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Performance Examination and Design
Optimization of Thermoelectric Sensor
Configuration for Energy Harvesting From Air
Conditioner Waste Heat

Ramli Yusof, Herman Wahid, M. Hafis Izran Ishak, Dirman Hanafi, Rozaimi Ghazali

Abstract: Due to energy crisis as well as environmental
pollution issues, it is necessity for the establishment of alternatives
energy harvester system in reducing the dependency of the
primary resources such as oil and coal. The purpose of this
research is to investigate working principle of the thermoelectric
(TE) which able to harvest waste heat energy through a portable
air conditioner and convert it to electrical energy. To optimise the
TE performance, a number of TE configurations via experimental
analysis are carried out which are significantly affecting the
output power and the conversion efficiency of the TE system.
From this research, it is concluded that proper design of the TE
system is required to improve its energy conversion efficiency.

Keywords : Thermoelectric, energy harvesting, waste heat,
conversion efficiency, air conditioner.

I. INTRODUCTION

These days, the demand of electricity is rising rapidly

with the growing industries and household electrical
appliances. To fulfill these daily requirements, different
energy sources like coal, water, wind and solar energy are
employed at a very high cost. Some of the the power
generation method simply produce huge number of waste heat
into the environment. Since heat can be converted even in a
small mill watt range, it may has high potential to be recycled
for domestic low power lighting usage and in running low
power  consumption  electronic  products  [1][2].
Thermoelectric device which works with the principle of
Seebeck effect converts temperature gradient between the two
junctions into voltage and vice versa can be utilize to harness
electricity from heat. The output voltage is directly
proportional to the temperature difference between the two
sides of module. Among which, waste heat recovery by using
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thermoelectric has become of the most promising
technologies to improve the fuel economy and emission
reduction of vehicles because of its attributes such as light
weight, small size, silence, scalability and no mechanical
vibration and chemical erosion [3].

Peltier module is a thermoelectric module that have the
ability to convert thermal energy into electrical energy which
are made of two semiconductors, one being p-type and
another being n-type. The working operation is based on
Seebeck effect (conversion of heat into electricity) which
occurs inside the Peltier modules [4]. As the heat spreads and
starts flowing so does the free charge carriers from the hot
side to the cold side. The end voltages are proportional to the
temperature difference and the system keeps on generating
voltage as long as the temperature differences remain with
respect to time and temperature difference. Peltier cells are
based on the principle of thermoelectric phenomena [5].
These phenomena are based on the formation of a difference
of voltage levels at the junctions of two different metal
materials. The first important discovery relating to
thermoelectricity occurred in 1821 when a German scientist,
Thomas Johann Seebeck, found that an electric current would
flow continuously in a closed circuit made up of two
dissimilar metals provided that the junctions of the metals
were maintained at two different temperatures [6][7]. Fig. 1
illustrates the basic functional blocks of a thermoelectric
generator.

From literature, Yildiz in [8] has studied the performance
of thermoelectric system through an air conditioner condenser
by fabricating a holder and clamper. Both holder and clamper
are not only to fix the thermoelectric module but it is made
from copper to absorb more heat and transfer to the
thermoelectric surface to get higher gradient temperature. An
experimental layout of a thermoelectric system setup is shown
in Fig. 2. According to the temperature measurements, there is
not enough temperature difference between hot and cold
plates of the thermoelectric unit that the output voltage is
435mV due to improper installation which the cold and hot
sides are not in parallel configuration.
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Fig. 1. Basic thermoelectric functional blocks

Fig. 2. An experimental layout of a TE system in [8]

In this paper, the performance investigation of the
thermoelectric and the best configuration of the
thermoelectric are performed on an air conditioner through a
number of experiments. The thermoelectric cooler (TEC)
module is selected and tested with difference temperature
profile and configuration to verify its capability and
performance. This paper is prepared and covered as follows:
Section 2 describes the methodology of the studies; Section 3
discusses the several experimental results and Section 4 will
conclude the experimental analysis.

Il. EXPERIMENTAL SETUP OF THE

MEASUREMENT WORK

The first part of the analysis is to determine the output
voltage, current and power within TEC depending on the
temperature difference between the hot and cold sides. A
comparative study of three selected types of module with
same dimension (i.e. 40 mm x 40 mm) which are
TEC1-12703, TEC1-12706 and TEC1-12706 shown in Fig. 3
(a)—(c) will be conducted. The entire TEC modules were
purchased from a local distributor in Malaysia.

The measurement process is started by measuring the
output voltage of the TEC module in which different hot side
temperature ranging from 40°C to 70°C are applied (to
imitate the heat from the air conditioner compressor). The test
is performed by using a hot plate from Fisher Scientific
(Model no. 11110250SH) as shown in Fig. 4(a) to provide
various range of temperatures as the source for hot side of the
TEC module. Temperature sensor with analog output (LM35)
and TEC module are connected to the Arduino board to
collect the output voltage and the temperature readings via the
serial monitor in degree Celsius and Volt, respectively. The
output current of TEC is measured by using a digital
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multimeter as depicted in Fig. 4(b).

(a) (b) (c)
Fig. 3. TEC modules under investigation: (a) TEC1-12703, (b)
TEC1-12706, (c) TEC1-12710

(b)
Fig. 4. (a) Fisher Scientific hot plate, (b) a digital
multimeter

111. MEASUREMENT RESULTS

A. TEC Module Performance

The first experiment involves the measurement condition
when the hot side is heated on the hot plate and the cold side is
exposed to the ambient temperature. A sensor for temperature
measurement is placed on the top of TEC module of cold side.
The delay time taken to perform this measurement is every 60
seconds for difference range of temperature at hot side which
the initial temperature applied to hot side is 40 °C, followed
by 50 °C, 60 °C and 70 °C, for each TEC module .The
measurements values were recorded and are tabulated in a
table. Then each of the data plotted into graphs as shown in
Fig. 5 (a)-(d) to identify the characteristic of the temperature
that generate the optimum output voltage, current and power.

From the plotted graphs in Fig. 5, it is determined that the
average maximum output voltage for each TEC module was
obtained when cold side temperature was reached
approximately at same hot side temperature applied. This
approach is used to identify the type of TEC module which
gives the best performance in term of its maximum output
voltage for the same level of applied temperature, as tabulated
in Table 1.
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Fig. 5. TEC’s performance for different cold side
temperature, when hot temperature is: (a) at 40°C,
(b) at 50°C, (c) at 60°C, (d) at 70°C

Table- 1: The optimum temperature for cold side

At40 | At50 | At60 | At70
°C °C °C °C
12703 26.9 26.9 26.4 25.9
12706 26.9 26.9 26.4 259
12710 26.9 26.9 26.4 25.9

T-hot (°C)

T-cold (°C)

In another analysis, the temperature different, produced
output voltage, maximum output current and the maximum
output power for dfferent TEC type are summarized in Table
2 (@) — (c). Therein the table, the maximum voltage of 1.09 V
is produced by TEC1-12703 at maximum temperature
deviation of 44.1 °C. However, the optimal current and output
power is given by TEC1-12706 which produces 131.01 mA
and 0.108 W respectively, even though the generated voltage
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is slightly lower as compared to TEC1-12703.

Table- 11 : TEC module performance for: (a)
TEC1-12703, (b) TEC1-12706, (c) TEC1-12710
T;hot T-ocold AT Vout Max lout I':\’/cl) e:jf[
(°C) (°C) V) (mA) W)
40 26.9 13.1 0.303 26.60 0.008
50 26.9 23.1 0.450 43.30 0.019
60 26.4 33.6 0.650 44.62 0.029
70 25.9 44.1 1.090 53.42 0.058
(a)

T;hot T-ocold AT Vout (V) Max lout I':\’/(I)i)i
Q) Q) (mA) (W)
40 26.9 13.1 0.303 26.60 0.008
50 26.9 23.1 0.450 43.30 0.019
60 26.4 336 0.650 44,62 0.029
70 25.9 44.1 1.090 53.42 0.058

(b)

T-hot | T-cold AT | vourqyy | Maxlout 'F\,’('Ji’;
(°C) (°C) (mA) (W)
40 26.9 13.1 0.196 27.64 0.005
50 26.9 231 0.391 42.94 0.017
60 26.4 336 0.459 72.63 0.033
70 25.9 44.1 0.640 88.26 0.056

(©

The correlation of output voltage, current and power versus
time are shown in Fig. 6 (a)-(c). From the plotted graphs, TEC
12703 has maximum output voltage of 1.09 V at AT = 44.1
°C, TEC 12706 has maximum output current of 131.01 mA at
AT =44.1 °C and TEC 12706 has maximum output power of
0.108 W at AT = 44.1 °C. The obtained low value of output
power is identified by experimental measurements whereas
the heat at cold side is not being dissipated which it reflect to
temperature difference between both sides.

Further experiment is then executed with heat sink. Using
the same approach, the experimental measurements of TEC
module are conducted. In general, better results are achieved
in which heat sink has significantly improve the temperature
difference between hot side and cold side, hence increasing
especially the output voltage. The results for these
experiments are tabulated in Table 3 (a) — (¢) TEC module
performance with heat sink for : (a) TEC1-12703, (b)
TEC1-12706, (c) TEC1-12710. The TEC module
performance with heat sink is further illustrated in the
correlation form as shown in Fig. 7 (a)-(c). From the plotted
graph, TEC 12703 with active heat sink has maximum output
voltage of 1.14 V at AT =44.6 °C, TEC 12706 has maximum
output current of 160.75 mA at AT =44.6 °C and TEC 12706
has maximum output power of 0.158 W at AT = 44.1 oC.
From the experimental result, it can be observed that the
output power had increased about 40% when heat sink is
applied to the cold side of the TEC module.
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Fig. 6. TEC’s performance for (a) output voltage, (b)
output current, (c) output power

Table- 111: TEC module performance with heat sink for:
(a) TEC1-12703, (b) TEC1-12706, (c) TEC1-12710

T-hot T-cold AT Vout Max lout Max Pout
(°C) (°C) (V) (mA) (W)
40 26.4 13.6 0.391 44.99 0.018
50 25.9 24.1 0.582 55.47 0.032
60 25.9 341 0.767 76.12 0.058
70 25.4 44.6 1.114 84.27 0.094

(a)

T-hot T-cold AT Vout Max lout Max Pout
(°) (°Q) (V) (mA) (w)
40 26.4 13. 0.2 63.92 0.018
50 25.9 24. 0.4 86.49 0.036
60 25.9 34. 0.6 129.17 0.082
70 254 44, 0.9 160.75 0.158

(b)

T-hot T-cold AT Vout Max lout Max Pout
(°C) (°C) (V) (mA) (W)
40 26.4 13. 0.4 35.43 0.015
50 25.9 24. 0.4 79.47 0.036
60 25.9 34. 0.4 103.61 0.052
70 254 44, 0.8 126.13 0.112
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Fig. 7. TEC’s performance with heat sink for (a) output
voltage, (b) output current, (c) output power

B. TEC Performance for Different Configuration

In order to access the impact of TEC module from waste
heat of air conditioner, verification is done to get the optimum
point of heat released which may contribute to high
temperature difference. It was identified that the compressor
area had released the highest temperature. To measure the
temperature from waste heat, a temperature sensor is attached
on body of the compressor and air conditioner is run for 1
hour with variation of air conditioner’s operating temperature
setting which ranging from 16 °C to 30 °C. From collected
data, the temperature profiles are plotted as shown in Fig. 8. It
has been observed that the highest temperature obtained when
the air conditioner operated at setting temperature of 16 °C.

Next, the experiments of three different configurations
which are described below are carried out. As referred to the
previous analysis, TEC- 12706 is selected here for the
following experiments, as it has given the best performance
for the maximum output power.

1. Configuration A: The TEC is attached directly to the
COmpressor.

2. Configuration B: The TEC is equipped with heat sink
and mechanical structure. By implementing the
mechanical structure as
shown in Fig, it is expected
that released heat from

Published By:
Blue Eyes Intelligence Engineering

Exploring Innovation



International Journal of Recent Technology and Engineering (IJRTE)

ISSN: 2277-3878, Volume-8 Issue-3S2, October 2019

T-Compressor vs Time (At difference set temperatur
70.0
——16
60.0 5 —=—17
v an & —— 18
BQ’ 50.0 5 ! ar =19
5 —=—20
$ 40.0 " 21
E‘ mL wli . ALK L 22
30.0
g —23
Q 24
© 20.0
= ——25
10.0 —=—26
——27
0.0 —=—28
1 5 9 13 17 21 25 29 33 37 41 45 49 53 57 29
Time (minute) —*—30

Fig. 8. Temperature rising during the operation of air conditioner’s compressor

compressor is insulated, hence heat rate around the TEC

module is improved.

3. Configuration C: The TEC is equipped with heat sink,
mechanical structure and graphene sheet as shown in
Fig. Thin graphene sheet had been placed at both sides
of hot sides which are not contacted to the curve surface
of the compressor. This method is expected could
absorb more heat from the surface of compressor and
increase the heat transfer to the hot area of the TEC
module.

Fig. 9. Configuration C : TEC with mechanical heat
absorption structure and graphene sheet

The different readings of the temperature and output
voltage for different configuration are recorded in and
summarised in the plotted graph as shown in Fig.

As referred to the summary result as shown in Table 4, by
comparing the results of configuration B and C with the one
with configuration A, it can be found that significant
improvement occur in term of the amount of temperature
difference, which will apparently generate more electrical
energy. The results of configuration B indicates that the use
of heat sink can increase the temperature difference between
two sides of TEC module and improvement result is also
found by adding the mechanical structure to the TEC module.
The result of configuration C indicates that the result can be
further improved significantly by implementing graphene
sheet to absorb more heat transfer from the curve area.
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© ©)
Fig. 10. Mechanical structure for (a) side view, (b) top
view, (c) internal view, (d) internal view with graphene
sheet

IV. CONCLUSION AND FUTURE WORKS

TEC module produces voltage when there is the
temperature difference between the both surfaces which it
works on the principle of Seebeck effect. This work
considered some type of TEC module with difference
configuration by utilize some arrangement that provides
heating and cooling to the opposite sides of TEC module.
TEC module had been applied through portable air
conditioner at compressor area
to harvest electrical energy
from waste heat. A single TEC
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Table- 1V: Comparison of output performance for different configuration of TEC module

] . Heat S'n.k * Graphene Max Output Relative Increment Relative Increment
Configuration TEG Mechanical . .
Sheet Voltage (V) (Compare with A) (Compare with B)
Structure
Yes No No 0.191 - -
B Yes Yes No 0.298 56% -
C Yes Yes Yes 0.640 235% 114%

managed to obtain up to
difference of about 44 °C.

The results were also showing positive effect of TEC
module configuration with additional of heat sink, mechanical
structure and graphene sheet. Besides, there are some new
improvements of configuration could be done such as using
heat sink from other materials for better conductivity, proper
insulation material for the inner side of mechanical structure
and implement thicker graphene sheet for inner side of
mechanical structure .

In particular, to improve the performance of the overall
TEC system, the implementation of the power management
such as DC to DC converter should be highly considered. It is
necessary to adopt this converter in the TEC system to
provide more stable power output as well as to improve its
efficiency.

1.09 V with the temperature
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