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Abstract: Consumption of fossil fuels, especially oil and gas, increases every year. The use of fossil fuels in the 

transportation sector can result in environmental pollution, especially air pollution. One alternative that can be done in the 

transportation sector is the use of electric vehicles. Currently, the development of electric vehicles is still hampered by 

overheating of the battery, resulting in a shorter battery life. Various research has been carried out to overcome overheating in 

batteries, including designing battery cooling systems, innovating battery cooling materials and so on. The aim of this research 

is to develop a biomaterial-based battery cooling system to overcome overheating that occurs in batteries. The method used in 

this research is an experimental method by creating a simulation of a battery cooling system using phase change material 

(PCM) based cooling. The PCM used is made from parapine combined with TiO2 and bamboo carbon. This PCM material 

mixture will be varied by adding 0-5% TiO2 and bamboo carbon elements to the PCM. The results of the research show that 

the addition of TiO2 and bamboo carbon elements can slow down the rate of heat that occurs in electric vehicle batteries, this 

is because the addition of TiO2 and bamboo carbon elements to paraffin can increase the thermal conductivity of the PCM 

material, so that the heat that occurs in the battery can be absorbed more. fast by PCM material. Of the various variations of 

PCM material mixtures tested, the addition of 3% bamboo carbon to paraffin can slow down the rate of increase in battery 

temperature most effectively compared to other variations of PCM material. 

Keywords: Biomaterial, Bamboo Carbon, Phase Change Material, Electric Vehicle Batteries 

 

1. Introduction 

The development of electric vehicles is still constrained by 

the occurrence of overheating in electric vehicle batteries, 

which is caused by battery performance. Batteries that are too 

hot also have an impact on the electrochemical reactions that 

occur in the cells, which can cause extra exothermic reactions 

and can cause a sudden increase in temperature, resulting in an 

explosion [1, 2]. The battery temperature should be 

maintained in the range of 15-40°C to utilize its maximum 

effectiveness [3, 4]. 

Various research has been carried out to overcome the 

occurrence of overheating in batteries, including designing 

battery cooling systems, innovating battery cooling materials 

and others. Passive cooling methods are currently gaining 

interest, because they do not require energy in the cooling 

process. One passive cooling that can be used to cool electric 

vehicle batteries is by utilizing phase change material (PCM) 

as a cooling medium. To get reliable PCM performance as a 

cooling medium, appropriate PCM material is needed. 

Various Phase Change Material (PCM) materials are being 

tried to be developed for cooling electric vehicle batteries, such 

as the use of paraffin, copper foam, SiO2, graphite, TiO2 and 

other composite materials [5, 6]. Prepared expanded 

paraffin/graphite composite PCM, which has large thermal 

storage capacity and high thermal conductivity [7, 8]. Developed 
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a synthesized paraffin/diatomite composite material as PCM, test 

results showed that the paraffin/diatomite composite material as 

PCM had good thermal energy storage capacity [9, 10]. Used a 

vacuum impregnation method to prepare palmitic acid/graphene 

oxide as a PCM composite material, the results showed that the 

thermal conductivity was increased more than three times, 

namely from 0.21 to 1.02 W/m K compared to PCM pure [11]. 

Fabricated paraffin/nickel foam composite, which increased the 

thermal conductivity of PCM composite almost three times that 

of pure paraffin [12, 13]. Prepared paraffin/SiO2/ as a graphite 

composite PCM developed using the sol-gel method using silica 

gel as a supporting material and the developed graphite aims to 

increase thermal conductivity. The results showed that the 

thermal conductivity of paraffin/SiO2 composite and 

paraffin/SiO2/graphite expanded composite was 28.2% and 

94.7% higher than paraffin [14]. Utilizing TiO2 as a PCM 

material by mixing TiO2 in n-octadecane by infiltration under 

vacuum. The results obtained by adding TiO2 to n-octadecane 

can increase the thermal conductivity of the PCM composite 

138% [15]. The addition of graphite and carbon foam to paraffin 

wax improves the thermal properties and prevents melted 

paraffin leakage maintaining stable thermal performance. 

Of the several PCM materials that have been developed, 

paraffin material is a candidate PCM material that has great 

potential to be developed at temperatures of 45°C - 90°C, but 

this material has low thermal conductivity. The addition of 

other elements to paraffin as PCM has also been widely 

studied, such as the addition of SiO2, graphite, nickel and 

others. From the results of previous studies, the addition of 

carbon to paraffin can improve PCM performance. Based on 

this, researchers want to develop an electric vehicle battery 

cooling system using PCM composite material with a 

combination of Paraffin, TiO2 and bamboo carbon. 

2. Method 

2.1. Research Design 

Starting from the existing problem, namely overheating of 

electric vehicle batteries caused by battery performance, one 

alternative that can be done is to provide a cooling system for 

the battery with a passive cooling method in the form of 

PCM. Composite Materials are possible PCM candidates to 

develop. In this research an attempt was made to develop a 

bio material in the form of bamboo carbon combined with 

paraffin and TiO2 as a PCM material. In mixing this material, 

the basic ingredient for PCM is paraffin by providing a 

bamboo carbon and TiO2 concentration of 1% - 5%. This 

percentage is a percentage that has a significant impact on 

changes in the thermal characteristics of the composite 

material based on the results of related research that has been 

studied previously. 

 

Figure 1. Research Design. 

2.2. Design Experimental 

This research was designed using an experimental method, 

where 1 battery module equipped with a passive cooling 

system in the form of a box that gives the PCM (paraffin + 

bamboo carbon + TiO2) which is used to absorb heat that 

occurs in the battery due to the work of the battery used to 

drive the motor. The temperature that occurs in the battery is 

measured with a type K thermocouple which is placed at 6 

points in the battery and can be observed through logger data. 

Data can be monitored via a data loger connected by 

thermocouple to the battery. Data retrieval is carried out on 

battery performance without a cooling system and with a 

cooling system. More details can be seen in Figure 1. 
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Figure 2. Design Experiment. 

2.3. Research Variable 

The variables of this study are in the form of independent 

variables and dependent variables. The independent variables 

in this study were PCM material and composition of paraffin, 

TiO2 and bamboo carbon mixture. The dependent variable is 

the temperature that occurs in the battery. 

2.4. Research Instrument 

Electric vehicle battery cooling system testing instrument. 

used in this study is a temperature measuring instrument, 

namely thermocouple, stopwatch to record time, induction 

motor to get power supply from the battery, converter to 

convert DC current from the battery into AC current which is 

the input of the induction motor. 

2.5. Research Procedure 

The study began by making a mixture of paraffin, TiO� and 

bamboo carbon with several mixture compositions. The 

composition of the mixture will be made with the 

composition: 

1) Paraffin 100% 

2) Paraffin 95 % and Bamboo Carbon 5% 

3) Paraffin 97 %, Bamboo Carbon 3% 

4) Paraffin 98 %, Bamboo Carbon 2% 

5) Paraffin 95 % and TiO2 5% 

6) Paraffin 97 %, TiO2 3% 

7) Paraffin 98 %, TiO2 2% 

8) Paraffin 95 %, Bamboo Carbon 4% and TiO2 1% 

9) Paraffin 95 %, Bamboo Carbon 3% and TiO2 2% 

10) Paraffin 95 %, Bamboo Carbon 2% and TiO2 3% 

The mixture will be mixed in liquid conditions using an 

ultrasonic device and then allowed to stand at room 

temperature and tested for material characteristics in each 

mixture formula. Each mixed formula will also be printed to 

make electric vehicle battery casing models. 

2.6. Data Analysis 

In this study, the data analysis method used was a 

descriptive quantitative method. Temperature data obtained 

from the results of battery cooling system experiment made 

are presented in the form of tables or in the form of graphs as a 

basis for making decisions. The data will be further processed 

so that the effect of the use of PCM and cooling system is 

made on the effectiveness of electric vehicle battery cooling. 

3. Results and Discussion 

3.1. The Effect of Adding Bamboo Carbon to Parapine on 

the Working Temperature of Electric Vehicle Batteries 

From the data obtained, the use of bamboo carbon in 

parapine as a PCM material can have a better impact on PCM 

performance than just using pure parapine as PCM. 

 

Figure 3. Battery Temperature and Time Graph using bamboo carbon and parapine as PCM. 

From Figure 3, you can see the battery temperature with PCM cooling and without PCM cooling. It can be seen that 
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the battery temperature with PCM cooling is lower after 

40 minutes of battery operation compared to the battery 

temperature without cooling. In 40 minutes the battery 

temperature has reached 41°C so that PCM with pure 

parapine material and PCM with parapine and bamboo 

carbon have begun to undergo a phase change from solid 

to liquid, so that the heat energy in the battery can be 

absorbed by the PCM which has an impact on the rate of 

increase in heat in the battery being slower. If we compare 

the battery temperature when cooling pure PCM and PCM 

with the addition of bamboo carbon, it can be seen that 

adding bamboo carbon to the PCM can slow down the rate 

of increase in battery temperature earlier, where at 10 

minutes the rate of increase in battery temperature with 

bamboo carbon PCM is slower than pure PCM. This 

phenomenon occurs because the addition of bamboo 

carbon to parapine causes the thermal conductivity of the 

PCM material to increase, so that heat absorption by the 

PCM becomes faster. This phenomenon is in accordance 

with research conducted by Kizilelma et al. The thermal 

conductivity of PCM composites was improved from 0.22 

W/m-K to 16.6 W/m-K with the addition of EG [16]. If we 

compare the PCM material with the concentration of 

bamboo carbon added to parapine, it can be seen that the 

addition of 2% bamboo carbon to parapine has an impact 

on the battery temperature being lower than the 

concentration of 3% and 5% bamboo carbon to parapine 

and this phenomenon lasts from the beginning to 65 

minutes. After 65 minutes the battery temperature with 

PCM cooling with a concentration of 3% began to show a 

lower battery temperature. 

3.2. The Effect of Adding TiO2 to Parapine on the Working 

Temperature of Electric Vehicle Batteries 

The utilization of PCM as a battery coolant has a significant 

impact on the cooling of electric vehicle batteries. From the 

results of the conducted research, the temperature of electric 

vehicle batteries with PCM cooling and without PCM cooling 

can be observed in Figure 2. As seen in Figure 2, the battery 

temperature without cooling continues to increase from 0 

minutes to 90 minutes, with the rate of temperature increase 

being higher compared to the battery temperature with PCM 

cooling. Starting at 40 minutes, the battery temperature 

without cooling remains higher than the battery temperature 

with PCM cooling. At the 90-minute mark, the temperature of 

the battery without cooling reaches 48.7°C. 

When viewed from several PCM coolants, it is evident that 

battery cooling with PCM material consisting of 97% paraffin 

and 3% TiO� exhibits the lowest battery temperature and shares 

the same characteristics as the material of 95% paraffin and 5% 

TiO�. Battery cooling with pure paraffin material (100% paraffin) 

results in the highest battery temperature, noticeable starting at 25 

minutes. The addition of TiO� to paraffin can have an impact on 

slowing down the rate of battery temperature increase. This is 

due to the fact that the addition of TiO�  to the battery can 

enhance the thermal conductivity of the material, thereby 

accelerating the heat absorption process from the battery to the 

PCM. The results of this research are also supported by the 

research results of Chaoen Li, 2020 [17] who found that 

n-octadecane/TiO2 composite PCM could increase the thermal 

conductivity of the PCM composite. 

 

Figure 4. Battery Temperature and Time Graph using TiO2 and paraffin as PCM. 

3.3. The Effect of Adding Bamboo Carbon and TiO2 to 

Paraffin on the Working Temperature of Electric 

Vehicle Batteries 

The use of bamboo carbon and TiO2 as PCM mixing 

materials in parapine provides temperature changes that occur 

in the battery. Several variations in the concentration of 

bamboo carbon and TiO2 in parapine did not show significant 

differences in battery temperature changes, but in detail the 

temperature of batteries cooled with PCM with a mixed 
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concentration of 3% bamboo carbon and 2% TiO2 in parapine 

showed a lower battery temperature compared to the mixed 

concentration the others. 

 

Figure 5. Graph of Battery Temperature vs Time using bamboo carbon, TiO2 and parapine as PCM. 

3.4. Electric Vehicle Battery Temperature of Various PCM 

Mixtures 

The PCM mixture variations studied, the PCM material 

with a bamboo carbon concentration of 2% in parapine 

showed the lowest battery temperature of all the mixture 

variations. This phenomenon occurred until the battery 

working time was 70 minutes. After the battery working time 

was more than 70 minutes, it turned out that the concentration 

was 3% carbon. Bamboo shows a lower temperature than 

other PCM mixture variations. In detail, it can be seen in 

Figure 6. 

 

Figure 6. Battery Temperature Graph for Various Mixture Variations. 

3.5. Changes in Battery Temperature from Various PCM 

Material Variations 

Several PCM variations do not show significant 

temperature changes between one PCM variation and another. 

Changes in temperature increase every 5 minutes can be 

observed in Figure 7. 

The change in battery temperature increase up to 30 
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minutes of battery working time is around 1 - 3
o
C, whereas 

after the battery working time is more than 30 minutes the 

temperature change is below 1
o
C. This phenomenon occurs 

because over time the temperature of the battery can cause a 

phase change in the PCM material which functions as a 

cooling medium, resulting in the absorption of heat energy 

from the battery to cause a phase change in the PCM material. 

This phenomenon results in a slowdown in the rate of increase 

in temperature in the battery. 

 

Figure 7. Graph of Changes in Battery Temperature/5 minutes from Various PCM Variations. 

4. Conclusion 

From the results of the research that has been carried out, it 

can be concluded as follows: 

1) Using PCM as a battery cooling medium can provide a 

better reduction in battery temperature than without 

using PCM cooling. 

2) The addition of TiO2 and bamboo carbon to paraffin as 

PCM material can have the effect of reducing battery 

temperature more quickly compared to pure PCM. 

3) The addition of 2% bamboo carbon to parapine provides 

a better cooling effect up to a battery working time of 65 

minutes compared to other PCM mixture variations, 

whereas after battery working time is above 65 minutes 

the addition of 3% bamboo carbon to parapine provides a 

better cooling effect compared to other variations of 

PCM. 

4) Overall, the variation in the mixture of PCM materials 

made has not shown a significant change in reducing the 

rate of increase in temperature that occurs in the battery. 
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