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Abstract— One of the advantages of using electric vehicle batteries to store electrical en-

ergy is an appropriate technology that supports zero emission. Hence, this research tries to com-

pare based on each type of Lithium to be seen in terms of capacity and total energy obtained 

during charging and discharging conditions. The aim of this study is to compare the perfor-

mance characteristics of Lithium Iron Phosphate (LiFePO4) and Lithium-ion (Li-Ion) batteries 

in terms of their capacity and total energy output during charging and discharging conditions. 

Based on the results of testing the conditions when charging from both of them, it was found 

that the capacity of the LiFePo4 battery was 22.93Ah while the Li-Ion was 2.65 Ah. for a total 

LiFePo4 energy of 79.84 Wh and Li-Ion of 10.28 Wh. Meanwhile, when testing the Discharg-

ing conditions, the LiFePo4 battery capacity based on the test results was 22.76 Ah and Li-Ion 

2.60 Ah. Meanwhile, the measured total energy from LiFePo4 is 69.45 Wh, and Li-Ion is 9.44 

Wh. Hence, if viewed from the advantages and disadvantages, Lithium Iron Phosphate batteries 

are suitable for accumulators or electric car batteries and energy storage for solar power plants. 

Keywords: characteristic of battery, charging condition, discharging condition, LiFePo4,  

Li-Ion 

Article submitted May 1st, 2023. Resubmitted May 15th, 2023. Final acceptance May 31st, 2023. 

1 Introduction 

The use of electric vehicle batteries is currently increasing. From an economic point of view, this 

also has advantages for users. One of the advantages of using electric vehicle batteries to store elec-

trical energy is an appropriate technology that supports zero emission. The storm that is generally 

used in electric vehicles is the Lithium type. Lithium has many kinds, including LiFePo4 and Li-

Ion. The two batteries have different characteristics. 

The reduction of the second use of the battery based on [1][2][3][4][5] mentions that there is a 

decrease of used electric vehicle battery usage of about 70-80% of its original capacity, and it is 

considered as the end of the first battery life, with a typical battery capacity of around 5-24 kWh 

[Mild Hybrid Electric Vehicle (MHEV) 5 kWh– Electric Vehicle Battery (BEV) 18–24 kWh] where 

the estimated battery life for a typical user is about ten years, with 40 minutes of battery use per day 

with [Depth of Discharge (DoD)] 35% with 200 annual charging. Based on [6][7] The Lithium-Ion 

battery type is most widely used because it is rechargeable. Its advantages are high energy, power 

capacity, self-contained low discharge, and a long life cycle. 
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On the other hand, Li-ion batteries lose capacity due to charge/discharge cycles. This capacity 

decreases, or degradation occurs due to various failure mechanisms, including formation and growth 

of the Solid Electrolyte Interface (SEI) layer, cracking of electrode particles, electrolyte decompo-

sition, and lithium deposition. Therefore, life cycle testing consisting of multiple charge/discharge 

cycles is performed to determine the number of cycles to the End of Life (EOL), often identified as 

a 20% reduction in initial or rated capacity. Some manufacturers may have application-based failure 

criteria and test batteries for shorter or longer durations than necessary for a 20% capacity reduction 

[5][7]. Table 1 below describes some comparisons of each battery [8]. 

Table 1. Characteristic and specifications of commonly used rechargeable batteries 

Specifications 

Types 

Lead Acid NiCd NiMH 
Li-Ion 

Cobalt Manganese Phospate 

Specific Energy 

(Wh/kg) 
30-50 45-80 60-120 150-250 100-150 90-120 

Internal  

Resistance 
Very Low Very Low Low Moderate Low Very Low 

Cycle Life  

(80% DoD) 
200-300 1,000 300-500 500-1,000 500-1,000 

1,000-
2,000 

Change Time 8-16h 1-2h 2-4h 2-4h 1-2h 1-2h 

Overcharge Toler-

ance 
High Moderate Low Low. No Trickle Charge 

Self-Dis-

charge/Month 

(room temp) 

5% 20% 30% 
<5% 

Protection Circuit Consumes 3%/month 

Cell Voltage (nomi-

nal) 
2V 1.2V 1.2V 3.6V 3.7 3.2-3.3 V 

Charge Cut-off 

Voltage (V/Cell) 

2.40 

Float 2.25 

Full Charge Detection by 

Voltage Signature 

4.2 

typical Some go to higher V 
3.6 

Discharge  

Cut-off Voltage 

(V/Cell, 1C) 

1.75V 1.00V 2.50-3.00V 2.50V 

Peak Load  

Current  

(Best Result) 

5C 

0.2C 

20C 

1C 

5C 

0.5C 

2C 

<1C 

>30C 

<10C 

>30C 

<10C 

Charge  

Temperature 

20 to 50C 
(-4 to 122 F) 

20 to 50C 
(-4 to 122 F) 

20 to 50C 
(-4 to 122 F) 

Discharge  

Temperature 

20 to 50C 

(-4 to 122 F) 

20 to 50C 

(-4 to 122 F) 

20 to 50C 

(-4 to 122 F) 

Maintenance Re-

quirement 

3-6 month (top-
ing chg)  

Full Discharge every 90 
Days when in full use  

Maintenance-Free 

Safety  

Requirements 
Thermal stable 

Thermally stable, fuse 

protection 
Protection Circuit Mandatory 

In Use Since Late 1800s 1950 1990 1991 1996 1999 

Toxicity Very High Very High Low Low 

Coulombic  

Efficiency 
~90% 

~70% slow charge 
~90% fast charge 

99% 

Cost Low Moderate High 

This study uses two batteries, LiFePo4 and Li-Ion, by comparing the conditions when charging 

and discharging based on a specifications table. Research [9][10][11] has been proven for the second 

time to use Li-Ion batteries as energy storage on a small scale. The aim from this study to under-

standing the performance differences between LiFePO4 and Li-Ion batteries is crucial for optimizing 

the selection of energy storage solutions in applications such as electric vehicles and solar power 

plants, leading to enhanced efficiency and sustainability. One of the main objectives of this research 
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is to reduce battery waste from electric vehicles, namely by processing battery waste for electrical 

energy storage, which is then used as electrical energy storage. 

2 Methods 

This study uses the experimental method by conducting direct testing for both batteries. Figure 

1. is a research flowchart showing the stages for carrying out a comparative test of the characteristics 

of LiFePo4 and Li-Ion Batteries, to be seen from the results of the voltage and current characteristics 

and capacity, which have many advantages so that they can be used as battery comparisons. 

 

Fig. 1. Research flow chart 

The pictures are based o average ratings of commercial batteries at publication. Meanwhile, the 

specifications for LiFePo4 and Li-Ion Batteries to be used are in Tables 2 and 3 below. 

Table 2. Characteristics and spesifications LiFePo4 

Specification 

Capacity Typical 2600mAh 

Call Voltage 

Nominal 3,6V 

Charge 34,2V 

Discharge 2,5 V 

Charge Current 
Standard 2,6A 

Maximum 6.0A 

Charge Time Standard 1.5h 

Discharge Current Maximum 35A 

Ambient Temperature 
Charge 0°C ~ 60°C 

Discharge -40°C ~ 60°C 
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Based on Table 2, this battery can charge with high efficiency, and when the discharge process 

occurs, the charge loss is very small, and charging is fast when compared to other types of batteries; 

the capacity of Lithium Iron Phosphate (LiFePO4) batteries is greater than different types of batter-

ies. Another thing is that the energy density of this type of battery is very tight. 

Table 3. Characteristic and specifications Li-Ion INR 18650-26E 

Specification 

Capacity Typical 2500mAh 

Call Voltage 

Nominal 3,6V 

Charge 3,65V 

Discharge 2,0 V 

Charge Current 
Standard 5A 

Maximum 25A 

Charge Time Standard 3h 

Discharge Current Maximum 0°C ~ 40°C 

Ambient Temperature 
Charge 0°C ~ 40°C 

Discharge -20°C ~ 60°C 

Based on Table 3, the Li-Ion battery, for type 18650 Lithium battery voltage, reaches 3.6-3.7V 

DC. Lithium battery charging with a charger can accept 4.2V DC voltage. An ordinary battery has 

a 1.5V DC output (battery disposal or battery exhausted and thrown away). Rechargeable batteries 

such as NiMH or NiCD batteries have a 1.2V DC output (rechargeable). 

This study used the Battery Tester Electronic Load tool and monitored it through the EB Tester 

Software. The following is a comparison process carried out:  

a. Turn on the Battery Tester by pressing the power button on the back. 

b. Connect the red probe to the positive terminal and the black probe to the battery's negative 

terminal. Simultaneously look at the Battery Tester screen. The battery voltage will be displayed 

and if the battery voltage is not readable or below the minimum battery voltage limit. Caused 

by the Battery Tester tool has a minimum voltage on the battery that will be charged or dis-

charged using the device Battery Charger dan Discharger IMAX B6AC. 

c. Before opening the application, the step must be to connect the Universal Serial Bus (USB) to 

the laptop. This is done if the application is opened first before joining the Universal Serial Bus 

(USB), then COM on the computer will not be detected. 

d. After the application is open, we can immediately select COM and click connect. Then on the 

Battery Tester screen the words PC will appear. This indicates that the Battery Tester and the 

laptop are connected. Figure 2 shows the monitoring of the battery tester connected to the lap-

top. 

 

Fig.2. Battery tester LCD display 
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e. Next step is to enter the parameter settings by means of a cycle test – setting – step 1 enters the 

appropriate parameters – Add – after all the steps are filled click OK.   

 

Fig. 3. Parameter setting 

f. In the next step, enter the parameter settings according to the battery used based on Figure 3. 

Figure 4 for the LiFePo4 battery and Li-Ion batteries. 

 

(a) 

 

(b) 

Fig.4. Parameter setting batteries LiFePO4 (a) and Li-Ion (b) 

g. After the parameter settings are complete, click start and wait for the Charge and Discharge 

process to complete. The following Figure 5 Taking when testing LiFePo4 and Li-Ion batteries, 

respectively. 

  

Fig.5. Battery testing 

3 Result and Discussion 

The following results are obtained based on test data using the Electronic Load Battery Tester 

and monitoring through the EB Tester Software. The test was carried out in 2 conditions with 2 types 

of batteries. 
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3.1. Charging Conditions 

Charging the LiFePO4 battery takes 2 hours. In carrying out this battery test, data readings are 

carried out every 2 seconds. It can be seen in the graph that when the voltage on the battery reaches 

its maximum voltage, the current will decrease. The battery runs at maximum voltage after charging, 

lasting 1 hour and 35 minutes. The maximum voltage on a LiFePO4 battery is 3.65V. Reducing the 

current value is intended so the charged battery does not experience overcharge. The following 

graphs show the current and voltage resulting from the Charge process using a current of 15A. It 

shown on Figure 6 and 7 shows the testing process during charging, respectively.  

 In testing from Figure 7, the 18650 Lithium-ion battery charge lasted 2 hours and 4 minutes. 

In carrying out this battery test, data readings are carried out every 2 seconds. It can be seen in the 

graph that when the voltage on the battery reaches the maximum voltage, then the current will de-

crease. The battery reaches the maximum voltage after charging and lasts 1 hour and 30 minutes. 

Charging a Lithium-ion battery with a charger can accept a voltage of 4.2V. This decrease in current 

is intended so that the battery in Charge does not experience Overcharge. The following is a graph 

of the current and voltage resulting from the Charge process using a current of 1.5A. Meanwhile, 

Table 4 displays the data from the test results when charging. 

 

Fig. 6. LiFePO4 battery charge chart 

 

Fig. 7. Li-Ion battery charge chart 
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Table 4. Test result data during charging condition 

Charging Condition 

Specification 
Number of Capacities 

LiFePo4 Li-Ion 18650 26E 

Voltage 

Begin volt: 2,7V Begin volt: 3,01V 

Cutoff volt: 3,6V Cutoff volt: 4,2V 

Avg volt:  3,48V Avg volt:  3,87V 

Capacity 22,93Ah 2,65Ah 

Total Energy 79,84Wh 10,28Wh 

3.2. Discharging Conditions 

Emptying or discharging the LiFePO4 battery takes 1 hour 51 minutes. In this battery test, data 

readings are carried out every 2 seconds. In this test, the current is in a stable position of 15A. If you 

look at the voltage curve, the voltage will tend to fall. This is in accordance with the process being 

carried out, namely battery discharge. If the battery voltage during the discharge process exceeds 

the minimum voltage, the battery will be exposed to deep discharge, which can cause the battery 

cells to die. The minimum voltage of a LiFePO4 battery is 2.0V. Then the time taken in the Dis-

charging process is similar to the Charging process. The following is a graph of the current and 

voltage generated from the Discharge process using a current of 15A. It shown from Figure 8. 

 

Fig. 8. LiFePO4 battery discharge chart 

 

Fig. 9. Li-Ion battery discharge chart 
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The process of discharging or discharging the 18650 Lithium-ion battery from based on Figure 

9, takes 1 hour 44 minutes. In this battery test, data readings are carried out every 2 seconds. In this 

test, the current is in a stable position of 1.5A. If you look at the voltage curve, the voltage will tend 

to fall by the process being carried out, namely battery discharge. If the battery voltage during the 

discharge process exceeds the minimum voltage, the battery will be exposed to deep discharge, 

which can cause the battery cells to die. The minimum voltage for a Lithium-ion battery is 2.5V. 

Then the time taken in the Discharging process is similar to the Charging process. The following is 

a graph of the current and voltage generated from the Discharge process using a current of 1.5A. 

Table 5 displays the data from the test results when discharging. 

Table 5. Test result data during discharging condition 

Charging Condition 

Specification 
Number of Capacities 

LiFePo4 Li-Ion 18650 26E 

Voltage 

 Begin volt: 3,44V Begin volt: 4,15V 

Cutoff volt: 2,2V Cutoff volt: 2,5V 

 Avg volt:  3,05V Avg volt:  3,5V 

Capacity 22,76Ah 2,60Ah 

Total Energy 69,45Wh 9,44Wh 

4 Conclusions  

The results of the comparison of the characteristics of the two batteries show that Lithium Iron 

Phosphate batteries have better quality. Based on the results of testing the conditions when charging 

from both of them, it was found that the capacity of the LiFePo4 battery was 22.93Ah while the Li-

Ion was 2.65 Ah. for a total LiFePo4 energy of 79.84 Wh and Li-Ion of 10.28 Wh. Meanwhile, when 

testing the Discharging conditions, the LiFePo4 battery capacity based on the test results was 22.76 

Ah and Li-Ion 2.60 Ah. Meanwhile, the measured total energy from LiFePo4 is 69.45 Wh, and Li-

Ion is 9.44 Wh. Hence, if viewed from the advantages and disadvantages, Lithium Iron Phosphate 

batteries are suitable for accumulators or electric car batteries and energy storage for solar power 

plants. In addition, do not rule out that Lithium-ion batteries can also be used to store electrical 

energy. However, suppose you look at the weather conditions in Indonesia, which has a tropical 

climate. In that case, this battery is very suitable because Lithium Iron Phosphate batteries are very 

safe, durable, stable at high temperatures, and economical. 

5 Acknowledgment 

I would like to thank the Department of Electrical Engineering Education, Faculty of Engineer-

ing, Yogyakarta State University, for facilitating the implementation of this research. 

6 References 

[1]  Dong Tingting, Li Jun, Zhao Fuquan, You Yi and Jin Qiqian, "Analysis on the influence of 

measurement error on state of charge estimation of LiFePO4 power Battery," 2011 Interna-

tional Conference on Materials for Renewable Energy & Environment, Shanghai, 2011, pp. 

644-649, doi: 10.1109/ICMREE.2011.5930893. 

[2] V. V. Viswanathan and M. Kintner-Meyer, "Second Use of Transportation Batteries: Max-

imizing the Value of Batteries for Transportation and Grid Services," in IEEE Transactions 

on Vehicular Technology, vol. 60, no. 7, pp. 2963-2970, Sept. 2011, doi: 

10.1109/TVT.2011.2160378. 

[3]  D. Strickland, L. Chittock, D. A. Stone, M. P. Foster and B. Price, "Estimation of Transpor-

tation Battery Second Life for Use in Electricity Grid Systems," in IEEE Transactions on 

https://ebtke.esdm.go.id/post/2020/10/22/2667/menteri.arifin.transisi.energi.mutlak.diperlukan%20%5b1


Jurnal Edukasi Elektro, Vol. 07, No. 01, May 2023   E-ISSN: 2548-8260 

61 

Sustainable Energy, vol. 5, no. 3, pp. 795-803, July 2014, doi: 

10.1109/TSTE.2014.2303572. 

[4]  Omariba, Z. B., Zhang, L., & Sun, D. (2018). Review on Health Management System for 

Lithium-Ion Batteries of Electric Vehicles. Electronics, 7(5), 72. 

https://doi.org/10.3390/electronics7050072. 

[5]  S. Saxena, M. Kang, Y. Xing and M. Pecht, "Anomaly Detection During Lithium-ion Bat-

tery Qualification Testing," 2018 IEEE International Conference on Prognostics and Health 

Management (ICPHM), Seattle, WA, USA, 2018, pp. 1-6, doi: 

10.1109/ICPHM.2018.8448735. 

[6]  I. Starostin, S. Khalyutin, A. Davidov, A. Lyovin and A. Trubachev, "The Development of 

a Mathematical Model of Lithium-Ion Battery Discharge Characteristics," 2019 Interna-

tional Conference on Electrotechnical Complexes and Systems (ICOECS), Ufa, Russia, 

2019, pp. 1-4, doi: 10.1109/ICOECS46375.2019.8949976. 

[7]  W. Wang, K. Zhang, A. Zhang, Q. Liu and X. Xu, "Design and Test of Lithium Battery 

Storage Power Station in Regional Grid," 2020 IEEE 4th Conference on Energy Internet and 

Energy System Integration (EI2), Wuhan, China, 2020, pp. 1791-1795, doi: 

10.1109/EI250167.2020.9346982. 

[8] A. Bharti, “BU-107: Comparison Table of Secondary Batteries,” https://batteryuniver-

sity.com/article/bu-107-comparison-table-of-secondary-batteries, 2023.  

[9]  Khairunnisa, M. A. A. Arifidin, and Hartoyo, “Utilization of Used Electric Vehicle Batteries 

for the Design of Mini-Generating Systems,” in Journal of Physics: Conference Series, Dec. 

2021, vol. 2111, no. 1. doi: 10.1088/1742-6596/2111/1/012050. 

[10]  S. Mishra, S. C. Swain and R. K. Samantaray, "A Review on Battery Management system 

and its Application in Electric vehicle," 2021 International Conference on Advances in 

Computing and Communications (ICACC), Kochi, Kakkanad, India, 2021, pp. 1-6, doi: 

10.1109/ICACC-202152719.2021.9708114. 

[11]  Khairunnisa, Hartoyo, and U Nursusanto,” Development of Monitoring Device for Battery 

Charge/Discharge Control as Electrical Energy Storage in Mini-Generating Systems”, in 

Journal of Physics: Conf. Ser. 2406 012017., Dec 2022, vol. 2406, no.1 doi: 10.1088/1742-

6596/2406/1/012017. 

7  Authors 

Khairunnisa’ is a lecturer in the Vocational Electrical Engineering Study Program, at the Faculty 

of Vocational, Universitas Negeri Yogyakarta. She focuses on studies related to Smart Grid and 

Renewable Energy. She is also a member of the Association of Indonesian Vocational Educators 

(ADGVI) (email: khairunnisa@uny.ac.id). 

Siti Mita Mafturoh is a Student in the Vocational Electrical Engineering Study Program, at the 

Faculty of Vocational, Universitas Negeri Yogyakarta. (email: siti0017ft.2019@student.uny.ac.id). 

 

mailto:khairunnisa@uny.ac.id
mailto:siti0017ft.2019@student.uny.ac.id

