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ABSTRACT 

 

 Air cooling technologies are of great significance for ensuring the robustness of lithium-

ion capacitor (LiC) batteries due to its simple structure and high cooling performance. 

However, the air-cooling system is encountering structure optimization challenges because of 

some variable factors. In this paper, a simple but effective air-cooling system is proposed to 

overcome the high generated heat issues in high power applications. Hence, a LiC battery with 

a two-side fan has been studied to investigate the cooling performance of the proposed thermal 

management system (TMS). On one side, the fan blows the air and on the other side, the other 

fan sucks the air. In the optimization part, the impact of the inlet-outlet of the system and inlet 

air velocity are studied to optimize the active cooling structure. The results indicate that the 

most significant factor is the inlet velocity, which has the most influence on the cooling 

performance. Results demonstrate that without a cooling system, the temperature of the LiC 

cell goes beyond 55 °C, which reduces the lifespan of the battery. After adding the active air-

cooling system to the cell, the temperature is controlled at 37.9 °C, which shows the 

performance of the proposed optimized cooling system. Besides, by utilizing the optimization 

method in which the inlet air velocity increased to 3 m/s, the maximum battery temperature of 

the LiC cell is reduced by 14% compared to the main case in which the air inlet velocity is 2 

m/s. 

Keywords: Lithium-ion capacitor, thermal management system, active cooling system, air 

cooling, optimization. 
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1. INTRODUCTION 

Recently, global warming and environmental pollution have become a great challenge 

worldwide. Electric vehicles can enhance energy efficiency and decrease fossil energy 

consumption which leads to a clean future environment. Among all kinds of battery cells, 

lithium-ion (Li-ion) cells have received more attention owing to high reliability, high durability, 

and high power density [1]. Nonetheless, Li-ion cells suffer from an escalated aging process 

when they are used as a source of energy in high power applications [2,3]. Therefore, lithium-

ion capacitors (LiCs) are introduced as they function in extended temperature window with high 

cycle life and nominal power capabilities in comparison with Li-ions [4,5]. However, regardless 

of positive features, LiCs may suffer from overheating because of excessive heat generation 

during high-current applications.  

Several research studies have been focused on the literature for thermal management of LiCs 

(and Li-ions), comprising passive and active cooling systems. Generally, air cooling, liquid 

cooling, Phase change material (PCM), and heat pipe cooling systems have been used widely 

for thermal management applications [6–12]. The air-cooling system is the most appropriate 

thermal management system owing to the low cost, simple structure, and high consistency. 

However, it suffers the low thermal conductivity and a hot climate [13]. The liquid cooling 

system has the best cooling performance to decrease the surface temperature of a battery cell. 

Nonetheless, the method needs a complex system and equipment comprising the pump and pipe 

which is costly. Moreover, it suffers liquid leaks from the pipe, which probably leads to short-

circuited. PCMs are also extensively used for thermal management of LiCs, and Li-ion cells 

based on the latent heat. They proved an acceptable cooling performance because of their 

sensible and latent heat capability. However, they suffer from low thermal conductivity and 

thermal stability [14]. Heat pipes are classified as passive cooling systems with high thermal 

conductivity. They have been used in many cooling applications, due to superconductivity 

effects. Nonetheless, they are costly and need a complex design.  

In the current paper, cooling technology via heat sink and air cooling is investigated. The low 

heat transfer coefficient of the air can be compensated by using the heat sink. Surface 

temperature histories and temperature gradients of the LiC are collected experimentally in 

natural and forced air cooling. The main objective of this study is to demonstrate the advantages 

of a hybrid cooling technology comprising an air-cooling system and a heat sink for thermal 

management of high power LiC cell, as the test module for vehicle application for thermal fluid 

analysis. Computational fluid dynamics (CFD) is utilized to optimize the hybrid cooling system. 

In the first step, a multi-level temperature model is developed, and then, the geometries and 

material properties are described. Afterward, generated heat and critical thermal components of 

the system are modeled using COMSOL®. Given the heat transfer coefficient and inlet air 

temperature and air velocity, the thermal management system (TMS) is interesting to implement 

in the prismatic high power LiC cell leading to control the temperature distribution efficiently.  

This paper is organized in such a way that section II describes the model development, 

Section III deals with the experimental results, Section IV reports the numerical results and 

discussion, and finally, conclusions are given in the last section. 
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2. MODEL DEVELOPMENT 

2.1.LiC battery specifications 

The investigated cell unit in this study is a commercial prismatic lithium-ion capacitor (LiC) 

2300 F cell which has been manufactured by JSR Micro. This cell has a high-power density and 

high energy density. Hence, the utilized LiC cell is quite attractive for automotive applications. 

The LiC cell schematic is depicted in Figure 1.  

The LiC cell characterization is vital to develop the model, which is temperature dependent.  

The characteristics of the LiC cell are given in table1.  

  

Fig. 1. The prismatic 2300 F LiC cell 

Table 1. LiC cell specifications 

Parameters LiC cell properties 

Value Unit 

Battery size 150 x 93 x 15.5 mm 

Shape Prismatic - 

Capacitance 2300 F 

Operating voltage 2.2 – 3.8 V 

Operating 

temperature 

-30 to +70 °C 

Current range 1-1000 A 

Energy density 8 Wh/

kg 

Weight 0.355 kg 

 

2.2.Air-cooled thermal management system 

In the proposed active TMS, The LiC battery is located in the middle of a cooling box, which 

is shown in Fig. 2, with a dimension of 450 × 260 × 14 mm3. Also, two K-type thermocouples 

with 0.2 ºC error are used in the experiment test to take the temperature. One of the 

thermocouples is mounted on the top center of the LiC cell, and the other one is located on the 
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top edge of the cell. On each side of the cooling box, two 12 V DC axial fans (Dual-fan) are 

mounted. On one side, the dual-fan is blowing the air into the cooling box and another dual-

fan is sucking the air from the other side of the cooling box. Also, a power supply, a Pico USB 

TC-08 data logger with 0.025 ºC accuracy, and a computer are used to record the temperature 

of the LiC cell in every time step. The whole charging-discharging test takes 1400 s with a step 

time of 1 s.  

2.3.Experimental test bench and test methodology 

The laboratory of the Battery Innovation Centre (BIC) at the Vrije Universiteit Brussel 

(VUB) was used to conduct the experimental test. For this purpose, the ACT0550 battery tester 

and controlled climate chamber were utilized to perform several electrical and thermal tests to 

investigate the LiC characteristics. The investigated parameters were imported into an electro-

thermal model to calculate the generated heat of the battery. For this purpose, the 

characterization of the cell is vital to develop the model. Hence, to identify the LiC cell 

characteristics, several tests were conducted. The extracted parameters will be used in the 

mentioned electro-thermal model. 

 

 

Fig. 2. Schematic of the active air-cooled TMS test bench 
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Fig. 3. Climate chamber (right) and battery testers (left) 

The preconditioning test comprises of 10 cycles of 10C constant current constant voltage 

(CCCV) charge and constant current (CC) discharge cycles with 10 minutes rest in between 

each test. After preconditioning, the experimental test consists of the capacity test, open-circuit 

voltage (OCV) test, hybrid pulse power characterization (HPPC) test, and the validation test to 

verify the developed model.  

After extracting the battery characteristics using the beforementioned tests, the generated 

heat of the battery can be defined thanks to the current-voltage profile applied to the LiC cell. 

2.4.Finite elements model description for analysis 

In this study, to define the best approximation for finite elements model (FEM), the LiC cell 

thermal management system (TMS) is investigated as given below:  

a. The climate chamber temperature was set at 23 °C. 

b. The room temperature was kept constant at 23 °C. 

c. The battery was cycled under 150 A charge/discharge current rate. 

d. The air inlet flow rate was controlled at 2 m/s. 

Fig. 4 shows the schematic of the LiC cell in the middle of the cooling box. The hollow 

circles in the inlet and outlet demonstrate the fan positions in the system. In this sketch, two side 

by side fans are responsible for blowing the air into the cooling box, and two side by side fans 

on the other side of the cooling box are sucking the air to the ambient. To develop the model of 

the LiC cell, the battery tab and the battery domain are considered in the model. Also, the 

thermal interface material (TIM) layer, which is known as a gap filler, is considered to develop 

a more precise model. The air flows through the cooling box with a predefined velocity of 2 m/s 

to cool down the battery. The model is simplified to investigate the dissipated heat of the LiC 

cell. 
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Fig. 4. Schematic of the LiC cell in the middle of the cooling box 

Table 2. Thermal properties of the model 

Data 

informati

on 

Electro

de 

domain 

Positi

ve tab 

Negat

ive 

tab 

Unit 

Density 1627 2700 8960 kg/m3 

Thermal 

conductivi

ty 

λy=λz=

5; 

λx=0.3

6; 

238 400 W/(m.

K) 

Specific 

heat 

capacity 

1271 900 385 J/(kg.

K) 

Electrical 

resistance 

7e-4 9.97e-

6 

5.94e-

6 

Ω 

 

The generated heat loss results in temperature difference in the cell. When the cell is being 

charged/discharged, the heat generates inside the cell. Based on the Bernardi equation [15], the 

heat loss of the system can be extracted, which consists of reversible and irreversible heat: 

q̇gen = q̇irr  +  q̇rev =  I (U − V) − I T 
∂U

∂T
  (1) 

In eq. 1, I [A], U [V], V [V], and 
∂U

∂T
 [V.K-1] represent current, open-circuit voltage (OCV), 

the terminal voltage of the cell, and the entropy coefficient. 

To develop a model for the generated heat of the cell, the electrical model is coupled to the 

thermal model. The coupled second-order electro-thermal model is developed in 

MATLAB/SIMULINK® to characterize the electrical parameters of the battery.  
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Then the generated heat from the thermal model and the extracted parameters from the 

electrical model (1D model) are utilized for the 3D model in COMSOL®. The modeling 

relations will not be explained in this work since the electro-thermal model has been already 

published in our previous articles [16–20]. After having the heat generation of the cell, the next 

steps would be mesh generation and defining a proper solver for numerical studies. 

 

Fig. 5. Mesh details of the system: the cooling box (left), and the LiC cell inside the cooling 

box(right) 

2.5.Mesh 

Mesh generation is the next step after geometry construction to verify the numerical 

simulation against the experimental test. Besides, the solver setting is vital to get accurate 

simulation results. Therefore, for each part of the system, the size of the mesh and element type 

should be defined. Evaluation of the time step and mesh density should be carried out to check 

whether the maximum battery temperature and total heat transfer rate depend on the 

computational parameters and mesh setting. Mesh details of the system for the cooling box and 

the LiC battery with positive and negative tabs are demonstrated in Fig. 5.  

Computational analysis of the proposed FEM is carried out using 1 s step time to save the 

computational time of the study. According to the simulation results, the temperature 

distribution of the air-cooled TMS keeps unchanged when the mesh elements exceed 678,296 

elements. Also, for the air-cooling simulation, the inlet air temperature, inlet air velocity (flow 

rate), and the overall heat transfer coefficient are embedded as the boundary conditions in the 

FEM. 

3. EXPERIMENTAL RESULTS 

In this section, the temperature evolution of the LiC cell is monitored in two different cases: 

natural convection without TMS and an active cooling system using an air-cooling system.  

3.1.Temperature evolution of the LiC cell under natural convection 

The first part of the experiment deals with the thermal response of the system under natural 

convection when the cell is charged/discharged under 150 A current rate. Therefore, the LiC 

battery is located in the controlled climate chamber with a temperature of 23 °C to study how 

the heat is generated inside the cell when there is no TMS to cool down the battery. The 

thermocouple T1 is on the top centre of the LiC cell, and the thermocouple T2 is located on the 

top edge of the cell.  
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Fig. 6. Temperature evolution of the LiC cell during the experimental test under natural 

convection (NC) 

As is depicted in Fig. 6, the maximum cell temperature monitored by thermocouple T1 shows 

55.3 °C, and the other thermocouple, T2 shows 51.6 °C. As is evident from the sensed 

temperature by the thermocouples, the maximum temperature of the cell goes beyond 55 °C, 

which is way higher than the safety limit, and at such a temperature, the battery lifetime would 

be degraded. Hence, there is a crucial need for a proper TMS to cool down the battery 

temperature. 

3.2.Temperature evolution of the LiC cell with the air-cooled TMS 

To cool down the LiC under an intense 150 A charge/discharge cycling regime, an active 

cooling system using air-cooled TMS is proposed. The air-cooled TMS comprises four fans, in 

which two of them are blowing the air inside the cooling box and two other fans are sucking the 

air from the cooling box. As can be seen in Fig. 7, the maximum temperature reported by the 

T1 and T2 thermocouples is 37.9 °C and 36.7 °C, respectively, which claims that the proposed 

TMS is quite robust to control the maximum temperature of the battery in the desired range. 

 

 

Fig. 7. Temperature evolution of the LiC cell during the experimental test under forced air-

cooling TMS 
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Fig. 8. Comparison of the battery maximum temperature during the experimental tests for 

natural convection (NC) and the air-cooled TMS 

3.3.Comparison of the experimental results 

The experimental results for the case of natural convection is compared with the proposed 

air-cooled TMS. As is evident in the Fig. 8, the temperature sensed by both the thermocouples 

were declined sharply when the cell is mounted in the middle of the air-cooling box to be cooled 

by the TMS. This implies that the proposed air-cooled TMS is quite robust to control the 

maximum temperature of the high-power LiC battery under the intense 150 A charge/discharge 

cycling regime. 

4. NUMERICAL RESULTS AND OPTIMIZATION 

Numerical simulation is an effective tool to conduct research comprising geometry design, 

analysis, and optimization. This section aims to report the achieved results from FEM numerical 

analysis in different approaches. Besides, different boundary conditions and geometry of the 

system will be optimized to control the maximum temperature of the LiC cell. The battery heat 

generation is simulated in COMSOL Multiphysics, a computation fluid dynamics (CFD) 

package, to investigate the impact of the optimization.  

4.1.Validation of the results  

The initial conditions and boundaries of the tested system were imported into the CFD 

software to validate the experimental tests against the numerical analysis. The numerical 

analysis helps to visualize the temperature distribution of the system to better optimize it. To 

simplify the numerical analysis, only the T1 thermocouple was selected to verify the temperature 

results. As is exhibited in Fig. 9, perfect accordance is evident between experiments and 

simulation results. Thus, the developed 3D thermal model is a good reference to be utilized in 

the optimization process. 
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Fig. 9. Validation of the experimental test against simulation results 

4.2.Optimization of the inlet air velocity 

The optimization section helps to enhance the cooling performance of the system, to find the 

best possible solution. In this regard, the inlet air velocity of the fans would be changed to see 

the effectiveness of the TMS. The inlet air temperature is 23 °C when the ambient temperature 

is kept constant at 23 °C. The temperature evolution contours are demonstrated in Fig. 10, for 

the inlet air velocity of 2m/s and 3 m/s. The inlet velocity of 2 m/s is exactly the same as the test 

experiment, which is increased to 3 m/s to see if the maximum temperature would be enhanced. 

To understand the optimized result, it has to be mentioned that by increasing the inlet air velocity 

to 3 m/s, the maximum battery temperature is reduced by 14% compared to the main case. 

By increasing the inlet air velocity from 2 m/s to 3 m/s, the maximum temperature declines 

sharply. As Fig. 10 shows, the T1 temperature monitored decreases from 37.9 °C to 32.1 °C, 

when the inlet air velocity increases from 2 m/s to 3 m/s under 150 A intense cycling regime. 

Also, there is no need to increase the inlet air velocity more than 3 m/s since this optimized 

value is quite enough for a single LiC cell, in which the temperature is controlled at around 32.1 

°C. 

 

Fig. 10. The impact of different inlet air velocities on the temperature contour of the LiC battery 
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Fig. 11. Velocity vector distribution for the proposed ventilation type for inlet air velocity of 3 

m/s 

Besides, with the inlet air velocity of 3 m/s, the maximum temperature difference on the 

battery surface is around 5 °C, but for the 2 m/s inlet air velocity, this difference is more than 

10 °C. This non-uniformity on the LiC battery will cause non-uniform degradation. This means 

that the parts of the battery exposed to higher temperatures would degrade faster than the other 

parts of the cell, and after a while, those parts of the LiC cell will be a non-effective zone. 

Fig. 11 illustrates the velocity vector profile for the air-cooling system ventilation type at the 

end of the 150 A charging/discharging process when the inlet velocity is 3 m/s. It can be also 

viewed that the degree of interaction of the air as the cooling media on two sides of the battery 

is larger than the other sides in the cooling box. When the velocity is increased from 2 m/s to 3 

m/s, the transverse flow between two sides of the cell in the cooling box is weakened and the 

convective heat transfer coefficient increases. Also, by enhancing the wind speed, the flow 

resistance increases, and the energy loss would have a negative impact on the convective heat 

transfer coefficient.  

5. CONCLUSION 

In this paper, an experimental and numerical study was performed on a prismatic 2300 F 

lithium-ion capacitor (LiC) battery. First, the temperature contour of the cell is studied without 

a cooling system, and afterward, the battery temperature is investigated after embedding a 

proposed air-cooled TMS as the main case. Results showed that if the LiC cell operates without 

using any TMS under natural convection, its temperature goes beyond 50 °C, which will result 

in thermal runaway. But by using a proper air-cooled TMS the temperature evolution of the cell 

will be decreased to the desired range of around 37.9 °C. 

Then, to enhance the thermal performance of the TMS, a thermal model was developed using 

the LiC battery parameters obtained from the electrical model. Then, the main case with primary 

boundary conditions was changed to an optimized one with the same cooling system but 

different inlet air velocity. Results showed that optimizing the inlet air velocity of the system 

enhances the performance of the proposed air-cooled TMS. By increasing the inlet air velocity 

from 2 m/s to 3 m/s, the temperature contour would be declined sharply from 37.9 °C to 32.1 

°C. 

6. ACKNOWLEDGMENT 

http://globalpublisher.org/journals-1006/


 

Energy Perspectives  

Volume 1, Issue 1, December 2020 

http://globalpublisher.org/journals-1006/  

  
 

 

 

www.globalpublisher.org   104 

This research has been made possible thanks to the research project JSR. Further, we 

acknowledge Flanders Make for support to our research team. 

REFERENCES: 

 

[1] H. Behi, D. Karimi, M. Behi, M. Ghanbarpour, J. Jaguemont, M.A. Sokkeh, F.H. 

Gandoman, M. Berecibar, J. Van Mierlo, A new concept of thermal management system 

in Li-ion battery using air cooling and heat pipe for electric vehicles, Appl. Therm. Eng. 

174 (2020) 115280. doi:10.1016/j.applthermaleng.2020.115280. 

[2] A. Mahmoudzadeh Andwari, A. Pesiridis, S. Rajoo, R. Martinez-Botas, V. Esfahanian, 

A review of Battery Electric Vehicle technology and readiness levels, Renew. Sustain. 

Energy Rev. 78 (2017) 414–430. doi:10.1016/j.rser.2017.03.138. 

[3] M. Soltani, J. Ronsmans, S. Kakihara, J. Jaguemont, P. Van den Bossche, J. van Mierlo, 

N. Omar, Hybrid battery/lithium-ion capacitor energy storage system for a pure electric 

bus for an urban transportation application, Appl. Sci. 8 (2018). 

doi:10.3390/app8071176. 

[4] D. Karimi, H. Behi, J. Jaguemont, M.A. Sokkeh, T. Kalogiannis, M.S. Hosen, M. 

Berecibar, J. Van Mierlo, Thermal performance enhancement of phase change material 

using aluminum-mesh grid foil for lithium-capacitor modules, J. Energy Storage. 30 

(2020) 101508. doi:10.1016/j.est.2020.101508. 

[5] J. Jaguemont, D. Karimi, J. Van Mierlo, Investigation of a passive thermal management 

system for lithium-ion capacitors, IEEE Trans. Veh. Technol. PP (2019) 1–1. 

doi:10.1109/tvt.2019.2939632. 

[6] M. Behi, S.A. Mirmohammadi, M. Ghanbarpour, H. Behi, B. Palm, Evaluation of a 

novel solar driven sorption cooling/heating system integrated with PCM storage 

compartment, Energy. 164 (2018) 449–464. doi:10.1016/J.ENERGY.2018.08.166. 

[7] H. Behi, M. Ghanbarpour, M. Behi, Investigation of PCM-assisted heat pipe for 

electronic cooling, Appl. Therm. Eng. 127 (2017) 1132–1142. 

doi:10.1016/j.applthermaleng.2017.08.109. 

[8] D. Karimi, H. Behi, J. Jaguemont, M. El Baghdadi, J. Van Mierlo, O. Hegazy, Thermal 

Concept Design of MOSFET Power Modules in Inverter Subsystems for Electric 

Vehicles, in: 2019 9th Int. Conf. Power Energy Syst. ICPES 2019, 2019. 

doi:10.1109/ICPES47639.2019.9105437. 

[9] W.H. Zhu, H. Yang, K. Webb, T. Barron, P. Dimick, B.J. Tatarchuk, A novel cooling 

structure with a matrix block of microfibrous media / phase change materials for heat 

transfer enhancement in high power Li-ion battery packs, J. Clean. Prod. 210 (2019) 

542–551. doi:10.1016/j.jclepro.2018.11.043. 

[10] G. Berckmans, J. Ronsmans, J. Jaguemont, A. Samba, N. Omar, O. Hegazy, M. Soltani, 

Y. Firouz, P. Van Den Bossche, J. Van Mierlo, Lithium-ion capacitor: Nalysis of thermal 

behavior and development of three-dimensional thermal model, J. Electrochem. Energy 

Convers. Storage. 14 (2017). doi:10.1115/1.4037491. 

[11] M. Behi, M. Shakorian-poor, S.A. Mirmohammadi, H. Behi, J.I. Rubio, N. Nikkam, M. 

Farzaneh-Gord, Y. Gan, M. Behnia, Experimental and numerical investigation on 

hydrothermal performance of nanofluids in micro-tubes, Energy. 193 (2020) 116658. 

doi:10.1016/J.ENERGY.2019.116658. 

[12] S. Möller, D. Karimi, O. Vanegas, M. El Baghdadi, A. Kospach, A. Lis, O. Hegazy, C. 

Abart, Â.B.Â. Offenbach, Application considerations for Double Sided Cooled Modules 

in Automotive Environment Double Sided Cooled Modules in Automotive 

http://globalpublisher.org/journals-1006/


 

Energy Perspectives  

Volume 1, Issue 1, December 2020 

http://globalpublisher.org/journals-1006/  

  
 

 

 

www.globalpublisher.org   105 

Environment, (2020). https://ieeexplore.ieee.org/document/9097721 (accessed 

November 16, 2020). 

[13] H. Behi, D. Karimi, M. Behi, J. Jaguemont, M. Ghanbarpour, M. Behnia, M. Berecibar, 

J. Van Mierlo, Thermal management analysis using heat pipe in the high current 

discharging of lithium-ion battery in electric vehicles, J. Energy Storage. 32 (2020) 

101893. doi:https://doi.org/10.1016/j.est.2020.101893. 

[14] H. Behi, M. Behi, D. Karimi, J. Jaguemont, M. Ghanbarpour, M. Behnia, M. Berecibar, 

J. Van Mierlo, Heat pipe air-cooled thermal management system for lithium-ion 

batteries: High power applications, Appl. Therm. Eng. (2020) 116240. 

doi:https://doi.org/10.1016/j.applthermaleng.2020.116240. 

[15] D. Bernardi, A General Energy Balance for Battery Systems, J. Electrochem. Soc. 132 

(1985) 5. doi:10.1149/1.2113792. 

[16] A. Nikolian, J. Jaguemont, J. de Hoog, S. Goutam, N. Omar, P. Van Den Bossche, J. 

Van Mierlo, Complete cell-level lithium-ion electrical ECM model for different 

chemistries (NMC, LFP, LTO) and temperatures (−5 °C to 45 °C) – Optimized 

modelling techniques, Int. J. Electr. Power Energy Syst. 98 (2018) 133–146. 

doi:10.1016/j.ijepes.2017.11.031. 

[17] G. Berckmans, M. Messagie, J. Smekens, N. Omar, L. Vanhaverbeke, J. Van Mierlo, 

Cost projection of state of the art lithium-ion batteries for electric vehicles up to 2030, 

Energies. 10 (2017). doi:10.3390/en10091314. 

[18] J. De Hoog, J. Jaguemont, M. Abdel-Monem, P. Van Den Bossche, J. Van Mierlo, N. 

Omar, Combining an electrothermal and impedance aging model to investigate thermal 

degradation caused by fast charging, Energies. 11 (2018). doi:10.3390/en11040804. 

[19] M.S. Hosen, D. Karimi, T. Kalogiannis, A. Pirooz, J. Jaguemont, M. Berecibar, J. Van 

Mierlo, Electro-aging model development of nickel-manganese-cobalt lithium-ion 

technology validated with light and heavy-duty real-life profiles, J. Energy Storage. 28 

(2020). doi:10.1016/j.est.2020.101265. 

[20] S. Khaleghi, D. Karimi, S.H. Beheshti, S. Hosen, H. Behi, M. Berecibar, J. Van Mierlo, 

Online health diagnosis of lithium-ion batteries based on nonlinear autoregressive neural 

network, Appl. Energy. 282 (2021) 116159. doi:10.1016/j.apenergy.2020.116159. 

 

http://globalpublisher.org/journals-1006/

