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Abstract: This project objective was to develop a prototype that can be used to  recover  waste  heat. The
recovered waste heat is then converted into electrical energy and then stored for other usages or
applications.The prototype which was designed and developed for this project used a transducer known as
a thermoelectric generator which utilised the concept of a Seebeck effect converter. This concept was based
on the idea of the direct conversion of temperature difference which resulted in an electric potential measured
as voltage. A higher potential difference is obtained and generated when there is a higher temperature
difference.Dissipated heat from equipment or appliances can be considered a form of waste heat energy. Several
experiments were carried out to determine the differential temperature between room temperature and the
approximate temperature from the heat dissipated by the air conditioner's outdoor unit with the voltage output
generated by the thermoelectric transducer. The finalprototypeconsisted of a thermoelectric generator and a
step-up module was assembledwhich managed to increase the produced voltage output by the thermoelectric
generator and hence able to convert waste heat into electrical power.
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INTRODUCTION Seebeck effect concept was based on the idea of the

The idea of this project came from the observation of in an electric potential measured as voltage. The higher
waste heat being generated at a database centre where the temperature difference between the two surfaces of
many air-conditioner units were installed to cool down the the thermoelectric generator, the higher the potential
electronics equipment. There was a lot of waste heat difference  generated  by  the  thermoelectric  transducer
being generated by both the electronics equipment in the [6, 7, 8].
centre and also the outdoor compressor units of the air-
conditioners, the idea emerged for the potential and Literature Review: A thermoelectric generator also
feasibility of recovering and converting the waste heat known as TEG (shown in Figure 1) is an electrical
energy into practical applications [1, 2]. transducer  that  consists  of  two  surfaces  that  are

Therefore, it was proposed to design and develop a ready to be exposed to two different contrasting
prototype that was able to convert the waste heat energy temperatures; where one temperature needs to be much
into electrical energy [3]. A prototype and heat trap was higher.
designed to effectively capture the waste heat energy and Each surface of the electrical transducer which is the
convert it electrical energy and stored in power banks. By thermoelectric generator will be exposed to hotter air and
recovering this waste heat and storing this energy for cooler air (as shown in Figure 2). By that means, the TEG
future purposes such as lighting, less resources can be would be able to generate a voltage output when there is
spent on using the power grip supply which would add to differential temperature between both surfaces [7, 8, 9, 10].
the operational cost. Therefore, the higher the temperature differences between

The  prototype  used an electrical transducer known two surfaces of the TEG, the higher the potential
as  a  thermoelectric  generator  which  utilised the differences experience by the TEG and eventually, larger
concept of a Seebeck  effect  converter  [4, 5, 6]. The electricity is produced by TEG.

direct conversion of temperature difference which resulted
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Fig. 1: A thermoelectric generator module with a side of
the ceramic substrate removed showing the
semiconductor pellets [15]

Fig. 2: Schematic diagram of a thermoelectric generator
[16]

The temperature difference between two surfaces
experienced by the TEG module will affect the
performance of TEG. As shown in Figure 3 below, the TEG
will function when there is sufficient heat travelling across
the junction of N-type and P-type.

This effect would result in the generation of electrical
current using the idea of Seebeck effect [11]. The Seebeck
effect converter is a method of direct conversion of
temperature difference which resulted toelectric potential
measured as voltage.Such voltage potential also known
as Seebeck voltage which triggers flow of electron and
hole is drive by the temperature difference experienced by
the hot side and cold side of TE transducer.

Fig. 3: Illustration of heat flow from P-type to N-type

Methodology and Experiment: The developed prototype
used an electrical transducer called thermoelectric
generator module and a step-up module which was used
to boost up the voltage output and utilise the voltage
output for benefits.

The initial first prototype for this study did not
include the step-up module. However, the first prototype
which only had the thermoelectric generator module was
not able to generate sufficient output voltage to charge
the power bank. There were two possible methods that
could be used to further increase the voltage output from
the first prototype.

The first method was to increase the temperature
difference between the two surfaces. This would require
either having a much higher hot air or on the other hand,
a much colder air for the other surface. However, the hot
air generated by the air-conditioner units would be
constant and not a variable that can be controlled. In
addition, it would not be cost-effective to spend
resources to further cool down the colder air since one of
the purpose of this study was to keep costs as low as
possible.

The second method was to search for methods to
further increase the output voltage currently being
produced by the first prototype design. After further
research and discussion, it was found that a step-up
module was a feasible method to increase the voltage. 

After considering both alternative methods, it was
decided that the second method would be more suitable.
After further redesign on the circuitry, a step-up module
was integrated in to the first prototype. This second
prototype was then tested using the same experimental
setup and it was found that this new second prototype
was able to successfully charge the power bank.

Thermoelectric Generator: The thermoelectric generator
transducer has the function as an input voltage simulator
to utilise waste heat energy using the method of heat flow
across junction N-type and P-type resulted to the greater
the differential temperature between two surfaces of the
thermoelectric generator transducer, the greater potential
voltage output [7,8,9]. The thermoelectric generator
module which was used for this prototype has the model
number TEG1-12610-4.3, which is a 40mm by 40mm
dimension thermoelectric generator module.

Step-Up Circuit Module: The step-up circuit module in
this prototype (Figure 4) has a primary function to boost
up the output voltage of the direct current greater than its
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input voltage direct current [12]. Therefore, this circuit is voltage obtained from the prototype was more stable [14].
also commonly known as boost converter or DC-to-DC The PVC rubber acts as an insulation to prevent heat loss
power converter. through the walls of the heat trap [15]. 

This step-up circuit module is suitable to be used
when there is a low voltage power supply. The prototype
was found to have an input from the thermoelectric
generator as low as 8mV. This circuit was able to produce
the desired output at the Universal Serial Bus (USB) of 5V
which is sufficient to charge a powerbank.

Fig. 4: Figure shows the schematic diagram of the self-
designated step-up circuit used in the prototype A heat trap with a waste heat recovery prototype was

Fig. 5: Figure shows the final outcome of the step-up There are many potential applications for this project.
circuit module used in the prototype The setup of the heat trap and prototype can be used at

Heat Trap: Thepurpose of the heat trap is to heat energy being generated and currently being
effectivelytrap and contain heat in an enclosed dissipated into the environment. Instead of ignoring the
compartment. For this project, the heat trap is used to potential energy usage of this waste heat energy, the
capture  and  collect the waste heat energy dissipated prototype can be used to convert that energy into stored
from the outdoor compressor unit. With the heat trapped energy in power banks. These power banks can be
and collected in this enclosure, the prototype is potentially used for emergency lights or as other backup
connected to the heat trap to enable the heat to be power applications.
exposed to the ‘heat input’ surface of the thermoelectric The performance of this prototype can be further
generator [13]. improved to produce higher output voltage than the

The heat trap used for this project was a simple  used current minimum 5V. By investing in better and higher
cardboard box with dimensions 26cm×18.5cm×19cm. It grade thermoelectric generators and step-up models, a
was found that by insulatingthe surface of the cardboard higher output voltage can be achieved which would be
box with PVC  rubber  foam  insulation  sheet,  the  output more useful in more areas and applications.

Fig. 6: Experiment setup for heat trap with prototype

CONCLUSION

successfully designed and developed to convert waste
heat energy into electrical energy to charge a standard
power bank. The thermoelectric generator and step-up
module in the final prototype was successful in charging
the power bank. 

Experiments were conducted to study the
significance of the heat trap design in the performance of
the prototype. It was found that using a smaller dimension
heat trap box and also addingheat insulation on the heat
trap, there was a positive effect in improving the
generated output voltage from the prototype. 

locations or environments where there is a lot of waste
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