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Abstract: For this article, we propose a power management controller 

for a hybrid system; the study of the model proposed includes a fuel 

cell, a PV, a lithium-ion battery, and a catalyst to produce Hydrogen. 

Furthermore, the control system of the active power uses the Stateflow 

approach. This study gives an easy scheme of the power management 

controller and a practical code to implement the target hardware. The 

state flow controller is used to equalize the energy flow inter the 

system's elements. At first, to simulate these elements, MATLAB 

Simulink software is used, then all modes of operation of this controller 

using Stateflow are detailed. This paper showed that the management 

of the power source flow could use the Stateflow approach as an 

efficient alternative means. 
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I. Introduction  

Straightforwardly, the Lack of Fossil fuel causes the 

necessity to find other energy resources possessing 

the same characteristics as fossil fuel concerning its 

capacity and supply. Hydrogen is a great candidate, 

and it can be combustible in the fuel cell field. 

although it's just an energy vector and not a pre-

existing source, the alternative energy sources 

produce Hydrogen [1]. 

  

Therefore, envisioned that Water electrolysis 

powered by renewable energy like solar and wind 

improve hydrogen production, with no emissions of 

CO2 during the water electrolysis processes. 

Consequently, aggregating excess renewable energy 

as Hydrogen gives incredible opportunity. Hydrogen 

formed from this process has excellent purity of 

about 99.9% and can be used as combustible in fuel 

cells [2]. 

 

Proton-Exchange Membrane Fuel-Cell, PEMFC is 

an Electrochemical device that can convert a portion 

of Hydrogen's chemical energy into electrical 

energy. it is the electrochemical combustion of 

Hydrogen and oxygen that produces electricity, 

water, and heat [3]. 

 

PV source is an intermittent source of energy, and its  

production depends on time, sunlight, and weather 

conditions. So, a secondary source is necessary for 

the efficient use of PV. Furthermore, in the 

nighttime, PV can’t produce any energy. So, 

batteries are needed to store surplus energy during 

the daytime. PEMFC has an excellent potential to be 

a green energy source considering its good 

efficiency [4]. Therefore, this paper finds the PV-

PEMFC system as a practical solution to benefit 

from both friendly sources of energy for their 

advantages. 

 

The greatest disadvantages of PEMFC are very 

sensitive and costly materials[5]; One of the major 

disadvantages of the hybrid system is the high cost 

of the battery often comes as a problem [6]. 

 

The hybrid system, which uses PEMFC with PV and 

Lithium-ion Batteries, is preferred for the production 

of continuous energy throughout the year every day 

for  24Hours/24Hours [7]. 

 

This paper uses the State flow approach to control 

the energy management system for a hybrid system, 

PEMFC with Lithium-Ion battery,  all together PV 

to   supply a DC load. The principal objective of such 

management is to cover the Photovoltaic generator 

power, issued intermittently [8].  
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II. Modeling Components 

The structure of the complete system shown in 

Figure 1, is primarily built on the middle BUS. while 

the Direct-Current BUS linked all power sources, 

storage, and load [4]. 

 

The system consists of alternative power sources 

(photovoltaic modules/array and PEMFC). A boost 

power "DC/DC Converter" is used to adjust voltage 

between PV array generator and common Bus; 

batteries to compensate for the unpredictable PV-

produced power and the charge's power demanded; 

two Buck-Boost regulators used for controlling the 

flow of energy to/from the battery pack and power 

flow to/from the PEMFC. An electrolyzer generates 

Hydrogen in the case of excess PV’s power [8]. 

 

With SIMULINK@MATLAB software the power 

controller is simulated. From the literature, more 

details about intermediate electronic devices can be 

taken[9–12]. 

 

II.1. Template PEMFC Model 

The Proton-exchange membrane fuel-cell (PEMFC) 

is the converter that transforms a section of chemical 

energy of fuel into electricity; the precept is very 

simple same as reverse electrochemical electrolysis;   

it is a reaction between oxygen and hydrogen that 

produce water, heat energy and electricity as given 

in  the equation (1)    [13-14]. 

2 2 2

1

2

Heat Electrical EnergyH O H O                  (1)            

According to the following reaction at the anode (2), 

we see hydrogen oxidation; and protons transfer via 

the membrane onto the cathode. 

 2 4 4
2

H H e Anode                                         (2)                                      

Equation (3) describes Oxygen reduced at the 

cathode: 
2

2
4 2O e O Cathode                                          (3)        

                               

Equation (4) gives the form of the PEMFC  output 

voltage. 15 
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 31.229 0.85 10 298.15
FC

V T                

2 2

5 1
4.31 10 ln ln

2H O
T P P
   
   

    
    

             
1 2 3 2 4

. . . ln
stack

T T Co I   
   
   

    
     

            

max

.ln 1
.stack

j tm
B I Rc

j S

 
          

 

 

 

Where:    
FC

V  is the output voltage of a fuel cell stack 

 V . E :  is the fuel cell stack internal potential; 
act

V  

is  the overall activation voltage drop  V ;  
ohm

V is the  

overall ohmic voltage drop  V  and 
Con

V is  the 

overall concentration voltage drop [13]. 

    Figure 1.The complete PV-Battery fuel cell 

system. 
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II.2. PV Model 

Due to the physical process of the   PV effect, solar 

energy conversion produces electrical energy. This 

behavior of a solar PV cell is similar to the P-N 

junction diode behavior [16]. 

The PV model used in this study is the Simulink-

MATLAB model, as shown in Figure 2. 

Figure 2. Solar Cell Model (Single Diode 

Equivalent Circuit) 

 

The output voltage and the load current of a PV cell 

can be demonstrated by equation:  

0
exp 1S

L

V IR
I I I



  
        

                                 (5)     

Where:
L

I  is the current of the PV cell  A due to 

solar illumination;
0

I  the saturation current  A , I  

the load current  A ; V  the PV output voltage  V , 

S
R the series resistance of the PV cell   ,  is the 

thermal voltage timing completion factor of the cell  

 V [16].                       

S

kT
A N

q
                                                 (6)    

Where: A : is the completion factor; k : is the 

Boltzmann's constant ( 23

0.38065 10X
  /J K ); q :  is the 

magnitude of charge of an electron 191.6022 10X   C; 

T: is the cell temperature  K and  
S

N the number of 

cells in series [16].                                  

II.3. Battery Model 

There is a wide variety of batteries used in the 

Renewable Energy World; Lithium-ion batteries are 

the more used owing to their advantages. Lithium-

ion batteries performance is preferable for stand-

alone power systems [17] Therefore, this paper is a 

hybrid system with lithium-ion batteries. 

In the MATLAB Simulink editor, a generic Li-ion 

battery model is improved and verified according to 

Shepherd's battery model [18-19] The modeling of 

the Li-ion battery is like a voltage-controlled source 

relying on the present state of charge SOC, therefore 

in this paper, the Simulink MATLAB generic Model 

of Li-ion battery is used as shown in  Figure 3. 

Figure 3. Li-ion battery MATLAB/Simulink  

Generic Model 

 

For a Li-ion battery charging and discharging  are 

governed by equations (7) and equation  (8)  [20].  

For discharging   * 0i   

 * *

1 0

, ,
Q Q

f it i i E K i K it
Q it Q it

  
 

 

                     .A Exp Bi                                     (7)                  

For charging  * 0i  : 

 * *

1 0

, ,
0.1

Q Q
f it i i E K i K it

it Q Q it
  

 
                                    

.                      .A Exp Bit                                    (8) 

Where:
Bat

V  is Nonlinear battery terminal voltage (V),

0
E is: Constant or open circuit voltage (V),  Exp s is: 

Exponential zone dynamics (V),  Sel s is: Represents 

the battery mode,   0Sel s   during battery discharge,

  1Sel s   during battery charging, K is: Polarization 

constant (Ah−1) or polarization resistance (Ohms), *
i

: Low frequency current dynamics (A), i  : Battery 

current (A), it : Extracted battery capacity (Ah), Q : 

Maximum battery capacity (Ah), A : Exponential 

voltage (V), B is: Exponential capacity (Ah)−1 [20]. 

 

III. Overview of the Stateflow 

Stateflow is a visual environment of programming 

based on S finite state machines. Stateflow gives the 

ability to test and debug the design, think in the 

simulation of the different modes of operation, and 

generate a program from the state machine [21]. 

Using the Stateflow, the power management 

controller proposed in this paper is designed and is 

implemented, as shown in Figure 4. 
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The controller is simulated under the Simulink-

MATLAB environment using Stateflow. 

The Simulink diagram of the controller is shown in 

Figure 5. 

 

 

 

 

 

 

 

 

 
Figure 5.  SIMULINK controller schematic 

 

Figure 4. Stateflow chart of the Power Management Controller 
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IV. Simulation results & discussion 

The power management controller simulation 

operates for one day 30 42.871 10  s t   ,   taking 

into consideration the state of charge of the battery 

(SOC level), the power between the PV power, and 

the consumption of the load under the following 

conditions:   

    

1. Irradiance of 24 hours night and day in the 

province of BECHAR, a town situated in the 

south of Algeria, as shown in Figure 6. 

2. 24-hours ambient temperature variation as 

indicated in Figure 7. 

3. The Load demand current for one day, as shown 

in Figure 8.  

 

 

For all the previous parameters and conditions, we 

obtain the following results:  

 

1. Figure 09  shows the SOC and battery current.  

2. The PEMFC current and hydrogen flow rate 

(qH2) are shown in Figure 10. 

3. The output PV array current  is shown in Figure 

11. 

4. Figure.12 shows photovoltaic power, battery 

power, load power consumption, and fuel cell power. 

 

 

As discussed the controller operates according to the 

previous conditions throughout one day.  the 

simulation results are shown in   Figure 12. 

referring to  Figure 12.  There are five intervals that 

represent the different operating modes executed by 

the Power Management Controller under 

Matlab/Simulink  using the State flow approach; 

they are: 

 

The first interval   

   
30 38.921 10   st    

 

In this interval the Power management controller 

operates under the following conditions: 

PV  <   Pload  
SOC  <  60%   
The PV’s output power is inferior to the fuel-cell 

power; therefore, the fuel-cell power satisfies the 

load demand while the battery is disconnected by the 

controller because  the battery is deeply discharged 

SOC  <  60% , that's means:  

 

 Pload  Pv Pfc                                                         (9) 

 

 

The second interval   

 

For 3 338.921 10 42.871 10  s t    and under 

the following conditions: 

a.  Pload  <  Pv        

b. SOC   <   80%  

The PV’s power is higher than the Load demand; in 

this case, the controller charges the battery using the 

PV surplus power, and we obtain: 

 

 Pload  Pv Pbt                                                   (10)                                                

 

 

The third interval     

 

In this mode, time interval is:  
3 342.871 10 47.172 10  s t     

The battery's SOC extends the maximum level 

greater than 98%, the controller disconnects the 

battery and connects the Electrolyzer to generate 

hydrogen in this case of PV's excess power, so: 

 

 Pload  Pv Pelectrolyzer                                   (11)                                   

                                                                                                    

 

The fourth interval     

 
3 347.172 10 64.472 10  s t     

 

In this mode the SOC  > 60%  and load demand 

power is higher than the PV's power, the 

management system   compensates the lack of load 

power demand from the battery as shown in 

equation:  

 Pload  Pv+Pbt                                                       (12)                                       

 

 

 

The fifth interval       

 

For the last mode used by the Controller, the time 

interval is:  3 364.472 10 86.400 10  s t    . 

The battery SOC falls under 30%, the controller 

disconnects the batteries and connects the fuel cell to 

satisfy the load power demand while PV power is 

minimal in this period of the day, the equation of 

load power demand is shown in this equation: 

 

 Pload  Pv Pfc                                                     (13) 
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 Figure 6.   Irradiance G for one day (BECHAR-      

South of Algeria). 

 

 

 

 
Figure 7. 24 Hours ambient temperature variation 

for one day (BECHAR location, south of Algeria). 

 

 

 

 

 
        Figure 8. Load demand current 

 
  

     Figure 9. SOC and current of the battery. 

 

 

 

 

 
   Figure 10. The current of the PEMFC and  

  hydrogen flow rate qH2 variation. 

 

 

 

 

 
        Figure 11. PV output current change  
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Figure 12. Power flow between the hybrid system sources 

 

 

 
V.  Conclusion 

 

In this article, the energy management controller 

controls a hybrid system, PEMFC, with a Lithium-

Ion battery, PV and a DC load. The modeling of the 

studied system is under MATLAB-SIMULINK 

environment, applying the STATEFLOW approach 

to develop the system's controller.    

The simulation results obtained in this article 

confirm successfully the efficiency of the suggested 

power management strategy. 

The strategy used by the controller in this paper gives 

an easy scheme for power management and a 

practical code to implement in hardware. 

 

This study can be proposed as a hybrid energy 

system for use in stand-alone power systems, for 

supplying oil well electric submersible pump, used 

in oil and gas facilities. 
 
 

 

 

Nomenclature 

 

Co2 Carbon Dioxide Emission 

DC Direct current 

DC/DC DC to DC Converter  

FMI  finite state machines 

G Irradiance (W/m2) 

Li-ion Lithium- ion  

PEMFC  Proton-Exchange Membrane Fuel-Cell 

Pbt  Batterie power (W) 

Pload Load power (W) 

Pv  Photovoltaic array  

Pfc Fuel cell’s power (W)  

qH2 Hydrogen flow rate (Mol/s) 

SOC State of charge of battery (%). 

T Temperature (°C) 

Pload 

  
 

Load power (W) 
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