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Abstract 

Incandescent lamp is usually used as heating system in eggs 

incubator system. However, it has disadvantages in which short 

life time of usage and high energy consumption. In this study, 

the thermoelectric module (TEM) is used to replace it. The 

incubator is made of 15 mm thickness of wood with dimension 

of 35 x 30 x 35 cm of length, width, and height respectively. 

The ventilating hole is 1 x 5 cm and located at the back wall of 

incubator for air circulation. To maintain the humidity, water in 

the basin is located under the eggs rack. Thermostat is 

employed to maintain temperature at specific set point. The 

result shows that the TEM module is successfully applied in the 

incubator. The comparison between TEM and incandescent 

lamp is also conducted and results that TEM is more efficient 

with 34.1 % of energy saving. 

 

INTRODUCTION 

Global population growth causes the increase of meat demand 

in the world [1]. One of the sources of them is from poultry 

such as chicken and duck. The poultry egg incubator is needed 

to hatch number of eggs at one period. Basically, this incubator 

is designed to make the similar physical condition as the natural 

incubation by mother poultry [2].  

There are number of important parameter in eggs incubation 

such as temperature, humidity, air circulation, egg turning and 

time period [3-4]. Although not every types of poultry has the 

same value of parameters but maintaining them at specific 

value is needed [5]. Especially for temperature, since the 

temperature of environment is mostly lower than incubation 

temperature needed, therefore controlled heating system is 

required. 

The heating system can be made of incandescent lamp which 

convert the electricity to heat and light [6]. However this option 

has disadvantages i.e short life time of usage and high energy 

consumption. In the other hand thermoelectric module (TEM) 

can be applied as heat pump device [7]. It means that device 

creates heating and cooling effect simultaneously and thus can 

alternatively be applied for heating system.    

Thermoelectric module is the device consisted number of pair 

thermoelectric materials which are p type and n type 

semiconductor [8]. When the electrical current flow through the 

module, one side of module absorbs heat (cold) while another 

side emits heat (hot). Compared with conventional heating 

element, TEM has advantages in which long life time and low 

energy consumption. The utilization of TEM as heat pump, 

either as cooler or heater, has been widely studied [9-15].  

In this research, the experimental study in TEM utilization as 

heating system in eggs chicken incubator is conducted. 

Moreover, the comparison of energy consumption is also 

analyzed between TEM and incandescent lamp as heating 

system in the incubator.  

 

EXPERIMENTAL SETUP 

The dimension box of designed eggs incubator is 30 cm x 35 

cm with the height of 30 cm. The materials of box is wood with 

15 mm thickness. The ventilating hole is made at the back wall 

of box with dimension of 1 cm x 5 cm for air circulation. The 

rack for eggs is inside the box and water is under that rack to 

maintain the humidity. 

The heating system of incubator is designed to maintain the 

temperature inside the incubator at 40 oC while the ambient 

temperature at 23 oC. The heating load of incubator is 

calculated by considering the heat transfer rate from incubator 

to the surrounding through the wall. The TEM of TEC1-12706 

is used in this experiment. The number of TEM required in this 

experiment is one module since the heating capacity of TEM is 

higher than heating load [16].  

The hot side is placed facing to the inside box, while the cold 

side of TEM is facing to the surrounding. Heat sinks and fans 

are employed at both side to enhance the heat transfer rate. To 

maintain the temperature of the air inside the box, digital 

thermostat is used. 12VDC is supplied to the system by power 

supply. The heating system is automatically turned off if the 

system achieve the set point temperature. In the other hand, the 

system is automatically turned on again if the temperature 

below the set point.  

 

Figure 1. Experimental setup 

mailto:triayodha@telkomuniversity.ac.id


International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 11 (2018) pp. 9871-9873 

© Research India Publications.  http://www.ripublication.com 

9872 

Eggs incubation takes 21 days with temperature about 39 oC 

[2]. The incubator is tested to maintain the temperature at 

temperature 38 oC, 39 oC, and 40 oC. During incubation process 

the eggs are turned manually at determined time.   

Energy consumption by using TEM and incandescent lamp is 

also compared. The incubator is set to achieve 40 oC while the 

power consumption and time required to achieve that 

temperature are measured. Based on this experiment, electrical 

energy required for the same condition is calculated.   

 

 RESULT AND DISCUSSION 

The temperature increases to achieve set point temperatures at 

specific set points are shown in figure 2. 

 

 

Figure 2. Temperature of incubator at three different set pont 

temperature 

 

The blue, orange, and grey dots refer to the temperature set 

point of 38 oC, 39 oC, and 40 oC respectively. It is clearly seen 

that time required to achieve set point temperature is longer at 

higher set point since energy needed to increase temperature 

(sensible heat) is higher. All the plots have ripple around the set 

point temperature. The controller used in this incubator is 

simple on-off control. If the temperature is higher than the set 

point, the heating system will be automatically turned off thus 

temperature decrease. The heating system is automatically 

turned on again if the temperature below the set point 

temperature thus the temperature increase again []. The 

experiment takes 21 days to hatch the eggs. At the end, number 

of eggs has been hatched successfully, shown in figure 3.  

 

 

Figure 3. Successfully hatched chicken eggs 

 

Table 1. Comparison of energy consumption 

Heating Element Set 

point  

(oC) 

Time required 

(minutes) 

Energy 

consumption 

(Wh) 

TEM 40 12 10.24 

Incandescent lamp 40 17 15.56 

 

The comparison results between utilization of TEM and 

Incandescent lamp as heating element is shown in table 1. The 

time required by using TEM as heater to achieve 40 oC from 

ambient temperature is 12 minutes with total electrical energy 

consumption of 10.24 Wh. While, at the same condition 

Incandescent lamp need 17 minutes with 15.56 Wh. It means 

that the TEM is more energy efficient which 34.1 % of energy 

saving.   

 

CONCLUSSION 

In this study, the chicken eggs incubator using TEM as heating 

element has been successfully designed, constructed, and 

tested. The temperature of incubator is controlled using simple 

on-off controller to maintain at specific set point. The 

utilization of TEM in the incubator reduces the energy 

consumption 34.1 % compared with Incandescent lamp.  
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