 

16, and 17]. Nevertheless, the integration between 

photovoltaic and grid to supply the load and in the same 

times produce hydrogen by the excesses of energy has little 

reported in the literature. This solution allows making the 

hybrid system more reliable, flexible and safe. On the other 

hand, this same solution requires the development of several 

local control algorithms and acting at the right time. 

In this article, we briefly describe the mathematical and 

electrical models used for each block constituting the 

designed system and implement for each functional block its 

own local control algorithm. All these implemented 

algorithms constitute a complete architecture around the 

designed system, and then allows it to be supervised. In this 

case, we focus on: 

 Maximizing the PV power by implementing a new 

control algorithm, based on the use of a variable step size of 

the duty cycle, equipped with a mechanism of acceleration 

[1] 

 Maximizing hydrogen production by improving the 

production process through two levels of electrolysis 

optimization. 

 The regulation of the supply voltage of the inverter 

by maintaining this voltage constant by using the control 

loop (PI) of the boost converter, 

 The usual use of the AC load by the power supplied 

by an inverter, controlled by a PWM strategy, located 

between the boost converter and the load. 

 The distribution of energy in the system by using an 

algorithm that is responsible for dispatching energy between 

the different blocks. 

We implement all these control algorithms using the 

Simscape and the C language power provided by CMEX S-

function integrated in the Matlab/Simulink environment. 

2. Configuration of the Hybrid System PV/Load/ 

Electrolysis/ Grid 

1.2. System Proposal 

In this work, we focus on the supply of an AC load and an 

electrolyser through a photovoltaic system. When the charge 

is properly powered and there is still excess energy, the 

surplus is sent to an electrolyser to produce hydrogen gas by 

electrolysis of water phenomenon. The hydrogen produced at 

one of the electrodes of the electrolyser is stored in its own 

form in bottles for it to be used later for various purposes. In 

the case where the energy from the PV is insufficient to 

supply the load, we use the electrical network to compensate 

for this energy deficit and to meet the needs of the load. 
Under these conditions the electrolyser is completely 

disconnected from the system. The electrolyser produces 

hydrogen only by the excess of the PV energy. This way of 

distributing optimal energy in the system increases its 

complexity by introducing more blocks and requiring the 

development of an intelligent power management strategy. 

2.1. Synoptic Description Diagram of the Model 

In “Fig.1”, we have presented the configuration of the PV/ 

load/ electrolysis/ grid system developed in this article to 

ensure the supply of the load with alternative current. As it 

appears in the synoptic diagram, the path of the energy 

produced by the PV modules can take two paths: A main 

track to the load and a second track to the electrolysis for 

clean storage. In both ways, the introduction of energy 

adaptation devices is necessary. These devices are energy 

converters, themselves controlled by specific and adequate 

algorithms. The system is thus built around the converter 

stages and has varied control architecture. The system 

comprises successively a main chain (from the panel to the 

load), a secondary chain (panel to electrolysis) and a power 

management block. 

2.2.1 Main Chain 

 

The system includes: 

 Photovoltaic bloc consisting of two PV panels (PV 

UD180MF5 type of 180 Watt each) capable to produce a 

peak power of 360 W 

 An adaptation bloc contains a DC/DC buck 

converter already dimensioned and designed to operate at a 

frequency of 100 KHz. This block is locally provided with a 

control algorithm which allows tracking the maximum power 

point (maximum power point tracking PPT). The control 

algorithm used here is the “'incremental conductance'”, with 

variable step iteration.  

 A regulation stage based on a DC/DC boost 

converter to increase the voltage level to a constant value of 

172 V. This voltage is stabilized to its value by a local 

control (PI) in the boost which delivers a pulse width 

modulated signal at 100 KHz which is responsible for 

maintaining the boost output voltage constant Regardless of 

the source of power supplying the load. 

 An inverter structure for converting the DC power 

to the AC power supply meeting the requirement of the load 

in terms of rated voltage and current. The inverter is powered 

by the voltage of boost stabilized at 172 V. 

 The national low voltage grid blocks to overcome 

the intermittency problems related to PV and cover the 

energy requirements of the load. 

2.2.2 Secondary Chain 

In addition to the PV source equipped with the block 

maximizing its power, this chain comprises a clean storage 

block materialized by electrolysis. This electrolysis is 

supplied by the buck converter when there is excess PV 

energy. Excess PV energy is converted into hydrogen 

production at one of the electrolysis electrodes. This block is 

equipped with a water pump and a water flow controller. 
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2.2.3. Power Management Block 

This block is considered the conductor of the system. It 

collects information on the status of the load (in terms of 

power) and decides on the energy path. The operating 

principle of this calculation unit is described later in this 

article. In a first approximation this unit makes it possible to 

determine the best compromise of distribution and transfer of 

energy between the elements of the system. 

 

Fig.1. Schematic layout of the proposed PV/grid /electrolysis hybrid system with load 

 

3. Electrical Modeling of System Blocks 

3.1. PV panel electrical model 

The fundamental physical device that includes the 

construction of the PV panel is the solar cell. In the literature, 

the electrical model of an illuminated PV cell is presented in 

“Fig. 2”. 

 
Fig. 2.  Electrical design of the illuminated photovoltaic cell 

 
In an illuminated PV cell, the electrical current Ipv produced 

by the cell is written in the form [18]: 
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Where: Isis light-generated current (photo-current), Isis 

saturated diode current, q is unsigned electron charge, A is an 

ideal factor, (varies between 1.2 and 5), k is Boltzmann's 

constant and Tc is the absolute cell temperature. The resistors 

RS and RP represent respectively the resistances of the metal 

contacts and leaks of the PN junction. 

We worked on two UD180MF5 panels of 180 Watt for each 

(from Mitsubishi Electric), with an optimal voltage 24.2V 

and optimal current 7.45A. 

3.2. DC-DC Converters (Buck and Boost) and Control Laws 

Step-down and step-up DC-DC converters are presented as 

the most efficient topologies “Fig.3” for better matching 

energy conversion chains. In the designed system, these 

converters are controlled by a pulse width modulated (PWM) 

signal to transfer the maximum power of PV generator to the  

 

 

 

load and to the electrolysis (MPPT control) or to regulate a 

voltage to a constant value (PI control). They are designed, in 

previous work, to operate at a switching frequency whose 

duty ratio D of the control signal is: 
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Where: off t  ontT  signal period (ton and toff are 

respectively switching time in the low state and in the high 

state). 

 
Fig. 3. DC/DC Buck and boost converter respectively used in 

photovoltaic system 
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By neglecting the losses, it is easy to express the various 

quantities as a function of the parameters characterizing the 

DC-DC converters. The various electrical quantities are 

summarized in “Table 1.” [19]. 

3.3. Polymer Electrolyte Membrane (PEM) Electrolysis 

Electrolysis of water is dissociation of water molecules into 

hydrogen and oxygen by the application of difference 

potential across the electro chemical cell. This process can be 

expressed by:  

At the anode: -

(g)2(l)2  2e+ 2H+ O
2

1
 OH                                (7)                                                                                               

 

 

At the cathode: 
)(2  2e+ 2H

g
H

                                       (8)
                                                                                                                     

 

Therefore, the overall reaction of this decomposition can be 

written as:  

 H+ O
2

1
 OH

(g)2(g)2(l)2                                                                       
(9)

                                                                                                                                        

 

When the current flows through the solution of the PEM cell, 

the voltage of the electrolytic cell can be represented as the 

sum of: the Nernst voltage Erev, activation overvoltage at the 

cathode ȵc and anode ȵa, overvoltage due to the membrane ȵm 

and interfacial overvoltage ȵI“Fig.4”. 

 

E= Erev+ηa+ηc +ηm+ηI                                                                                  (10)  

   

According to the second Faradays law, the mass of hydrogen 

produced at the cathode is proportional to the amount of 

electrical current through the electrolyte:  
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                                                            (11)                                                                                                                 

With:  

mH2: mass of hydrogen formed to the electrode (in kg)  

nc: number of cells    

M: molar mass of hydrogen (in kg.mole-1)  

Iel: current through the electrolysis (in A)  

t: time of electrolysis (sec)  

n: number of electrons per mole of product formed  

F: Faraday’s number (F = 96485 C/mol)  

ȵF: Faraday efficiency. 

 

Table .1. Expression of the Electrical Quantities in the Step-

Up and Step-Down Converter 
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Fig. 4. The electrical circuit for the water electrolysis process 

3.4. Modeling of the inverter 

We also carried out the modeling of the single-phase inverter 

in the Matlab/Simulink environment according to the 

diagram in “Fig.5”. The load is taken alternative. 

To supply the AC load, we have inserted the inverter 

between the boost which delivers a constant voltage and the 

load. The single-phase inverter is composed of four switches 

controlled by a conventional PWM control strategy. 

 

4. Control Algorithms Managing the System 

4.1. MPPT control for maximizing power 

The conventional analog or digital MPPT algorithms 

described in the literature using a fixed step size present a 

common disadvantage concerning the compromise between 

the stability and the oscillation around the maximum power 

point (MPP) under stable conditions [20] [21] [22]. 

 

To optimize the overall efficiency of the system, we used the 

approach of the variation of the step iteration by using 

mathematical expressions which can be changed according to 

the distance that separates the position of the current 

operating point from the point of maximum power. This 

technique of the variable step iteration has been developed in 

our previous work [10] and uses the equation (12): 

PV

PV

V

P
NkDkD




 )1()(

                                       (12)  

                                                                               

Where: 

D: the duty cycle of the signal controlling the power 

converter, 

PPV: Power generated by the photovoltaic 

VPV: Voltage at the terminals of the PV panel 

N: scale factor assigned to the design time to adjust the step 

size 
1

max

max
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The technique used in this work to maximize the maximum 

power produced by the panels and transfer it almost to the 

load called incremental conductance (InCon) based on the 

variable step size approach. This digital control algorithm is 

equipped with an acceleration mechanism, as described in 

reference [23], which makes it possible to quickly reach the 
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maximum power point with great precision while 

maintaining a very satisfactory stability. 

4.2. Voltage control at the terminals of the boost converter 

The power delivered by the PV panels is now optimal. This 

power is maximized by the buck converter controlled by the 

designed MPPT algorithm. However, the voltage at the 

terminals of the buck can fluctuate when the solar irradiance 

change. The power in the load must be consumed under a 

constant effective voltage (110V). This requires inserting a 

boost converter between the buck and the inverter which 

raises and maintains a constant DC voltage (172V) to power 

the inverter. This boost converter is controlled by a PI 

control loop. 

This converter is equipped with its control loop designed to 

be used as a modular unit. Thus, by choosing the appropriate 

DC/AC inverter, the voltage supplying the inverter can be 

modulated. 

4.3. Electrolysis optimization 

In a photovoltaic system, the output power of the PV panel 

depends to the weather conditions (rapidly changing). The 

quantity of hydrogen produced depends, therefore, on these 

variations. It would then be more convenient to take account 

of this dependence when we optimize the electrolysis by 

focusing instead to the mass flow of hydrogen produced than 

the quantity. We have shown that the mass flow of hydrogen 

produced can be presented in the form:  

                                                                                     

                                                 

                                               (13)                                    

 

We consider that all the hydrogen produced over time by the 

electrolysis is sent to the storage tank. The mass of hydrogen 

stored in the tank at any given time t is given by:  

dtmm H

t

STOREDH



 2

.

0

2

                                                        (14)                                                                             

 

However, in our previous research [23] we have shown that 

there is proportionality between the water flow injected in 

the electrolysis and the electrical power available from PV. 

Hence the need to control the water flow introduced into the 

electrolysis. For this purpose, we have proposed a flow 

control system according to the optimum power supplied by 

the PV panels to produce the maximum of hydrogen.  

 

 
Fig. 5. Simulation diagram of the inverter and the RL load 

with the MLI command 

 

The system consists of a level controller, a water pump and a 

control valve. The electrolysis system operates according to 

the diagram of “Fig. 6”. The level controller measures the 

water flow corresponding to the optimum power of the PV 

panels.  

 

The measured flow rate is converted into an electrical signal 

which controls the valve connected by a pump to the water 

storage tank. This assembly aims to control the optimal water 

flow that will be injected in the electrolysis. 

 

 
Fig .6. Block diagram of water flow controller 

4.4. Control strategy of the inverter 

4.4.1 Principle of strategy 

The control strategy of the inverter adopted in this work is 

called control by pulse width modulation PWM, which is 

based on the comparison of a sinusoidal reference voltage 

with the triangular signal in order to generate the control 

signals “Fig.7”.The main aim of the modulation techniques is 

to reach the maximum voltage at the output of the inverter 

with the lowest harmonic distortion. 
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Fig.7. Sinusoidal MLI, generating control signals by a 

sinusoidal triangular carrier 

4.4.2 Fourier analysis 

The Fourier transform of a periodic signal with symmetry on 

the quarter period and anti-symmetry on the half-period is 

given by: 
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The effective value of the first (fundamental) harmonic is 

given by: 

2

1
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b
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From the simulations, we have observed the values of the 

angle α in degrees “Table .2”: 

 

Table .2. The values of the angle α in degrees 

α1 α2 α3 α4 α5 

17 19 30 54 76.33 

 

Where EV *64.01 
                                                      (19)                                                                                                   

 

4.5. Power Management Strategy (PMS) of the Hybrid 

System 

4.5.1. Management strategy principle  
The main purpose of the power management strategy 

developed in the hybrid system (PV grid integration) is to 

satisfy the requirements of the load according to the principle 

described in the following.  

 

     In general, the power of the load is variable (the 

maximum power is 250W in our system). The PV source can 

provide a maximum power of 360 W. This power can 

degrade, depending on the incident solar radiation and the 

temperature (weather conditions), to a power lower than the 

power demanded by the load. We are therefore in the 

presence of several scenarios that depend on both variable 

load requirements and the random weather conditions. It 

happens then that the system, left to itself, returns to an 

indeterminate situation from the point of view of energy 

flow. To manage this situation and to determine the common 

sense in which energy is to be conveyed, it is necessary to 

develop a power management strategy (PMS) including the 

electrical grid.  
 
     The logic of operation would have been fairly simple if 

the PV power was constant or varied slowly over time. 

However, the large variability of electricity production, 

mainly due to the stochastic behavior of the PV source, 

increases the complexity of the management of the system 

[24]. As a result, the electrical network becomes an 

important component of the system. The management 

strategy sought is aimed at managing the variability of the 

photovoltaic energy production and that which can be 

provided by the electricity network with regard to a random 

behavior of the load and the meteorological conditions.  
 
     The main purpose of any energy management strategy is 

its ability to provide operational management policies in 

conditions that are constantly changing. The development of 

such a strategy should ensure the satisfaction of electricity 

needs and maintain operating costs at a reasonable level. As 

a result, the operation of the hybrid system involves a 

number of decisions regarding the management and use of 

power. The main indicators which govern the operation of 

the system are the instantaneous state of the load in terms of 

power and the possible surplus of power supplied by the PV 

source. The strategy developed in this work is committed to 

take charge of two functions:  

 

- The permanent supply of the load (for the PV source 

or the electrical grid). 

 

- The potential surplus of power delivered by the PV 

system is potentially stored in the form of hydrogen by 

electrolysis of water. The hydrogen produced can be further 

processed to produce electricity. This last process of 

transformation is not discussed in this article. 

4.5.2. Energy management algorithm of the system  

The block diagram for PMS is presented in “Fig. 8”. The 

system power balance is checked at each perturbation 

(weather change or load variation). The input data such as 

solar radiation, PV power, load power and harmony losses 

Ploss at inverter (PL = Pl+Ploss) is used, so that the algorithm 

can make the decision on the interconnection of the load to 

the appropriate source. Indeed:  

 

 If PPV>=PL and the PPV-PL>0, the load operate at its 

maximum power PL=PL_max and the excess of power is 

transferred to the electrolysis to produce hydrogen Pel=PPV-

PL.  

 

 If PPV-PL=0, all the power produced by the PV will 

be transferred to the load. In this case, there is no surplus of 

energy which implies no production of hydrogen Pel = 0.  
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 When the output power of PV is lower than the PL, 

the necessary power to satisfy the load is provided by the 

grid PL=PPV+Pg.  

 

When the solar radiation or the load changes 

(perturbation), the algorithm rechecks the value of the power 

loads, using the electrical grid, so that a new decision on the 

distribution of energy can be made between the probable 

energy sources on one hand and between the storage unit and 

the load on the other hand. This energy management strategy 

is developed using the power of the C language. 

5. Simulations Results & Discussions 

To test the performances of the various control algorithms 

designed for the system (PV/ load/ Electrolysis/ Grid) 

presented in this work, we used the dynamic model of this 

hybrid system under meteorological conditions 

corresponding to a summer day at the city of Oujda "Fig. 9”. 

5.1. Irradiance Rapidly Changing and Fixed Load 

      The load is fixed to consume a power of 250 W. 

"Figure.10" represents the results of simulations of the 

maximum power extracted from the photovoltaic source by 

means of the MPPT control. The PV source passes through 

all the possible scenarios with respect to the power required 

by the RL load (250 W) “Fig.11”. Indeed: 

- For the duration of 10 to 16 hours, the PV generator 

is able to ensure the power needed by the load with a 

remarkable excess of energy. This excess power is 

transferred to the electrolysis to produce hydrogen. This 

hydrogen production, when it has taken place, is optimized 

by controlling the water flow injected in the electrolysis via a 

water pump "Fig.12" and "Fig. 13". The mass of hydrogen 

produced is stored in the tank "Fig.14". During this phase, 

the maximum power transferred to the load is insured by the 

MPPT control of the PV power. 

 

- Outside the interval [10h to 16h], there is a partial or 

total deficit of the photovoltaic power (Ppv<PL), the electrical 

grid compensates this deficit and then produces the 

complementary energy to satisfy the power of the load 

"Fig.15".Thus, in this case, the power balance is PL=Ppv+Pg. 

Note that, although the PV power is insufficient, it is 

transferred by the MPPT control to the load with additional 

power guaranteed by the electrical grid whose distribution is 

done through the management strategy. 
 

 

Fig. 8. Flow chart of the power management strategy of the 

hybrid system 

 

 
Fig.9. Solar Irradiance 

  
Fig. 10 . Output power of the PV panel  
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Fig. 11. Power required by the load 

5.2. Irradiance and Load Rapidly Changing 

In a second simulation series, we have exposed the system to 

a variable irradiance of the same as “Fig. 9” (The PV source 

can provide a maximum power of 360 W) and a fluctuating 

load with variable power (50W to 250W) “Fig.16”. The 

analysis of the simulation results shows that: 

 

 The power extracted from the PV source is variable 

according to the incident irradiance power as in the previous 

case. 

 

 

 

 
Fig.12. Mass flow of water injected into the PEM 

electrolysis 

 

 
Fig.13. Mass flow of hydrogen produced 

 

 
Fig.14. Mass of hydrogen stored in the tank 

 

 The scenarios of the PV source are now dictated 

both by the variation of the irradiance and the variations of 

the load. 

 The distribution of the power in the system is done 

according to the management strategy developed in this 

work. 

The power of the load is covered. Between 9h to 19h, that is 

the PV sources that supports the supply of the RL load and 

causes excess energy that is transferred to the electrolysis. 

This results a clear hydrogen production and necessary water 

flow for the electrolysis "Fig.17" and "Fig.18". 

In the case where the PV source is unable to satisfy the 

power demanded by the load (outside the range [9, 19 h]) 

"Fig.10" and "Fig.16". The electrical grid takes over to 

compensate for this energy deficit "Fig.19". 

From the various analyzes and interpretations above, it is 

important to emphasize that: 

 In all cases of simulations, power was transferred to 

the load using the PI control technique which controlled the 

output voltage of the Boost to the desired value (172V) to 

supply the inverter "Fig.20" and "Fig.21". This power is 

consumed by the load at a constant voltage of 110V "Fig.22". 

In addition, hydrogen production is optimized by the water 

flow control technique. 
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 The management strategy applied to the hybrid 

system takes into account the excess of PV power if it 

occurs, the load power requirement, the variations of weather 

and those of the load to decide how to connect the system to 

the source (PV or electrical grid). The power grid only 

intervenes to compensate the deficit of power. However, the 

electrical grid is a key element in the system. Indeed, for 

each perturbation that may affect the system, the 

management strategy must connect the system to the 

electrical grid to determine the state of the powers and to 

steer the system to the appropriate source. 

 

 
Fig.15. Grid Power transferred to the load 
 

 
Fig.16. Power required by the load 

 

 
Fig.17. Mass flow of water injected into the PEM 

electrolysis 

 
Fig.18. Mass flow of hydrogen produced  

 
Fig.19. Grid power transferred to the load 
 

 
Fig. 20. Inverter output voltage 

 

 
Fig.21. Voltage served at the terminal of the boost 
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Fig.22. Output Load Voltage 

6. Conclusion 

In this work, we presented the modeling of the different 

components of the PV/ Grid/ electrolysis/ load (PEM 

electrolysis, PV, DC/DC converter, DC/AC inverter, 

electrical grid). We have provided each block of the system 

with a specific and local control algorithm. The 

implementation of these algorithms in architecture around 

the designed system allowed us to increase the overall 

efficiency and reliability of the system in terms of 

optimization, management and maximum exploitation of the 

available PV power. In addition, controlling the voltage at a 

constant value, in order to supply an inverter with the same 

characteristics of an electrical grid, seemed to us an 

unavoidable question that deserved our full attention. The 

modeling and simulation of the complete system in the 

Matlab/Simulink environment enabled us to identify the 

following important results: 

 

 The maximum extraction of the power delivered by 

a photovoltaic generator by the integration of a DC/DC 

converter, equipped with a numerical algorithm control (InC 

MPPT) with variable step iteration and acceleration 

mechanism. We gained on this subject on the rapidity of 

trapping the maximum operating point and on the stability of 

the system. 

 Optimization of the electrolytic process by 

controlling the flow of water injected in the electrolysis 

taking into account the power transferred by the PV system 

for optimal hydrogen production. 

 

 The regulation of the supply voltage of the inverter 

to its constant value by using a control loop based on 

proportional integral PI. 

 The development of an efficiency power 

management system based on the operating modes of a 

hybrid system that includes the production of energy from 

PV as a primary source, the power grid as an emergency 

source and the production of clean hydrogen as an alternative 

to the storage of energy by batteries whose risk of pollution 

is not excluded. This distribution technique supports the 

decision to connect the system to the appropriate source. 

 

In future work, we are particularly interested in: 

 The study of the economic aspect of the proposed 

hybrid system (PV/ load/ electrolysis/ grid). 

 The life-cycle analysis of this system with regard to 

its impact on the environment 

 The implementation of all these algorithms 

developed in this article in an embedded system (in DSpace 

card). 

 

References  

[1]  S. Dahbi, A. Aziz, N. Benazzi, and M.  Elhafyani, “New 

method to improving hydrogen production by an 

adaptive photovoltaic system and P&O algorithm,” J 

Theor Appl Inf Technol, vol.84, pp.42-47, February 

2016. 

 

[2]  P.C. Chen, “Configuration of solar-hydrogen mild hybrid 

fuel cell power systems for electric vehicles,” J. Power 

Sources, vol.201, pp.243-252, November 2011 

 

[3]   S. Mohapatra, “Hydrogen Production Technologies With 

Specific Reference to Biomass,” Int J of Renewable 

Energy Research, vol.2, pp.416-420, August 2012. 

 

[4]   N. A. Kelly, T. L. Gibson, and D. B. Ouwerkerk, 

“Generation of high-pressure hydrogen for fuel cell 

electric vehicles using photovoltaic-powered water 

electrolysis,” Int J Hydrogen Energy, vol.36, pp. 

15803–15825, September 2011. 

 

 [5] E. Topriska, M. Kolokotroni, Z. Dehouche, E. Wilson, 

“Solar hydrogen system for cooking applications: 

Experimental and numerical study,”J. Renewable 

Energy, vol.83, pp. 717-728, May 2015. 

 
[6]   M. W. Melaina, O. Antonia, and M. Penev, “Blending 

Hydrogen into Natural Gas Pipeline Networks: A 

Review of Key Issues,” National Renewable Energy 

Laboratory, March 2013. 

 

[7] S. Ohta,”Molecular hydrogen as a preventive and 

therapeutic medical gas: initiation, development and 

potential of hydrogen medicine,” J. Pharmacology & 

Therapeutics, vol.144, pp.1-11, October 2014. 

 

[8]    M. Aziz , T. Oda, T. Mitani, A. Uetsuji, T. Kashiwagi 

,“Combined hydrogen production and power 

generation from microalgae,” proceedings of the 4th 

International Conference on Renewable Energy 

Research and Applications (ICRERA), November 

2015 

 

[9] Oyku Bilgin, “Evaluation of hydrogen energy 

production of mining waste waters and pools,” 

proceedings of the 4th International Conference on 

Renewable Energy Research and Applications 

(ICRERA), November 2015 

 

[10]   S. Dahbi, A. Aziz, N. Benazzi, M. Elhafyani, and N. 

Benahmed, “Advanced MPPT controller based on P&O 

algorithm with variable step size and acceleration 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Muhammad%20Aziz.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Takuya%20Oda.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Takashi%20Mitani.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Atsuki%20Uetsuji.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Takao%20Kashiwagi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Oyku%20Bilgin.QT.&newsearch=true


INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
S. Dahbi et al., Vol.7, No.4, 2017 

 1835 

mechanism for solar photovoltaic system, ” In: 

Proceedings of the Mediterranean Conference on 

Information & Communication Technologies. Lect. 

notes Electrical Engineering, vol. 381, pp. 57-67, 2015. 

 

[11] S.Gautam, D.B. Raut, P.Neupane, D.P.Ghale, R. Dhakal, 

“Maximum power point tracker with solar prioritizer in 

photovoltaic application,” proceedings of the 5th 

International Conference on Renewable Energy 

Research and Applications (ICRERA), November 2016 

[12] M. Heidari, “Improving Efficiency of Photovoltaic 

System by Using Neural Network MPPT and Predictive 

Control of Converter,” Int J of Renewable Energy 

Research,vol.6, pp.1524-1529, September 2016. 

 

[13]  A. Garrigos, J.L. Lizan, J.M. Blanes, and R. Gutierrez,” 

Combined maximum power point tracking and output 

current control for a photovoltaic-electrolyser DC/DC 

converter,” Int J Hydrogen Energy, vol.39, pp. 1-13, 

2014. 

 

[14] S. Mane, P. Kadam, G. Lahoti, F. Kazi, N. M. Singh, 

“Optimal load balancing strategy for hybrid energy 

management system in DC microgrid with PV, fuel 

cell and battery storage,” proceedings of the 5th 

International Conference on Renewable Energy 

Research and Applications (ICRERA), November 

2016 

 

[15] P. Garcia, J. P. Torreglosa, L. M. Fernandez, F. 

Jurado, ”Optimal energy management system for 

standalone wind turbine/photovoltaic/hydrogen/battery 

hybrid system with supervisory control based on fuzzy 

logic,” Int J Hydrogen Energy, vol.38, pp. 14146-

14158, September 2013. 

 

[16] O. Marchenko, S. Solomin, “Efficiency of Small 

Autonomous Wind/Diesel/Hydrogen Systems in 

Russia,” Int J of Renewable Energy Research,vol.3, 

pp.241-245, April 2013. 

 

[17] S. Sichilalu , H. Tazvinga , and X.Xia, “ Optimal control 

of a fuel cell/wind/PV/grid hybrid system with thermal 

heat pump load,” J. Solar energy, vol.135,pp.59-69, 

October 2016. 

 

[18] M.G. Villalva, J.R Gazoli, and E.R Filho, 

“Comprehensive approach to modeling and simulation 

of photovoltaic arrays,” IEEE Trans Power Electron, 

vol.24, pp. 1198-208, May 2009 

 

[19] A. Aziz. Propriétés électriques des composants 

électroniques minéraux et organiques, conception et 

modélisation d'une chaine photovoltaïque pour une 

meilleure exploitation de l’énergie solaire. Thesis. 

Toulouse: III-Paul Sabatier University; 2006. 

 

       [20] A.R. Reisi, M.H. Moradi, and S. Jamas, “Classification 

and comparison of maximum power point tracking 

techniques for photovoltaic system: a review. Renew 

Sustain Energy Rev, vol.19, pp. 433-443, March 2013 

 

[21] D. Rekioua, and E.Matagne, “Optimization of 

photovoltaic power systems: modelization, simulation 

and control,” London: Springer-Verlag; 2012. 

 

[22] R. Boukenoui, R. Bradai , A. Mellit, M. Ghanes, H. 

Salhi, “Comparative analysis of P&O, modified hill 

climbing-FLC, and adaptive P&O-FLC MPPTs for 

microgrid standalone PV system,” proceedings of the 

4th International Conference on Renewable Energy 

Research and Applications (ICRERA), November 

2015. 

 

[23] S. Dahbi, R. Aboutni, A. Aziz, N. Benazzi, M. 

Elhafyani, and K. Kassmi, “Optimised hydrogen 

production by a photovoltaic electrolysis system 

DC/DC converter and water flow controller,” Int J 

Hydrogen Energy, vol.41, pp. 20858–20866, December 

2016. 

 

[24] D. Ipsakis, F. Stergiopoulos, S. Voutetakis, C. 

Elmasides, P. Seferlis, and S Papadopoulou, “Study of 

an autonomous power system based on solar and wind 

energy with hydrogen as the intermittent energy source 

for future use,” Conference proceedings of the 4th 

Dubrovnik Conference on Sustainable Development of 

Energy Water and Environmental Systems, Dubrovnik, 

Croatia,pp.5569-5576,4-8 June 2007. 

 

 

 

 

 

 

 

 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Sneha%20Mane.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Pratik%20Kadam.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Gopal%20Lahoti.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Faruk%20Kazi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.N.%20M.%20Singh.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.R.%20Boukenoui.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.R.%20Bradai.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.A.%20Mellit.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20Ghanes.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.H.%20Salhi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.H.%20Salhi.QT.&newsearch=true

