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Abstract— this paper presents a methodology of the battery 

modeling based on experimental tests results. As main 

contribution, authors conducted an analysis of the main 

constraints and effects of each parameter of the batteries model 

on its behavior and lifetime. This can help to improve the 

accuracy of the model. Due to its capability to model the recovery 

effect and the rate-capacity one, the Kinetic Battery Model serves 

as basis of the study. Results of experimental tests are used to 

realize the analysis and to define the suitable methodology of 

batteries parameters identification. These last can serve for 

prediction and estimation of the battery lifetime according to the 

actual operating conditions, particularly in microgrid and 

distributed systems. 

Keywords—Kinetic Battery Model; Modelling; Lead-acid 

battery, Energy storage; Characterization; Experimental tests. 

I. INTRODUCTION 

 Nowadays, there are several challenges concerning the 
energy production and consumption over the world [1][2]. The 
innovative and promising ways are related to the smart grid 
that are based on the mixing of the energy sources and storage 
devices [3]–[6][29]. So, the combination of different kind of 
renewable and fossil energy can help to reduce de gas emission 
and global warming.  But, this objective is facing on several 
constraints such as the investment costs, the hard variations of 
energy resources, and the difficulties in prediction of the 
renewable productions that can affects the system autonomy. 
For these reason, the energy storage become an interesting 
alternative to improve the energy availability and to solve the 
problem of correlation between production and consumption.  
 Conditions of batteries tests conducted by the 
manufacturers are generally very different to the actual 
operations. So, the predicted lifetime can be very short than the 
previous one [7]–[10][32]. Knowledge of renewable energy 
system shows that a battery’s lifetime is drastically reduced by 
the intermittencies of the operating power. An accurate model 
is required for online estimation of the batteries performances 
and lifetime, in aim to ensure the power supply availability and 
efficiency, particularly in autonomous system. 
 In this paper a methodology of battery modeling based on 
the “Kinetic Battery Model (KiBaM)” is presented and 
illustrated through experimental tests, performed by authors. 
The behavior of the batteries and their performances are 
studied and the simulation model is established. From the 

resulting knowledge, the batteries failures and damage 
mechanisms can be estimated for lifetime improving according 
to the actual operating conditions of the batteries.  The main 
advantages of the Kinetic Battery Model is due to their ability 
to model the recovery effect of the battery and the rate-capacity 
one [27]. This paper presents an analysis that can help to 
establish an accurate model of lead-acid and lithium-ion 
batteries. 

II. KINETIC BATTERY MODEL (KIBAM)   

 Several modeling approaches can be found in the literature 
[11] - [13][25][30][31]. Some of them are devoted to the 
modeling of batteries and their lifetime estimation. The most 
commonly used model, called “performance model”, is based 
on the battery state of charge (SoC) evaluation [14] [15]. The 
“voltage model” serves to estimate all the time the voltage of 
the battery. In general cases, it takes the losses into account. 
The “model of lifetime” can be obtained from aging 
experimental tests based on different scenarios [18] [19]. Some 
authors propose a combination of the previous model to 
improve the accuracy of the model in simulation and 
calculation [11] [20]-[23].  

In this paper, the kinetic battery model (KiBaM) that was 
initially proposed by Manwell and McGowan (1993) [24] [11] 
[16] is studied due to its simplicity and good performances. 
But, much work remains to be done to improve the 
methodology for estimating of the weight of each degradation 
mechanism on the lifetime and for calculation of the model 
parameters. The KIBAM is defined by two parts named 
capacity and voltage models. 

A.  Capacity Model (CapMod) 

The battery capacity can be modeled as a two tanks system 

with a cumulated capacity q, with different volumes, with unit 

depth and different widths. The tank 1 contains the capacity q1 

that is immediately available to supply energy while the tank 2 

contains the capacity q2 that is "chemically bound", according 

to (1). The conductance ‘k’ between the two tanks is defined 

as a first-order rate of a chemical reaction/diffusion process by 

which the bound charge becomes available. This rate is 

assumed proportional to the difference in “head” of the two 
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tanks. The width of tank 1 is c, and that of tank 2 is (1-c). The 

initial capacities q1,0 and q2,0 are the amount of available and 

bound charge, respectively, with q0=q1,0+q2,0. The nominal 

capacity qnom corresponds to the absolute value of the 

maximum capacity of the battery at the limit of zero-current 

discharge (or charge), by assuming a constant current over the 

time step ∆t. 
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The state of charge (SoC) is defined as 0 ≤ SoC ≤ 1. The 

battery is fully discharged (“empty”) when SoC = 0 and fully 

charged (“full”) when SoC = 1.  

B. Voltage Model (VoltMod) 

The Voltage Model (VoltMod) is defined as a SoC 

dependant electromotive force E (emf) in series with a 

constant internal resistance R0. The battery voltage decreases 

slowly and quasi-linearly in the first part of the discharge 

curve and decrease quickly after the knee, when the battery is 

nearly empty.  

In (2), qmax(I) is defined as the maximum discharge 

capacity at a given constant discharge current I, and qmax is the 

maximum possible capacity at I=0, provided by the 

manufacturer or estimated from experimental tests. E0 is the 

full charged internal battery voltage, after the initial transient.  
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C. Method of the KiBaM Characterization 

The parameters (E0, A, C, D, c, k, qmax) of KiBaM model 

may be found by estimated from the Levenberg-Marquardt 

algorithm, applied to at least 3 sets of tests results of discharge 

process with constant current, according to Fig.2. The voltage 

drop ∆V0 serves to calculate the internal resistance according 

to (3). The current expression of (3) serves to estimate the 

constants of the capacity model (c, k, Qmax). Tests are 

performed with constant current over the maximum discharge 

time, until the voltage curve begins to drop off sharply [28]. 

Then the maximum capacity is estimated. 
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III. LEVENBERG-MARQUARDT OPTIMIZATION METHOD  

Levenberg-Marquardt (L-M) optimization method is suitable 

to solve multivariable nonlinear systems. It serves to find the 

optimal solution that minimizes the objective function. The 

minimum is reached when the gradient of the objective 

function f(xk) is equal to zero, with the vector x ϵ R
n
 of 

unknowns and xi the value of x at the k-th iteration. 

Let define the error vector, to minimize, as (4). 

ε� = f(x�)           (4) 

At each step, the vector of variables x is updated according to 

the variation ∆xk (5) and the Jacobian matrix Jk of the 

objective function, by considering the n x n unit matrix I. 

 

�	
�� = 	
 + ∆	
																						∆	
 = −��
� ∗ �
 + ������
��
        (5) 

 

The number of the iterations necessary to reach the 

convergence depends on the value of the damping coefficient 

β [26]. A small positive of β initial value can be defined. 

The L-M serves to estimate the optimal values of the battery 

model parameters (c, k, qmax, E0, A, C, D) from experimental 

tests results.  

The partial derivatives are calculate as (6) and (7) from the 

current expression (3). 
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�
��
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With,  α(t) = � !"#$&()*+%-(&) + ct'1 − e��&,    

���
�
���

�3
�34 = 1							
�3
�5 = X									
�3
�7 = 8

9�:						�3
�; = �78

(9�:)-

          (7) 

The iterative procedure of the parameters estimation is applied 

to the experimental tests results performed with constant 

current of discharge. At least three tests are necessary with 

different level of current. In Fig.2, it can be observed the 

voltage variation in discharge process at constant current. 

The capacity removed qout when voltage decrease from point 

A to B is estimated for each test current. Then, results of tests 

are used in the L-M optimization method for model 

parameters estimation. 
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IV. EXPERIMENTAL RESULTS 

a. LEAC-ACID BATTERY MODELING 

A PFX2021 module of Kikusui (Fig.3) is used for 

experimental tests of cycling and ageing of the battery. 

Ambient temperature can be controlled by a thermoelectric 

temperature chamber. Communication between the cycling 

test unit (CTU) and the climatic chamber is ensured by the 

RS485/RS232 converter. A control unit module is interfaced 

between the CTU and the Computer (PC). Dedicated software 

is used for system configuration and data storage on the 

computer. In the first experimental tests, two Depths of 

Discharge (DoD) are applied to a Valve Regulated lead-acid 

battery Yucel Y14-12 (14Ah, 12V) cycling. Discharge curves 

of the battery from 14v to 11v versus the charge removed are 

presented in Fig.4 for different currents values. Compared to a 

high level DoD of Fig.5, it appears a fast discharge slope after 

the discharge knee. 

From Fig.6, it appears that the voltage drops, at the starting 

(∆V0) and at the end (∆V) of the discharge process. The value 

of drop varies according to the current level.  

��
��
��
�<=>>_�@A�A = BC_DEFDF�BC4_DEFDFBC4_DEFDDF 					
<=>>_�@A��A = BC_DEFDDF�BC4_DEFDDFBC4_DEFDDF<=>>_CG = BC4_DEFDF�BC4_DEFDDFBC4_DEFDDF 						
<=>>_C = BC_DEFDF�BC_DEFDDFBC4_DEFDDF 											

             (8) 

 
Fig.1. Electrical circuit of the battery cycling test bench. 

 

Fig. 2. Variables of the model parameters estimation, accroding to the time to 

voltage curve. 

 

Fig. 3. Experimental tests bench of the battery cycling and ageing. 

The voltage drop ∆V0_14v11v is defined to serve a reference 

for comparison in the two cases of DoD, according to (8). 

Errors of estimation are presented in Fig.7 which shows that 

the voltage drop varies according to the current value.  

i. APPROACHES OF INTERNAL RESISTANCE ESTIMATION   

    The internal resistance can be estimated from different ways 

according to (9) and Fig.8. For all cases, the value of the 

resistance is dependent to the current level. 

���
��R0= ∆V0I 		
R= ∆V

I 					
R2= ∆V2I 		

     (9) 

 

Fig.4 Removed charges to Voltage variation curve.  

 

Fig.5 High DOD  (14V-1V) effect on the voltage profile in discharge mode 
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Fig.6 Voltage drop variation for each current level. 

 

Fig. 7 : Errors between voltage drops in the two cases of DoD. 

 
Fig. 8 : Variation of the internal resistance. 

Results presented in Fig.9 are obtained from 

experimental test with 10A current, for voltage varying from 

14V to 11V at three different, but narrow, values of 

temperature (26°, 27°, and 28° respectively for test 1 to 3). 

 
Fig. 9 : Effect of temperature on internal resistance for same current of 10A. 

Index “c” is for charge process and “d” for discharge case. 

 
Fig. 10 : Charge removed vs. Current level and the slope capacity. 

 

In Fig.10, different values of current are used to discharge 

the battery from 14v to 1V and from 14v to 11V. The 

difference between the two curves corresponds to the charges 

extracted from the slope phase occurring from 11V to 1V 

(section BC in Fig.2). This last is also presented in Fig. 11 

with the corresponding ratio, related to the total charge 

removed for each current.  

The variations of the floating voltage according to the 

current level are estimated in discharge case from 14v to 1v 

and linearized, as shown in Fig.12. 

ii. ESTIMATED PARAMETERS OF THE MODEL 

Results of the experimental tests are used to estimate the 

KIBAM model parameters presented in Table I and II. The 

output of the model is compared to the experimental discharge 

voltage in Fig.13, which shows a good approximation of 

curves and illustrates the efficiency of the parameters 

estimation method. 

 

 
Fig. 11 : Variations of the charge recovered from the voltage slope  

 
Fig. 12 : Variations of the floating voltage vs. the current at the end of 

discharge 
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Fig. 13 : Performance of the model compared to the experimental voltage.The 
two signals are very closed due to the good estimation of the simulation model 

parameters. 

TABLE I.  PARAMETERS OF THE VOLTAGE MODEL 

E0 A C D R0 (Ω) ∆V0 (V) 

12,489 -5,09E-05 4,39E-06 15000 0,089875 0,719 

TABLE II.  PARAMETERS OF THE CAPACITY MODEL 

c k Qmax (mAh) 

0.06915 0.0193 14000 

 

b. LITHIUM ION BATTERY MODELING 

Tests are performed with a 5200 mAh Lithium ion battery. 

Effect of the discharge current levels can be observed in Fig. 

5. The voltage increase with the current value and the knee 

points are not the same. For each of the batteries, discharge 

tests at different discharge currents are performed per period 

of 25 cycles in aim to determine the aging characteristics at 

regular intervals. The slope of the lithium-ion in Fig.14 is less 

linear than the slope of the lead-acid batteries presented in Fig. 

This can induce more dispersion of the measured values than 

in case of the lead acid batteries. An adaptation of the initial 

model is realized by adding a manual adjustment phase based 

on the observation and comparison, this makes it possible to 

improve the precision of the model parameters. By applying 

the method presented above, combined with a manual 

adjustment, the parameters of the lithium-ion battery estimated 

are shown in Table III. 

 

 
Fig. 14 : Voltage variation of lithium-ion battery according to discharge 

currents and charge removed. 

 
Fig.15: Comparison between experimental tests and results of the 

established model of Li-ion for different currents 

 

By applying the method presented above, combined with a 

manual adjustment, the parameters of the lithium-ion battery 

estimated are shown in Table III. Tests are doing with constant 

current for 10, 25 and 48 aging cycles over a discharge depth 

of 80%. The slight variations of some parameters are 

compensated by those of the other parameters. Thus, the 

limited number of cycles does not allow observing 

degradation of the behavior. So, the parameters of the model 

can be defined for one or more number of cycles (less than ten 

cycles) without big changes between them. In Fig.15, curves 

obtained from the model are compared to the experimental 

results, for each discharge current considered and varying 

from 0.5A (model 1) to 2.5A (model 5) with incremental 

increment of 0.5A. Good precision is observed between the 

experimental curves and those of the corresponding model. 

TABLE III.  PARAMETERS OF THE VOLTAGE AND CAPACITY MODELS OF 

THE LI-ION BATTERY 

Parameters cycle 10 cycle 25 cycle 48 

c 0.83 0.824 0.886 

k 39.4 35 42 

A -1.434 -2.2 -1.64 

E0 8.2 8.07 8.14 

C 23.03 75.1 30.9 

qmax 3.01 3.53 3.49 

D 23.7 42.5 26.2 

R0 0.114 0.092 0.093 

 

V. CONCLUSIONS 

In this paper, behaviours of the lead-acid and lithium-

ion batteries are studied. The provided experimental results are 

used in the design of a simulation model and of a Battery 

Management System (BMS) which can take into account 

impacts of the micro-cycles on the batteries lifetime. This can 

help to define the decision rules and the batteries lifetime 

estimation tools. Tests are performed with a constant current. 
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From experimental results, for each value of test current, 

following behaviors are observed:  

From all the experimental tests carried out with a constant 

current, it will be able to make the following observations: 

- a voltage variation as a linear function of the removed 

charge; 

- a decrease of the charging voltage and a variation of the 

discharge modes according to the actual SOC. Their values at 

the beginning of each mode are very small compared to the 

end of the modes (when the current becomes zero); 

- the values of the estimated internal resistance vary according 

to the temperature level, to the operating mode (charge or 

discharge) and to the voltage drop considered. Small values 

are found when using voltage drop at the mode starting 

(charge or discharge) with linear variations as a function of 

temperature. The weakest values of resistance are observed in 

case of discharge mode; 

- the floating voltage depends on the value of the discharge 

current; 

- a large quantity of charges (20% to 50%) can be extracted in 

the part of the time-based slope of the voltage. The operation 

in the quasi-linear part makes it possible to reduce the life of 

the battery, it is the most advisable to optimize the batteries 

lifetime. Nevertheless, a complete study is necessary to verify 

the impacts induced by operation beyond the curvature of the 

slope. 

The estimated parameters of the model can provide a very 

good approximation of the experimental behavior of the 

battery. The models of the established batteries are used for 

simulations under Matlab / simulink for behavioral analysis 

but also for design calculations. Thus, they can help to the 

choice between technologies (lead-acid and Li-ion) by taking 

into account their dynamics in conventional sizing calculations 

based on the minimization of energy costs. 
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