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Abstract. A study of a stand-alone 

photovoltaic./batteries/fuel cell power system has been presented 
in this paper to produce energy continuously. A management 
control circuit (PMC) has been designed to obtain the different 
control signals that allow supervising power flow of the hybrid 
system. The application has been made to a stand-alone system 
for four days at Bejaia region. Fuzzy logic Control (FLC) is used 
to optimize power The  structures PV/Battery/Fuel cells system 
have been investigated. A modelisation of each component has 
been made. A supervisor control circuit has been designed to 
obtain the various control signals needed to control the overall 
system. A simulation study has been done in Matlab. The 
different results are presented to show the effectiveness of the 
proposed strategy  
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1. Introduction 
 

Renewable There are many photovoltaic systems that 
have been developed and supported as sustainable 
solutions. Also, to optimize power, maximization 
algorithms are used [1-4].It can be classical and advanced 
methods. To supervise the power flow of hybrid systems, 
several management strategies have been developed and 
proposed in the literature [5-17]. The authors of [5] 
describe a strategy for a hybrid system consisting of a solar 
panel, a wind turbine and a fuel cell powered by 
bioethanol converted to hydrogen. Three different power 
techniques are compared for an isolated application in [6]. 
Authors in [7] addressed and studied this issue, but this 
time they used a hybrid storage device consisting of a 
battery and a super capacitor to support abrupt changes. 
In this paper, a stand-alone PV/battery/fuel cells power 
system to generate uninterrupted electricity is studied 
using a sizing, simulation, and optimization technique. 
This multi-source power generation system can be more 
resilient and flexible than a single source system. For 
example, on a sunny day, the PV panels will generate a lot 
of power and can be used to meet the load demand, while 
also charging the batteries. On a cloudy day, the PV panels 
may not generate enough power, but the batteries can be 
used to supplement the power supply. In case of an 
emergency, the fuel cells can be used as a back-up power 
source. The electrolyzer can also be used to produce 

hydrogen as a source of energy storage, hydrogen can be 
used in fuel cells to generate electricity or used as a 
transportation fuel. 

An application for the power supply of a residential 
residence on four different days. Fuzzy logic control was 
used to optimize the power (FLC). PV/battery systems, 
PV/FCs, and PV/battery/FCs were three topologies that 
were suggested. A supervisor control circuit has been 
designed to obtain the various control signals needed to 
control the overall system.  

 

2. Studied PV/FCs/Batteries system 
 

In this structure, multiple sources of power generation are 
used to supply a customer load. (Fig.1).  

 
Fig. 1. Studied system. 

Photovoltaic panels are used to convert sunlight into 
electricity, batteries are used to store excess energy for 
later use, fuel cells convert the chemical energy of 
hydrogen into electricity, and an electrolyzer is used to 
produce hydrogen from water 
 

A. Modeling of photovoltaic panels  
In this work the following model (Fig 2) is considered [3, 
4], [7, 8]. 
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Fig. 2. Fig.2 Photovoltaic cell model 

The current equation is given as [4,13]: 
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The photovoltaic parameters are presented in table 1 

Table.1. PV Panel Parameters  

Parameters Values 

Photovoltaic power 80 Wp 
Maximum current at PPM 4.65 A 
Maximum voltage at PPM 17.5V 
Short circuit current 4.95A 
Open circuit voltage 21.9V 
Temperature coefficient of short-current 3 mA/°C 
Voltage temperature coefficient of short-current -150mV/°C 

 
The following test bench (Fig.3) has been used to establish 
PV electrical characteristics. The electrical characteristics 
are shown in Fig.4. 

 
Fig. 3. Test bench to determinate the electricalcaracteristics 

 
(a) Ipv=f(Vpv) 

 
(b) Ppv=f(Vpv) 

Fig. 4. Electrical characteristics 

B. Battery model: 
Fig.3. presents the used model [4, 16]. 

 
Fig. 5. Battery model  

The different equations of the capacity model are [3, 4]: 
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C.  PEM electrolyzer modelling 
An electrical model (Fig.4) has been used. 

 
Fig. 6.  Single cell equivalent PEM electrolyzer model 
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The electrical (I-V) characteristic can be express by: 
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Where erev  is the reverse voltage, Ri the initial PEM cell 
resistance and I is the input current. 
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Fig. 7. I-V characteristic for single cell equivalent PEM electrolyzer. 

 

3.Proposed Power Management Control 
(PMC) 
 
 
When there is an excess of photovoltaic power, the power 
management control works to charge the batteries or the 
electrolyzer, and when there isn't any photovoltaic power 
available, it uses the PEMFC. There are three scenarios in 
this structure depending on the amount of electricity that is 
available. If it is positive, a discharge load will dissipate 
any excess power while the batteries are charging. If it is 
negative, the PV panels will provide the load. 
Consequently, the fifth switch K5 was required. The load 
is only fed by batteries in the second example, while PV 
panels are used to supply the load in the last scenario 
(Fig.8).  
Various modes are managed by the five switches K1, K2, 
K3, K4, and K5 (Table 2.). 

Table 2. Different modes 

 K1 K2 K3 K4 K5 Ppv PFC Pbatt Pelect Pload 
On Off Off Off Off On Off Off Off Ppv 
On Off Off On On On Off Off On Ppv 
On Off Off Off On On Off Off Off Ppv 
On Off Off On Off On Off Off On Ppv 

On On On Off Off On On On Off 
Ppv+Pbatt 

+PFC 
Off On On Off Off Off On On Off Pbatt+PFC 

 
When there is enough energy to preserve their lifespan, 

the batteries and the electrolyser are recharged. They are 
only used when absolutely essential, taking into account 
the batteries' state of charge between SOCmax and SOCmin 
as well as the tank's hydrogen pressure. It is accomplished 
by concise power management algorithm (Fig.8). 
According to the open and closed states of the switches K1, 
K2, K3, K4, and K5, which are depicted in Fig. 7, the 
various operational modes are classified into six modes.  

 

 
Fig. 8. PMC Flowchart  

 
Fig. 9.  Different modes of operation of the hybrid system studied 

4.Application 
 
 
To make credible and convincing the proposed system, 
an application is made. The simulation was run over four 
days (Fig.8), the obtained results for the configurations 
are as follow (Figs.9-10). Results from simulations 
conducted over four separate days demonstrate the 
effectiveness of the suggested solution. Additionally, 
there is always a surplus of energy that can be used to 
power a dump load. 
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(a) Solar Irradiance 
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(b) Ambient temperature 

Fig. 10. Climatic conditions for four days 
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Fig. 11. Different Powers after control. 
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Fig. 12. Powers obtained after power control management during four days. 

5.Design  of a supervisor control circuit 
 
 
The supervisor control circuit (SCC) is composes of two 
parts: a control part and a power part, separated by an 
isolation circuit (Fig.11). 
 

 
Fig. 13. Supervisor control circuit 

 
The oscilloscope is used to compare the control signals 
from the three switches to those that were produced 
through simulation using Matlab/Simulink (Fig.12). It is 
noticed that the obtained practical signals are similar to 
those obtained by simulation. The first signal is used to the 
charge of the batteries while the second signal corresponds 
to the supply of the load only by batteries. The third signal 
is used to supply the load only by photovoltaic panels. 

 
(a) Simulation 

 
(b) Practice   

Fig. 14.  Obtained Signals.  
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6. Conclusion 
 
The management of the power flow from several sources 
providing a standalone residential house has been 
proposed  in this study. It has been improved on the speed 
of tracking the maximum point of operation and on the 
stability of the system. Obtained simulation results made 
under four different days show the effectiveness of the 
proposed PMC. The supervisor control circuit has been 
designed to obtain the different control signals that allow 
the power management control of the global system. The 
implementation has been done using Dspace card. The 
obtained signals are similar to those obtained by 
simulation under Matlab/Simulink. 
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