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ABSTRACT 

 

The first thermoelectric effect was discovered in 1821 by T.J. Seebeck. He showed that an electromotive force 

could be produced by heating a junction between two dissimilar electrical conductors. The Seebeck effect can be 

demonstrated by making connections between different metal wires (e.g. copper and iron). The thermoelectric 

module will generate a voltage if the two sides of the surface have different temperatures, namely the hot side 

and the cold side, otherwise a temperature difference will be generated if the thermoelectric module is voltage 

supply. Cold load is the amount of heat transferred by the air conditioning system per unit time. The refrigerant 

load includes the temperature of the incoming and outgoing air, the humidity of the incoming and outgoing air, 

the mass flow rate of the outgoing air, and the temperature in the cooler. The cold load will directly affect the 

cooling performance of the machine. A thermoelectric cooler is a cooler that uses the Peltier effect in its system 

as a heat exchanger. This Peltier element is environmentally friendly because it does not use freon gas for the 

cooling process, so it is not harmful to the environment. Using a thermoelectric cooler could maintain the 

product, but in this study ketapang leaf elements were added. This ketapang leaf is an insulator with antibacterial 

properties. The method used involves collecting temperature and humidity data from the peltier in the cooler. 

Calculate the mass flow rate of air leaving the peltier and the cooling load on the cooler. Temperature 

measurements and data collection were carried out over 10 days and divided into three periods, namely morning 

with an average temperature of 25°C, daytime with an average temperature of 32°C and at night with an average 

temperature of 25°C. is 28°C. The cooler temperature measurement was performed using the TEC 12706 and 

TEC 12710 thermoelectric modules. The TEC 12706 type thermoelectric module obtained a final cooler 

temperature of 22.6°C with test time is 240 minutes. However, the TEC 12710 type thermoelectric module 

achieved a final cooling temperature of 23.9°C after 240 minutes of testing. These two tests are done at the same 

time, i.e. at night. The average cooling load on the thermoelectric cooler is 25.16 kJ/s. 

Keywords: Cooling load, thermoelectric, Ketapang leaf. 

 

Introduction 

Fish is a product that rots very easily and quickly 

at room temperature. Maintaining fishery quality is 

important in fishery refrigeration technology 

because the speed of spoilage and decline in 

product quality are influenced by temperature. 

Currently, a cooling device known as a cooler has 

been developed as a thermoelectric. This Peltier 

element is environmentally friendly because it 

does not use freon gas for the cooling process, so it 

does not damage the environment. Observations 

regarding penalties have been made by many 

researchers regarding their performance and 

utilization. A cooling thermoelectric is a cooling 

device that uses the Peltier effect in its system as a 

heat exchanger. Effect thermoelectric was first 

discovered in 1821 by T.J. Seebeck. This effect 

shows that an electromotive force can be generated 

by heating the connection between two electrical 
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conductors. The Seebeck effect can be 

demonstrated by connecting wires of different 

metals (for example, copper and iron). An electric 

voltage will be generated by a thermoelectric 

module if the two sides of the surface have 

different temperatures and vice versa a temperature 

difference will be produced if the module 

thermoelectric applies electric voltage. 

Method 

The tools used in this research include a cutter, 

Ruler, grinder machine, screwdriver, soldering 

equipment, drill machine, and sandpaper. 

Meanwhile, the materials used are modules 

thermoelectric TEC 12706 and TEC 12710,  Fan, 

Aluminium heatsink, electrical cables, soldering 

iron, Thermal paste, insulation materials, bolts, and 

nuts 

Data Collection 

To collect data, descriptive theory is used, namely 

by systematically describing the facts resulting 

from observations or research as a whole as the 

main source of information, then the description is 

studied by linking it to the theoretical basis or 

existing literature by the object of observation, 

where the author reviews the analysis of the 

cooling load on cool box thermoelectric. The data 

collection that the author carried out during the 

practice was employing observation and direct 

observation in the field of the object that was the 

author's target. The types of data collected during 

practice consist of primary and secondary data. 

Field observations are carried out by collecting the 

data required for writing according to the title of 

the final practice, including : 

1. Data collection cool box This is done by 

directly observing the unit cool box. 

2. Measurement of the unit area cool box. 

3. Measurement of temperature leaving and 

entering the unit cool box and 

measurement of the mass flow rate of air 

leaving the unit cool box. 

4. Journaling of temperature data and air 

mass flow rate. Data collection cool box. 

This is done by directly observing the unit 

cool box. 

 

Data Analysis 

After collecting data, the collected data is 

immediately analyzed to review the results of 

discussions in the field. Data were analyzed using 

the method : 

1. Descriptive, namely by presenting, explaining 

systematically the data obtained in accordance 

with the boundaries of the problem, topic and 

practice objectives. Where the author explains 

the effect of cooling load on the performance 

efficiency of cool box. 

2. Quantitative, namely by analyzing the data 

obtained using comparative analysis formulas 

contained in the literature study. The 

application of the formula or theory that will be 

used is explained in the discussion below. Load 

calculation formula : 
 

Q  = m · Cp · Δt   (1) 

Q  = Refrigerated space load (J/s) 

m  = Air masses (kg/s) 

Cp  = Specifik heat of air (J/kg.k) 

ΔT  = Temperature difference (°K) 

Results And Discussion 

Coolbox Ketapang leaves 

Ketapang is a plant that grows a lot around 

the Jakarta Fisheries Business Expert Polytechnic 

campus. Every day the leaves can fall, thereby 

increasing the organic waste capacity. Apart from 

that, if it is burned it will produce CO2 which will 

have an impact on air pollution and will harm 

health, especially the human respiratory tract. 

According to Tampemawa (2016), ketapang leaves 

(Terminalia catappa L.) It is known to contain 

chemical compounds such as flavonoids, alkaloids, 

tannins, triterpenoids, steroids, resins, saponins, 

quinones and phenolics. Tuntun (2016) also added 

that this compound can be antibacterial. 

Figure 1. Ketapang Leaves Coolbox 

(Source: Personal Documentation) 
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Utilizing a thermoelectric Peltier as a 

cooler has many benefits, including in design cool 

box antibacterial peltier. This product uses a peltier 

element in the cooling section to lower the room 

temperature. This element will work by flowing 

electric current to the semiconductor plates 

contained within its cool box capable of producing 

quite cold temperatures. 

Ketapang leaves are a plant that has 

antibacterial abilities. In planning cool box 

thermoelectric Ketapang leaves are added as an 

additional element to this design. 

Volume Ruang Coolbox 

Volume ruang pada coolbox antibakteri sebesar 

34.5 liter with sizing of 27.5 x 27 x 46.5 cm. 

 

Figure 2. Coolbox Volume 34.5 liter 

(Source : Personal Documentation) 

 

Room Temperature of Coolbox 

Temperature coolbox namely the 

temperature produced by the element peltier for 

space coolbox. At the Serang IPLKP workshop the 

average temperature was 32° C with an initial 

room temperature coolbox is 31.1°C. Measuring 

and retrieving room temperature data coolbox 

performed on coolbox who was at the IPLKP 

Serang workshop. Temperature measurements and 

data collection were carried out for 10 days and 

divided into three times, namely, morning with an 

average temperature of 25° C, afternoon with an 

average temperature of 32° C, and evening with an 

average temperature of 28° C. 

Temperature measurement coolbox done 

using modules thermoelectric types TEC 12706 

and TEC 12710. On the module thermoelectric 

type, TEC 12706 gets the final temperature 

coolbox 22.6° C with a test duration of 240 

minutes. But on the module thermoelectric type 

TEC 12710 gets the final temperature coolbox 

23.9° C with testing for 240 minutes. These two 

tests were carried out at the same time, namely at 

night. 

Use of Coolbox 

1. Storage of products 

Coolbox is a tool that is designed in such a way 

as to maintain a certain temperature level. So 

use Coolbox This was made with the aim of 

storing various kinds of products such as fish 

raw materials so that their freshness can be 

maintained and can last longer. That's why the 

space cool box must be designed in such a way 

as to optimize its function. Indoor fish raw 

material products Coolbox The capacity will be 

adjusted according to its cooling capacity. 

2. Retrieval of temperature data 

Usage coolbox also for collecting temperature 

data, because the temperature recorded is the 

temperature entering the room coolbox. 

Therefore, every measurement and collection of 

temperature data must enter the room. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Retrieval of temperature data 

entering the Coolbox room 

(Source: Personal documentation) 

 

Main Components 

1. Peltier TEC-12706 

A peltier element or thermoelectric 

cooler is a device that can create a temperature 

difference between its two sides if a direct 

electric current is applied to the two poles of 

the material, in this case a semiconductor. The 

figure shows the physical form of the Peltier 

element. In terms of refrigeration, the main 

advantages of peltier elements are that they 

have no moving parts or circulating fluids, and 

that their small size and shape are easy to 

engineer. Meanwhile, the disadvantages lie in 

the low power efficiency factor and system 

design costs which are still relatively 

expensive. Generally, this thermoelectric 
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module measures 40 mm x 40 mm or smaller 

and is approximately 4 mm thick. The lifespan 

of a thermoelectric module that complies with 

industry standards is around 100,000-200,000 

hours and more than 20 years if used as a 

coolant and with the appropriate number and 

voltage characteristics of each module. 

 

 

 

 

 

 

 

 

 

 
 

 

 

Figure 4. Elemen Peilter TEC 12706 

(Source ; cncstorebandung 

shopee.co.id/cncstore_Bandung) 

 

2. Power Supply 

Power supply is a component used to 

supply or provide electrical power to one or 

more devices. Power supply Currently, it has 

been designed in such a way as to be able to 

convert basic energy materials such as solar, 

wind and chemical energy into electrical 

energy. Power supply which is used is power 

supply 10 amps is 12 volts. 

 

 

 

 

 

 

 

 

 
 

Figure 5. Power Suply 10 Ampere 

(Source : jmslighting shopee.co.id/jmslighting) 

 

3. Heatsink 

A heatsink is a passive heat control device that 

absorbs heat emitted or generated by electronic 

components and then transfers it to the 

surrounding fluid medium. Heatsink is usually 

made of aluminum, it is in contact with the hot 

and cold sides of the module thermoelectric. 

When the positive and negative of the module 

thermoelectric are connected to the respective 

positive and negative terminals of a DC power 

source, heat will be released by the module 

thermoelectric hot side, the heatsink facilitates 

heat dissipation. Heatsinks are usually an 

intermediate stage in the heat transfer process 

where heat flows into the heatsink and is then 

transferred to an external medium. Generally, 

heatsinks include free convection, forced 

convection, and liquid cooling, depending on 

the size of the refrigerator. 

 

 

 

 

 

 

 

 

 

Figure 6. Heatsink size 40x60x18 mm 

(Source: cncstorebandung 

shopee.co.id/cncstore_Bandung) 

4. Fan 

The fan is an important component in the 

thermoelectric coolbox electrical system. The 

function of the fan is to create an air flow that 

helps move heat from the heatsink to the 

environment outside the coolbox. Once the 

heatsink receives heat from the peltier module, 

that heat must be dissipated to the outside 

environment to ensure that the coolbox works 

efficiently. Fans help speed up this process by 

creating a flow of air that disperses heat to the 

outside environment. The fan used is a 9 cm x 9 

cm 12 volt fan. 

 

 

 

 

 

 

 

 
 

Figure 7. Fan size 9 x 9 x 12 cm 

(Source : cncstorebandung 

shopee.co.id/cncstore_Bandung) 

 

5. Ketapang Leaves 

According to Tampemawa (2016), ketapang 

leaves (Terminalia catappa L.) are known to 

contain chemical compounds such as 

flavonoids, alkaloids, tannins, triterpenoids, 

steroids, resins, saponins, quinones and 

phenolics. Tuntun (2016) also added that this 

compound can be antibacterial. Added by 

(Widowati et all, 2019) in previous research, it 

was said that alkaloids, saponins, phenolics, 

flavonoids, triterpenoids, and glycosides are 
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active compounds that can inhibit bacteria on 

the skin such as Pseudomonas aeruginosa and 

Staphylococcus Aureus. 

 

 

 

 

 

 

 

 

 

 

 

Figure  8. Mixing Ketapang leaves with resin 

(Source : Serang Engine Workshop) 

 

It is used by drying it in the sun and then 

grinding the ketapang leaves and filtering them 

until they are very fine. After filtering, the 

Ketapang leaves are heated using an oven to 

remove the water element in the Ketapang 

leaves. 

 

6. Resin 

The resin itself is a material made from natural 

ingredients and chemical compounds. Initially, 

plastic was made from natural materials, 

namely resin from various trees such as visitors 

or conifers. However, because it contains 

natural ingredients, Of course, concerns about 

the scarcity of raw materials make some people 

nervous. There have been several developments 

in plastic materials made from a mixture of 

chemicals. The resinous presence of this 

chemical has caused some turpentine 

manufacturers to worry. Interestingly, the era of 

making turpentine is also developing, in 

general, the use of turpentine is as a raw 

material for gluing, coating food to make it 

shinier, and a raw material for making incense. 

(Tangkudung & Trilaksana, 2019). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Resin yukalac 

(Source : heansakimia Shopee.co.id/heansa_kimia) 

 

7. Catalyst 

 A catalyst is a substance added to a 

reaction system to speed up the reaction. 

Catalysts can provide active sites that unite 

reactants and contribute energy in heat so that 

reactant molecules can more easily transfer 

activation energy. Because of its very important 

function, the use of catalysts is a very important 

requirement in various industries. The demand 

for catalysts in various industrial processes 

tends to increase. This happens because 

chemical processes using catalysts tend to be 

more economical (Trisunaryanti, 2018). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Catalyst 

(Source : blibli.com/p/katalis-resin/ps—DAS-

70622-69963) 
 

Cooling Load on the Coolbox 

Cooling load calculations need to be carried out 

first before planning is carried out. This is 

necessary because the large cooling load greatly 

influences the choice of a cooling machine so that 

the freezing point for preserving food can be 

accurate. The cooling load is calculated to obtain 

the unit capacity coolbox with components that 

suit your needs. Load calculation formula : 

Q = m · Cp · Δt         (2) 

Q  = cooling room load (J/s) 

 m  = air mass (kg/s) 

Cp  = specific heat of air (J/kg.k) 

 ΔT  = temperature different (°K) 

 

Table 1. Specific heat of air 
Suhu  

K 

CP 

kJ / kg.K 

Cv 

kJ / kg.K 

k 

250 1.003 0.716 1.401 

300 1.005 0.718 1.400 
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350 1.008 0.721 1.398 

400 1.013 0.726 1.395 

450 1.020 0.733 1.391 

500 1.029 0.742 1.387 

550 1.040 0.753 1.381 

600 1.051 0.764 1.376 

650 1.063 0.776 1.370 

700 1.075 0.788 1.364 

750 1.087 0.800 1.359 

800 1.099 0.812 1.354 

900 1.121 0.834 1.344 

1000 1.142 0.855 1.336 

1100 1.155 0.868 1.331 

1200 1.173 0.886 1.324 

1300 1.190 0.903 1.318 

1400 1.204 0.917 1.313 

1500 1.216 0.929 1.309 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Cooling load graph 
 

The graph above shows the rise and fall of the 

cooling load over a period of 7 days. On the 2nd 

day, the cooling load increased to 42.54 kJ/s from 

previously 28.22 kJ/s. The effect of increasing or 

decreasing the cooling load is influenced by the 

value of Δt. The highest load within 7 days 

occurred on day 2 at 42.54 kJ/s. The lowest load 

within 7 days occurred on day 7 at 10.95 kJ/s. 

m = m · volume 

 = 1.225 kg/m3 · 0,0345 m3 

 = 0,0422 kg 

Pcounting day – 1 Q = m · Cp · Δt 

= 0,042 · 1.003 · 6,7 

= 282,24 J/s 

= 28,22 kJ/s 

Pcounting day – 2 Q = m · Cp · Δt 

= 0,042 · 1.003 · 10,1 

= 425,47 J/s 

= 42,54 kJ/s 

Pcounting day –3 Q  = m · Cp · Δt 

= 0,042 · 1.003 · 5,6 

= 235,90 J/s 

= 23,59 k 

Pcounting day - 4 Q   = m · Cp · Δt 

= 0,042 · 1.003 · 3,2 

= 134,80 J/s 

= 13,48 kJ/s 

Pcounting day – 5 Q  = m · Cp · Δt 

= 0,042 · 1.003 · 7,9 

= 332,79 J/s 

= 33,27 kJ/s 

Pcounting day – 6 Q  = m · Cp · Δt 

= 0,042 · 1.003 · 5,8 

= 244,33 J/s 

= 24,43 kJ/s 

Pcounting day – 7 Q  = m · Cp · Δt 

= 0,042 · 1.003 · 2,6 

= 109,52 J/s 

= 10,95 kJ/s 
 

Table 2. Cooling load calculation 

Hari M 

(kg/m3) 

Cp 

(J/Kg.K) 

Δ 

(°K) 

Q 

(J/s) 

Q 

(kJ/s) 

1 0,042 1.003 6,7 282,24 28,22 

2 0,042 1.003 10,1 425,47 42,54 

3 0,042 1.003 5,6 235,90 23,59 

4 0,042 1.003 3,2 134,80 13,48 

5 0,042 1.003 7,9 332,79 33,27 

6 0,042 1.003 5,8 244,33 24,43 

7 0,042 1.003 2,6 109,52 10,95 

 

Conclusion 

1. Environmental temperature influences the 

temperature drop in the coolbox, the lower the 

ambient temperature, the faster the temperature 

coolbox decreases. Usage thermoelectric type 

TEC – 12706 gets an average temperature 

heatsink of 14,2°C and use thermoelectric type 

TEC – 12710 gets an average temperature 

heatsink of 19.3°C 

2. Average cooling load at coolbox 

thermoelectric namely 25.16 kJ/s. 
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