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Abstract— To optimize a battery storage photovoltaic system, it 

is necessary to exploiting continuously the maximum power 

generated by photovoltaic array under variation in the weather 

conditions. This exploitation overcomes the problem of 

mismatch between the photovoltaic generator and nonlinear 

load (battery). In this paper, we present a system transferring 

power from photovoltaic module to a battery through an 

adaptation method based on an average model of a DC/DC buck 

converter. This average model is employed to overcome the long-

term simulations problem and effects of states of charge to 

electrochemical load. It is controlled by a simple curve fitting 

technique method. The high performance and the effectiveness 

of the average model DC/DC converter and appropriate control 

method are investigate through the Matlab Simulink software, 

in order to confirming the optimization of automatic charging 

system during a real irradiation day. 

 

Keywords— Average model dc-dc buck converter, Maximum 

power point tracking algorithm, Curve fitting technique method, 

Electrochemical load, Lead acid battery. 

I. INTRODUCTION 

The reduction of greenhouse effect, generated by fossil fuels, 

motivates many scientists to have recourse the renewable 

energies not polluting. Among these energies one finds this 

photovoltaic (PV) whose electrical energy is produced by PV 

panels [1]-[5]. 

      However, two principal constraints constrain the 

operation of these systems. The first is solar cell conversion 

efficiency which does not exceed 20% of the received energy. 

The second concern the critical interactions between the 

sources and load (battery) which is nonlinear. This 

nonlinearity is due to: 

• The instability of irradiation during a day because of 

weather conditions variable. 

• The nonlinear characteristics of electrochemical storage 

battery [4]. 

      One finds in literature a few results concerning the 

interaction optimization between the photovoltaic sources and 

loads. Particularly, the work in [7] has treated the solar array 

as a current source; it has tracker the maximum power points 

to optimize the operation to system. The principle of energy 

conservation was used in this work and it was implemented in 

a digital signal processor. The experimental results show 

excellent performance, but it doesn't present a battery model 

allowing us to have a real dynamics of the energy storage 

system. Similarly the work in [8] focuses on the control of 

battery charging evolution but without consider of the effects 

of irradiation instability on the dynamic operation of the 

system. 

       Firstly, this work investigates how the irradiation 

affects the performance of solar power generation. Secondly, 

we discusses the topology of the power interface used, the 

control method to exploit the maximum power generated by 

photovoltaic array and dealer us the dynamic battery model 

(Electrochemical load). Finally, the simulations results of 

energy storage system during a real day will be illustrated 

II. DESCRIPTION AND MODELLING  OF THE BATTERY 

STORAGE PHOTOVOLTAIC SYSTEM  

In this study, battery storage photovoltaic system is composed 

by these following subsystems: 

A PVG constituted with 72 solar cells in series. 

 Variable controller of tracking power point maximal   

(MPPT).  

DC/DC converter. 

Battery model. 

This system can be described by Fig. 1 
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Fig. 1 Diagram of the photovoltaic battery-storage system 

 

The following sections present the modeling and 

characteristic of each subsystem of battery storage 

photovoltaic system. 
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A.  Photovoltaic Generator modeling and characteristics    

analysis 

 The electrical model and parameters of solar cell are 

illustrated in Fig. 2. This model is useful to simulate the PV 

array behaviour with Matlab-Simulink Software. 
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Fig. 2. Photovoltaic cell equivalent circuit 

 

The relationship between the PV cell output current and 

voltage is given by [1]. 

exp 1 (1)
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Where  I
p

 and V
p

 is the output current and output voltage 

of a solar cell, respectively; I
ph

is the generated current 

under a given irradiation; I
p

is the reverse saturation current 

of the diode. 
nK TBVT q

  is the thermodynamic potential of the cell. 

 
Where

 q  is the charge of an electron;
 BK is the Boltzmann's 

constant; n   is the ideality factor for a p-n junction; T is the 

temperature of a solar cell (°K).
 

      Conceptually, photovoltaic cells are grouped together in 

order to form solar array. The relationship between the PV 

array output current and voltage is given by [2]. 
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      Where pvI Np Ip 
 
is current delivered by the Np cells 

of parallel generators; Vpv Ns Vp    is the voltage produced 

across the photovoltaic generator composed toNs series cells. 

       In the following table are shown the characteristics of PV 

panel 135 W brand used in our work. 

 

TABLE I 
 PHOTOVOLTAIC MODULE PARAMETRES 

135P Wcopt   7,39I Aopt   17,6V Vopt   

21,9V Vco   8,02I Acc   72Ns Cells  

The waveform in Fig. 3 shows the effect of the illumination 

on  PV PVV f P characteristic of our photovoltaic 

generator. 

 
Fig. 3. Variation of the GPV power and voltage, for different values of the 

illumination at fixed temperature 

 

B. Maximum Power Point Tracking  Algorithm 

The photovoltaic voltage and current can represent the 

maximum power point (MPP). The photovoltaic voltage is a 

preferable control variable because [9]: 

 The temperature range variation of the photovoltaic 

cell is very limited 

 The irradiation variation significantly affect the 

photovoltaic cell current, however this irradiation 

doesn't have impact on cell tension. 

Many maximum power point tracking techniques for 

photovoltaic system have been developed to maximize the 

produced energy and a lot of these are well established in the 

literature. starting with simple techniques as the perturbation 

and observation (P&O) technique or the incremental 

conductance, Recently, FLC has been introduced in the 

tracking of the MPP .They have the advantage of being robust 

and relatively simple to design, they do not require, on the 

other hand ,complete knowledge of the operation photovoltaic 

system by the designer [10].  

In our case, the recommended control is the Least Square 

method which presents rapid response. This is based on the 

measurement of the illumination as the set-point variable for 

generating the duty cycle required to the converter which 

generates thereafter the output power adequate. The equation 

that manages the MPPT method is as follows: 

6 5 4 3= c + c + c + c56 4 3ref ref ref ref ref

2
+c + c + c2 1 0ref ref (3)

P V V V V

V V

  
The following figure shows the MPP trajectory for different 

irradiation values:  

0 5 10 15 20 25
0

20

40

60

80

100

120

140

Vpv(V)

P
p

v
(
W

)

Ppv = f ( Vpv ) , à  E : variable et T= 25°C

 

 

E: 600 W/m²

E: 700W/m²

E: 800W/m²

E: 1000W/m²

Admin
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608




 

Fig. 4. Trajectory of Maximum Power Point of the Photovoltaic generator 

 

C. DC/DC Converter Model 

In stand-alone photovoltaic power systems, the output voltage 

is effectively a constant DC bus due to the slow dynamics of 

the batteries [9].  

Fig.5 presents the topology of the battery storage photovoltaic 

system: 
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 Fig 5. Topology of the energy storage system 

 

The buck converter operates as the power interface between 

the photovoltaic module and load (battery). Ts and d denotes 

respectively the switching period and the controlled duty ratio. 

Fig. 6 shows the control signals of the switch SW 

                     d*T                                          T       t

             

SW

1
T on T off

 
Fig. 6. Switch waveform of the converter 

 

There is two stages, first SW=1 and second SW=0         

1) Average model of DC/DC converter 
To model the converter we choose two state variables 

including capacitor voltage ( )Vbat t  and inductor current ( )iL t . 

The system state space representation is 

(4)

x A x B u

y Cx Du

 

 



  

Where: 

u  is the input vector, y is the output vector and x is the 

status variables vector.  ,
T

iL Vbat , u Vpv
 
and  y Vbat   

 During the first stage [0 , dT] the equivalent system 

topology is as follows  
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Fig. 7. Equivalent circuit (stage 1) 

If we apply Kirchhoff’s law 

di Vpv dL
dt L L

                                                                        (5) 

1 1
*dVbat iLdt C C

                                                                (6) 

Spaces of states of the matrix are written as following:  

0 0

0 0

d ddi
L

i VpvL LLdt
d dVbat IbatdVbat

dt C C

    
       

                
        

                 (7) 

In this interval, the state space model and matrices are: 

 1 1 x A x B u  and  1y C x
 

with   

0 0
0

,1 1 1 1
0 0

   
     

       
     
      

d d
T

L L
A B and C

d d

C C

                        

 During the second stage [dT, T], the equivalent 

system topology is as follows:  
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Fig. 8. Equivalent circuit (stage 2). 
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If we apply Kirchhoff’s law  

di VbatL
dt L

    and   
IPVIbat

d
                                         (8) 

                                                                         

Spaces of states of the matrix are written as following: 

1
0 00

1
1 0

0

ddi
L i VpvL Ldt

d
d Vbat IbatdVbat

Cdt C

                                 

                (9) 

 

In the interval, the state space model and matrices are: 

 2 2 x A x B u  and   2y C x
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Finally, the averaged model state equation can be obtained 

(10)

x A x B u

y Cx
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
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Where 
2
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1
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1

0

d d

L
A dA d A

d d

L

   
 
    
  
 
 

                                     

2

0

(1 )1 2
0

d

LB dB d B
d

C

 
 
    
 
 
 

                                          

0
(1 )1 2 1

 
     

 

T
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2) Dynamic response of the DC/DC converter 

The elaborated model is simulated in Matab/Simulink with 

the following parameters: 

 

TABLE II 

SIMULATIONS PARAMETER  

17,6Vpv Vopt   FOR E = 1000W / m² and T = 298 ° K
 

12Vbat V
,  

55C F
, 

120L H
 ,    

D = 0.68  

 

Fig. 9, Shows the dynamic behaviour of the converter when a 

change of illumination occurs. We notice that the output 

voltage to the DC/DC converter requires 10 milliseconds to 

stabilize. This result allows us to discern that this converter 

can provide both high-precision. 

 

 
Fig. 9.  Temporal response of the average back converter 

D. Battery Model 

A parameterized dynamic model used to represent most 

popular type of rechargeable battery.[7]. The equivalent 

circuit of the battery is shown below: 
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Fig. 10 Battery model lead acid type 

 

     The relationship governing the charging and discharging 

of this battery are given by next equations: 

 Discharge Model 
*( 0)i   

* *( , , , )1 0

( )1 0 (11)
( )

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

Q it Q it

Exp s
Laplace

Sel s

  
 

   
  

 

 Charge Model 
*( 0)i    

* *( , , , )2 0 0,1

( )1 1 (12)
( )

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

it Q Q it

Exp s
Laplace sSel s

  
  
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  

 

0 0.005 0.01 0.015 0.02 0.025 0.03 0.035 0.04 0.045 0.05
6

8

10

12

14

16

18

Time (s)

V
o

lt
a

g
e

 (
v
)

Admin
Typewritten Text
Copyright IPCO-2017
ISSN 2356-5608




Where:  

Ebat
 = Nonlinear voltage ( )V , 

0
E = Constant voltage ( )V  

( )Exp s = Exponential zone dynamics ( )V  

( )Sel s = Represents the battery mode. ( ) 0Sel s   during 

battery discharge, ( ) 1Sel s  during battery charging 

K  = Polarization constant 1( )Ah  or Polarization resistance 

( hm )O s                                                                             

*i = Low frequency current dynamics ( )A  

i = Battery current ( )A  

it = Extracted capacity ( )Ah  
Q = Maximum battery capacity ( )Ah  
A = Exponential voltage (V)  

B = Exponential capacity 1( )Ah  
 

The parameters of the equivalent circuit can be modified to 

represent a particular battery type, based on its discharge 

characteristics.  

A typical discharge curve is composed of three sections, as 

shown in the fig.11. The first section represents the 

exponential voltage drop when the battery is charged. 

Depending on the battery type, this area is more or less wide. 

The second section represents the charge that can be extracted 

from the battery until the voltage drops below the battery 

nominal voltage. The third section represents the total 

discharge of the battery, when the voltage drops rapidly.  

     Nom
inal area

    
   

Exponentie
l

area
V full

V exp

V nom

     
    E

nd of 
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End of n
ominal 
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Q exp Q nom Q  
Fig. 11 Typical discharge characteristics 

 
In our case, we used a lead acid battery whose characteristics 

are illustrated in the following table: 

 

TABLE.III.
 

BATTERY PARAMETER 

Nominal voltage  

battery 
12V Vn   

Nominal capacity 

battery 
100maxQ Ah  

Full charged voltage 13Vfull V  

internal resistance  

battery 
0,0012r

n
   

III. LONG TERM PERFORMANCE TEST  

This test aims to investigate the efficiency of our average 

model converter for solar charger applications and the 

effectiveness MPPT method during an unstable irradiation 

day. This test is done with following data:  

 The signal of experimental measurement, illustrated 

in Fig. 12, is processed with Matlab   software under of 

samples 15 milliseconds 

 

Fig. 12. Variation of the illumination during a day in Tunis 

             (Tunisia) on 05 April 2012 [2] 

 

 In our case, the solar irradiation not exceeded 

900W / m², consequently, the PV module of the brand 

KYOCERA 135W does not exceed 110W 

The simulations results illustrated by Figs. 13, 14, 15 and 16 

show that: the duty cycle change which control the converter 

is proportional the change of solar irradiation. This converter 

operate at maximum power points, it presents no power loss 

as shown in Fig. 14. The maximum power generated by the 

panel is transferred to the battery. The difference which 

appeared in Fig. 15 is due to the voltage drop caused by the 

internal resistance of the load. The changes of battery 

characteristics ( batI , batV ,SOC ) and the same of GPV ( PVP ) 

proportionally with the variable illumination shows the 

efficiency and the performance of this average model of the 

DC/DC converter and also the control method used. As an 

addition, the simulated data was analysed to calculate the 

efficiency of converter, which was calculated based on 

energy extracted by converter and the energy stored in the 

battery. It was evaluated at 91%. 

 
Fig. 13. Duty cycle variation 
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Fig. 14.  Output power of the converter and power output of the photovoltaic 

generator  
 

 
Fig. 15. Variations of the GPV power and the power battery as a function 

time 
 

 
Fig. 16. Variations of the characteristics of the battery and the GPV power 

IV. CONCLUSION 

     The studies of this DC/DC converter based on a new 

average model and his control which based on the least 

squares method are developed in this paper in order to 

optimize the power to our  photovoltaic battery- storage 

system. This new model is an average buck converter based 

on state matrices, in which the energy loss is not present. This 

proposed control method is to adjust the output voltage in 

changing duty cycle, in which the response time is rapid. 

  The simulations results confirm the high performances for 

optimization to energy transfer for this photovoltaic battery-

storage system.     
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