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BACKGROUND 
The use of energy storage systems for green technologies as a method of integration to the grid continues to increase, know what 
type of battery to use when implementing these systems is a major factor in consumer and user cost based decisions. 

 
OBJECTIVE 
Model and simulate of an equivalent lithium-ion and lead-acid cells, based on the electrical model of a battery, whose output values are 

dependent of the state of charge. 

 
RESULTS 
Comparing the experimental data versus data simulation, the lithium-ion battery presented an error in voltage between model and reference 

battery of 0.1552%, while the lead-acid battery presented an error of 1.5271%. 

The lead model presents more enunciated voltage drops with each discharge current in comparison with the almost constant voltage of the 
lithium battery. 

 

CONCLUSION 
SOC and voltage values of the models maintain close relationship with the practical data, for that reason, it was proven that the Parameter 
Estimation Method is optimal for generating battery models independent of their chemical properties. The resulting models allowed 

simulations with high precision and the capability to be used together with other simulation elements. 

 

KEYWORDS: State of charge, Energy Storage system, Equivalent circuit batteries. 
 

INTRODUTION 

 

From appliances at home to complex machinery implemented in the industry, require electricity to operate. 

Given their extensive use and importance in our daily lives, alternative ways are needed to produce and 

distribute electrical power to supply the demand [1]. 

The development of alternative energy systems and innovation in battery technology have allowed the 

creation of green energy systems, which provide an effective solution to the growing problem of energy 

consumption. Power is stored in battery packs, reducing the consumption of fossil fuel product while allowing 

an effective way to transport the energy to places where a connection to the grid is not possible [2][3].  

In PV plants where the intermittent power generated presents a problem at the time of integration to energy 

networks, an energy storage system (ESS) can grant the best solution. Either by using super capacitors or 

batteries independently or forming a hybrid arrangement between the two configurations [4], [5], [6][7]. 

Being batteries electrochemical elements, characteristics of voltage and capacity will depend on the 

materials from which they are made. By simulating the behavior of a battery according to fixed parameters of 
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voltage and capacity, it allows the user to use different options when designing their storage system, generating 

an important impact on its cost [8][9][10]. 

In the area of battery simulation, different methods have been implemented using MATLAB® as a main 

tool. Between those methods, the most relevant to this work are the representation of the model in 

SimPowerSystem from [2], adjusting data by fitting curves using regression and interpolation (Curve Fitting 

Tool) implemented in [6], the parameterization numerical optimization performed in [11], and the parameter 

estimation (Control and Estimation Tool) in [12], from where the values of the lithium-ion cell variables were 

taken as reference for modeling. 

By taking in consideration all of the above, this paper presents the modeling and simulation of an equivalent 

lithium-ion and lead-acid cells, based on the electrical model of a battery. Whose output values are dependent of 

the state of charge. These cells allow simulation and visualization of the behavior of the batteries while applying 

charging and discharge currents. Letting the user to determine which battery meets their needs through a 

simulation [13][14][15]. 

This paper is organized as follows. In section two the battery model, its characteristics and the equivalent 

circuit is identified. In section three, the battery modeling is performed using the tool SimulinkTM by taking in 

consideration all the elements in a battery cell. In section four the results of the simulation are shown. Finally in 

section five the conclusions reached during the exercise are presented. 

 

The Batteries: 

A battery consists of one or more cells connected in series, parallel or both configurations together, 

depending on what the user requires in electrical output characteristics and energy storage [6]. Fig. 1 shows 

these configurations that normally conform the supply of solar panels. 

 
Fig. 1: Electrical Storage Scheme 

 

In this work two batteries of different chemistry, often used for energy storage in photovoltaic plants were 

selected. The first is a lithium-ion used in small-scale applications but with high production costs. The second is 

a lead-acid battery, more accessible and cheaper for the user [16]. This in order to perform modeling and 

simulation of both batteries to compare how they behave when discharge currents are applied [17]. 

 

A. Battery Electrical Model: 

The difficulty of making a battery resides in the parameters the model handles and the chemistry it involves. 

There are various mathematical models that capture the behavior of a battery for specific purposes, from the 

design to its performance, in order to represent their effects during practice but tend to be very abstract [18]. 

It is necessary to use different methods of approach, to convert practical data obtained in a laboratory, in 

reliable models that simulate the behavior of batteries [11].  Management and data collection is a critical process 

due to the importance of taking the proper precautions to avoid overloading or completely discharging the 

batteries. Otherwise the process can result in damage to the cells or in risky situations for users [19].  

The factors taken into account for the elaboration of the batteries model are the state of charge (SOC), 

capacity, voltage and current. The SOC is one of the most important parameters in battery technology study, due 

to giving the user information regarding charging and discharging times. Unlike voltage and current, the state of 

charge is not a value that can be measured or obtained directly. It can be defined as the ratio between the 

remaining capacity (Rcapacity) and the nominal capacity of the battery (Ncapacity) [20][21]. This ratio is 

represented by equation 1. 

 

𝑆𝑂𝐶 =  
𝑅𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦

𝑁𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦
              (1) 

For the purposes of researching only voltage-SOC dependent variables, this paper does not take into 

account the temperature cycles or the self-discharge phenomena of the battery.  

Given the complexity of replicating their behavior and the required parameters for simulation, a model that 

resembles the information obtained from practical data of charging and discharging batteries is made. It starts 



17                          Nueva Granada, 2016/ Journal of Applied Sciences Research. 12(12) December 2016, Pages: 15-21 

 

with an equivalent electrical circuit that behaves the same way a battery cell would normally do. This circuit 

consists primarily of an array of resistors and capacitors connected to an ideal voltage source [22], as seen in 

Fig. 2. 

 
Fig. 2: Thevenin Battery Model 

 

By adding more RC blocks, overload behavior and self-discharge in open circuit can be reviewed, depending on 

the analysis of the problem [6]. In this case, only one RC block is considered, where the values of the equivalent 

circuit components depend on the battery’s state of charge. This values are indicated in  

Table 1. 

 
Table 1: Variables and lookout tables corresponding to the elements of the equivalent circuit. 

Circuit Variables SimscapeTM Lookout Tables 

R0(V,I) R0(SOC) 

R1(V,I) R1(SOC) 

C1(V,C,I) C1(SOC) 

Em(V) Em(SOC) 

 

I. Battery Modeling In Simulink®: 

By implementing ssc files, MATLAB® allows users to create and program their own blocks inside the 

simulation environment provided by Simulink®. First, the Simscape customized blocks have to be created by 

setting the parameters with the initial values in the Lookout tables. Knowing how the elements behave, 

equations 2, 3 and 4 are programmed into each block. Affecting and ruling the electrical behavior of the models. 

R0, R1 → 𝑉 = 𝑅 ∗ 𝑖              (2) 

C1 → 𝑖 = 𝐶 ∗
𝑑𝑉

𝑑𝑡
              (3) 

Em → 𝑆𝑂𝐶 = 1 −
𝑄𝑒

𝐶𝑎𝑝
              (4) 

Where equation 4 takes into account the discharge coefficient (Qe) and cell capacity (Cap) for the values of 

SOC, from which the other elements depend. 

With the files containing the equations ruling each element and the variables to consider in the simulation, 

the ssc_build tool converts the programs into the required Simulink® blocks. Resulting in a library with three 

blocks representing a capacitor, an ideal source and a resistor.  They are connected within the simulation space 

following the Thevenin model, obtaining the equivalent circuit of the cell that can be seen in  

Fig. 3. 

 
 



18                          Nueva Granada, 2016/ Journal of Applied Sciences Research. 12(12) December 2016, Pages: 15-21 

 

Fig. 3: Equivalent Circuit with custom blocks in SimscapeTM 

 

To make an accurate model of the cells, experimental data used as reference was obtained from lithium 

batteries examples in [2] and lead-acid batteries examples in [8]. Afterwards, they were compared with battery 

data available in the toolbox of Matlab. In  

Table 2, the data relating the SOC and the voltage of each battery type is shown. 
 

Table 2: Experimental data taken as reference for modeling the batteries. 

Current SOC 
Li-on 

Voltage 

Lead –Acid 

Voltage 

0 
100 

4,414 4,118 

-36 4,075 3,763 

0 
91,74 

4,117 3,875 

-36 4,069 3,743 

0 
83,47 

4,113 3,863 

-36 4,064 3,717 

0 
75,21 

4,110 3,848 

-36 4,058 3,686 

0 
66,95 

4,106 3,829 

-36 4,051 3,645 

0 
58,68 

4,102 3,805 

-36 4,041 3,591 

0 
50,42 

4,096 3,773 

-36 4,027 3,514 

0 
42,16 

4,087 3,728 

-36 4,006 3,399 

0 
33,89 

4,075 3,66 

-36 3,971 3,205 

0 
25,63 

4,055 3,545 

-36 3,904 2,811 

0 17,37 4,015 3,313 

 

With MATLAB® Parameter Estimation tool, the final values of the variables are found. After each 

discharge current, the program checks the voltage output of the reference model and the SimscapeTM model for 

comparison. If the values do not match, the modeled cells values are modified and re-verified. This process 

repeats until the final values are obtained. The basic scheme of operation of this tool is shown in Fig. 4. 

 

Do they 
match?

Modify 
Parameters

Discharge 
Current 
Signal

Model in 
Simscape

Battery 
Model

Voltage 
output from 
Simulation

Experimental 
voltage 
output

New Em, R0, 
R1, C1 values

Em, R0, R1, C1 Final 
Values

No

Yes

 
Fig. 4: Operational low diagram of the tool MATLAB® Parameter Estimation 

 

Results: 

With both lithium and lead models created, simulations to check their behavior when applying discharge 

currents were performed. 
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Initially, these simulations are made to find out if the models reacts similarly to their real counterparts by 

taking into account the discharge parameters. Subsequently, the behavior between the two models are compared 

to classify them according to their performance, in order to choose the type of battery that best fulfills the user 

requirements. 

By applying a discharge current, as can be seen in  

 

 

 

 

 
 

Fig. 5, the SOC and voltage values between models and reference batteries have minor differences.  
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Fig. 5: Simulation results between models and batteries by applying discharge currents. 

 

The SOC values from the models match the values of the reference batteries, indicating that the lookout 

tables are relating the voltage with the capacity, achieving an accurate approximation of the behavior. 

By comparing the experimental data versus data simulation, the lithium-ion battery presented an error in 

voltage between model and reference battery of 0.1552%, while the lead-acid battery presented an error of 

1.5271%.  

In Fig. 6, by comparing the graphs of the lithium and lead models, differences between the discharge time 

and battery voltage values at specific points of the SOC can be noticed. 

 
Fig. 6: Models behavior by applying a discharge current. 

 

The results of the simulation show how the values of voltage and SOC from the lead model varies slightly 

from lithium model. Analyzing the SOC graphic it can be seen that the lead model discharges faster in 
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comparison to the lithium model. This is directly related to the power of the battery, where the voltage drops 

abruptly as the SOC values approaches 0. 

Furthermore, the lead model presents more enunciated voltage drops with each discharge current in 

comparison with the almost constant voltage of the lithium battery. 

 

Conclusions: 

SOC and voltage values of the models maintain close relationship with the practical data, for that reason, it 

was proven that the Parameter Estimation Method is optimal for generating battery models independent of their 

chemical properties. The resulting models allowed simulations with high precision and the capability to be used 

together with other simulation elements. 

Due to the simulation blocks being made from the pattern of a battery cell, they can be interconnected in 

various ways for different cell configurations according to what is required to analyze or simulate. The previous, 

given that the model in this article does not take into account the temperature, the phenomenon of self-discharge 

and aging effects on the battery.  

With final models, the results were obtained by applying simulated discharge currents in the same way that 

would be obtained when performing the exercise with an actual battery, which allows the user to determine 

which battery meets their needs through a simulation without resorting to several experimental tests.  

Due to the results obtained during the simulation, it is expected to use the models to create storage systems 

for tests and analysis along with photovoltaic systems. 
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