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ABSTRACT

Thermoelectric generators (TEGs) are considered promising devices for waste heat recovery from various systems.
The Seebeck effect can be utilized to generate power using the residual heat emitted by the filter dryer receiver
(FDR) of an air conditioning (A/C) system, which would otherwise go to waste. The study aims to build a set of
thermoelectric generators (TEG) to collect the waste heat of the FDR and generate low-power electricity. A novel
electrical circuit with two transformers is designed and fabricated to produce a more stable voltage for operation
and charging. The thermoelectric generator (TEGs) was installed on the FDR of the A/C unit. The test showed that
climate conditions have a significant impact on the output power generated from the system. The results showed
that the peak voltage recorded in the current study is 5.2 V per day (wet, cold, and wind weather) with an output
power of 0.2 W. These values are acceptable for powering the load and charging a single battery with 3.5 V as the
voltage increases battery 0.1 V/20 min charge. A case study of operating the emergency signs in a building was
considered. The current heat recovery system is deemed to be easily installed and can be connected to a network
of TEGs to produce more power.
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Nomenclature

Z Figure of Merit (1/K)

ZT dimensionless Figure of Merit
S Seebeck coefficient (μV/K)

T temperature (K)

TC cold side temperature of TEG (K)

Th hot side temperature of TEG (K)

Ts heat sink surface temperature
T∞ ambient temperature (K)

k thermal conductivity (W/m.K)

k thermal conductivity per meter (W/K)
V voltage (V )
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I current (Amp)
QFDR FDR heat transfer rate (W)
PTEG electric power of TEG (W)
Qloss heat loss (W)
Qsink heat transfer through heat sink (W)
Rex external load resistance (ohm)
Rin internal resistance of the system (ohm)
As heat sink surface area

(
m2

)
h heat transfer coefficient (W/m2/K)
ac alternative current
A/C air-conditioning unit
OCV open circuit voltage
CCV closed circuit voltage

Greek Symbols

σ electric conductivity (s/m)

σS2 power factor
(
μW/cm.K2

)
ηmax maximum efficiency

1 Introduction

By 2030, there is an estimated increase of more than 60% in the global energy demand [1]. The
future challenges involve the storage of energy generated and limited spare fossil fuel. Nowadays,
pollution and carbon dioxide CO2 emissions are the significant wastes of use heat engines that produce
80% of the world’s energy demand [1]. One-third of the heat generated from burning fossil fuel in
internal combustion engines (ICE) is rejected as waste heat to the environment [2]. The engine of a
small vehicle loses between 500°C to 900°C of temperature to the surrounding, while large engines
produce between 400°C to 650°C [3]. In the United States, the report of the Department of Energy
showed that about 50% of all fuel combusted is emitted to the environment [4] as heat waste and
emissions.

The increasing energy demand has led to looking for alternative energy sources. Therefore, solar,
wind and geothermal energy were employed to produce energy as a replacement for fossil fuels.
However, these energy sources are costly and address a minor range of the world’s energy requirements.
Solar, wind and geothermal energy cover 2.7% of the United States’ requirement for energy [1].
Therefore, waste heat energy can be considered a significant energy source, described as inexpensive,
clean, and fuel-free [5,6]. The generation of waste heat can be categorized into three groups depending
on the degree of temperature produced, namely low, medium, and high-temperature ranges. The low
range varies between the maximum temperature of 230°C generated by annealing furnaces and the
minimum 32°C temperature generated by welding machines [4].

Thermoelectric generators (TEG) employ the Seebeck effect to transform heat into electrical
power. Researchers utilized various sources that produced heat waste and integrated it with the TEG.
Zhao et al. [7] installed the TEG on automobile exhaust with media fluid. The results showed that in
comparison with the conventional TEG system, for a particular condition, the power generation is 3.39
times higher. Moreover, Massaguer et al. [8] assessed the fuel economy of an automobile by attaching
several TEGs to the exhaust system. The work was performed experimentally and numerically using
FEM and FVM. The comparison revealed that the fuel economy of the vehicle does not happen with
the maximum power extracted from the waste heat. Furthermore, in a car, 40% of the fuel capacity
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is lost as heat through the exhaust gas [9]. Orr et al. [10] stated a modification employs a heat pipe
and TEG system to replace the radiator of the car. The test result of a specific car showed that system
produced 28 W power under a condition of the hot side being nearly 70°C and the cold side being 40°C.
In another work Orr et al. [11] designed a system consisting of heat pipes and TEGs located on the
exhaust of an automobile. According to the test results, the system generated the highest level of power
that it could produce, of 38 W using the eight installed TEGs. Furthermore, the resulting efficiency of
TEG was 2.46%. It was determined that the TEGs system installed on the vehicle’s exhaust performs
better than the one installed on the radiator within the same module [12,13].

The temperature variation between both sides of the TEG is a crucial aspect, indeed, He et al. [14]
studied the impact of the cooling method on the performance of the heat recovery system. The results
showed that the water-cooling method needs a high module area to produce more power as compared
to the method of air-cooling. The water-cooling system results showed the maximum power output
increases with the mass flow rate and gas temperature. This is not the case for the air-cooling method.
Two designs of heat exchangers were examined by Wang et al. [15]. The first one consisted of fins
attached to the surface and another one, the surface was dimpled. The aim is to reduce the back
pressure of the exhaust pipe. According to both the road test and the simulations, the use of a dimpled
surface in the automotive thermoelectric generator (ATEG) resulted in a 20.57% decrease in pressure
drop and a significant increase of 173.60% in net power output. Adding TEGs to the system apart
from the heat recovery function also improves the performance of the main system. Sok et al. [16]
demonstrated the effectiveness of TEGs in enhancing the performance of a hybridized 3.0 L CNG
engine. The author concluded that the engine brake thermal efficiency is enhanced by 0.56% using
a 7.0 × 9.0 TEG module arrangement. In another work [17], the author utilized the TEG heat
recovery system to optimize the capabilities of a 2.2-litre diesel engine designed for upcoming electric
powertrains. A 1.1% break thermal efficiency improvement was produced [17]. Akçay et al. [18] studied
numerically a system that encompasses a thermoelectric generator (TEG) installed on an exhaust
spark-ignition engine to transform the waste heat energy to electrical energy. The study focused on
analyzing the effect of the fin arrangement and exchanger structure used in a TEG system. The findings
showed that dividing the internal volume of the heat exchanger into two equal parts with a separating
plate led to a 32.45% increase in temperature difference and the addition of flow guide vanes attached
on the plate surface of the separator, resulted in an 18.79% increase.

In another aspect the TEGs can be installed on the rear face of the parabolic through collector;
also, it can be fixed on the absorber tube where the temperature reaches more than 150°C. This
combination can obtain 18 W of power [19]. Kraemer et al. [20] attached a system of TEG on
the lower surface of a flat-panel absorber configuration. The author suggested another method of
producing electricity from solar heat. The reported efficiency of the system is about 4.6%. Li et al. [21]
proposed the development of a prototype solar thermoelectric generator that concentrates solar heat.
The system consisted of a solar collector to gather the sun’s heat and directed it towards the heat
collector in the middle. Inside the heat collector, the TEG was installed attached to the hot side and
the cold plate from another side. The results show that the highest possible efficiency of the system was
14.1% [21]. The performance of a solar thermoelectric generator under real operating conditions was
numerically analyzed to investigate how to input energy impacts its functionality by Xiao et al. [22].
Amatya et al. [23] showed that the design of a solar thermoelectric generator (STG) that utilizes
parabolic concentrators is proposed as an economical option for generating small amounts of power,
in place of solar photovoltaics with a system efficiency of 3.0%. Baranowski et al. [24] reported 15.9%
overall efficiency of the system of TEGs heat from the sun irradiance.
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The walls of buildings are an excellent heat source to operate TEG, where it receives heat from
artificial lights, sunlight, and cooking devices [25]. However, human body activities can generate about
(0.5 to 5.0) mW, which is enough to recharge a small battery [26], where the heat of human stress is
considered a heat source. At the same time, the surrounding air is regarded as a cold source [26,27].

Many air-conditioning (A/C) units are utilized daily in state institutions, facilities and residential
complexes in Malaysia, where the tropical climate involves hot and wet weather with 21°C to 32°C
of ambient temperature [28,29]. In Malaysia, the ambient temperature increases by (5°C to 7°C) due
to heat emissions from vehicle engines, furnaces, and A/C units. The Filter Drier Receiver (FDR) of
A/C units generates a substantial amount of lost heat in the surroundings due to the high demand for
household refrigerator-freezers in Malaysia [30]. Moreover, from the previous studies, the FDR was
not considered to generate electrical power from its heat waste. Therefore, the current study introduces
an experimental test for a system consisting of a TEG circuit to generate electricity by recovering heat
from an A/C unite drier and a suggestion of a novel electrical circuit to charge a battery with high
power efficiency. Also, a study of the climate change effect on system operation is performed.

2 System Description
2.1 Thermoelectric Power Generator (TEG)

Thermoelectric power generator (TEG) consists of two types of semiconductor material, such as
Bismuth Telluride (Bi2Te3), that directly transfers heat energy into electric energy [31]. Two materials
that form the TEG are connected in parallel as a thermal connection; on the other hand, it is connected
electrically in series. Two ceramic plates covered the materials n and p-type [2,32]. At closed circuits,
the difference in temperature (�T) at two sides of TEG leads to TEG’s effect, as shown in Fig. 1. It is
recommended to use TEG due to its features, where they can operate in a steady state, safe and silent
for more than 100,000 h, with less maintenance requirement due to no mechanical moving parts can
function in a higher temperature level [31,33,34].

Figure 1: Thermoelectric device Seebeck effect [2]

2.2 Installing the Heat Recovery System
Before installing the system, a measurement for the surface temperature of the Filter Drier

Receiver (FDR) was made and it ranged from 32°C to 85°C for an extended period during the
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day. Eighteen pieces of TEGs are placed between the filter drier receiver of the A/C unit (30 and
15 cm as a high and diameter, respectively) which can be seen in Fig. 2a and the aluminum structure.
The aluminum structure was designed and fabricated with 18 sliding channels to fix the TEGs. The
aluminum structure is equipped with two belts to tightly, as shown in Fig. 2b. TEGs were installed in
the aluminum structure’s sliding channel, and on the other side of the structure, a 3.0 mm thickness
heat sink was installed to increase the heat transfer process.

Figure 2: (a) Sketch of the filter drier receiver of the A/C unit with TEG installed, (b) Aluminum frame
with 18 TEG

Due to the cylindrical shape of the FDR, a small size of TEG was used to facilitate installation.
To match the temperature range of FDR, the TEGs type SP1848 27154 SA in Fig. 3 was used,
which consists of Bismuth Telluride material (Bi2 Te3) [35]. The specification of the employed TEG
is presented in Table 1. This type of TEG has 5% to 10% as a range of conversion efficiency [36], and
the figure of merit is approximately equal to �1.0, which is the criteria of TEG efficiency. The (Bi2 Te3)

is more efficient than other semiconductor material like (PbTe) and (SlGe) [31]. Aluminum flat plate
heat sink (76 mm × 105 mm × 44 mm) was used in cold side of TEG to provide the temperature gap,
which can be seen in Fig. 4.

40 mm

40 mm

Figure 3: SP1848 27154 SA thermoelectric generator
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Table 1: Thermoelectric generator TEG specifications

Material Ceramic-Bismuth Telluride

Temperature: 150°C
Open circuit voltage |(OCV): 4.8 V
Current (mAmp): 20/0.97/225;

40/1.8/368;
60/2.4/469;
80/3.6/559;
100/4.8/669

Weight: 25 g/0.89 oz
Size: 4 cm ∗ 4 cm ∗ 0.4 cm (L ∗ W ∗ H)

Figure 4: Schematic diagram for the TEG unit installation

The waste heat recovery system was installed on (22 HP) A/C, as shown in Fig. 5. TEGs are
arranged in three lines with no air gap to guarantee a high heat transfer rate. Thermal paste was added;
however, due to the vibration of the whole unit, the paste was damaged, causing an air gap; therefore,
it was removed from the system. The system was connected to an electrical circuit consisting of a boost
converter to reduce power loss and make it more stable. The refrigerant with high pressure/temperature
liquid was collected from four 5.5 HP compressors in the filter dryer to absorb moisture. Several
thermocouples were attached to the FDR to measure its surface temperature, mainly over the drier
surface and the heat sink.

To produce the max power possible for charging the batteries, the voltage should be increased by
more than 4.0 V by connecting the TEG in series. Moreover, the current needs to be raised as possible
by connecting TEGs in parallel to avoid delay in charging. Considering TEG that was used in the study,
it produces 0.97 V and 225 mA with geometrical characteristics of 40, 40, 4.3 mm, respectively [37].
Therefore, the 18-TEGs were installed in 3 lines, each line equipped with 6-TEGs that are connected
in series to raise product voltage; then 3 lines were installed in parallel to raise the output current as
shown in Fig. 2.
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Electrical 

Circuit
FDR

Compressor

Data Logger 1

Data Logger 2

Anemometer

Heat recovery system

Figure 5: Harvesting system with the electrical circuit and accessories devices

One of the figured issues is the instability of the voltage with the operation of the A/C unit, which
could be solved by designing a novel electrical charging circuit. The circuit consists of one current
gauge, three voltage gauges, several electric resistances, diodes, two convertors, four manual switches,
and one auto-switch. The switches are used to control the electrical circuit. 9 V batteries, as shown in
Fig. 6, were used to operate the gauges as these will not be needed for the practical use of the system.
The charging voltage rises in two stages, stage 1 from 0.9 to 5.0 V using (DC-DC Convertor USB
Module 600 Ma) and stage 2 from 3.5 to 12 V using (GERI XL6009DC-DC Converter 3.0–32 V to
5.0–35). The schematic in Fig. 7 represents the electrical circuit that is sketched by the express SCH
computer program. An EXIT emergency sign represented by 4 LEDs was used to be illuminated using
the delivered power as shown in Fig. 8.

3 Case Study

An external load is needed to employ the produced power and measure the system’s efficiency.
Therefore, an EXIT emergency sign was used to be illuminated using the delivered power. The original
AC bulbs of the illuminated exit sign were replaced with 4-LED (DC and 12 V), as shown in Fig. 8. The
sign was equipped with a 3.5 V battery, which receives charge from DC-current generated from TEGs.
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Figure 6: Electric circuit contents

Figure 7: Schematic diagram of the electrical circuit



EE, 2023, vol.120, no.8 1737

Figure 8: Four LED inside (EXIT) sign

4 Theoretical Efficiency Calculation

In addition to the experimental measurement of the system’s efficiency, a theoretical method was
also considered in the paper. Assumptions have been made in the analysis of TEG, where the thermal
flow through TEG will be considered a steady state. The thermal conductivity in the (p, n) unit is
constant. Because the thermal resistance of TEG material is too small, the study will ignore it. Also,
ignore the resistance of the connections to heat transfer, heat radiation, the gas between gaps, and
axial heat conduction and will consider only perpendicular flow direction [32]. Two ways can be used
to estimate efficiency and evaluate the performance of TEG. Firstly, utilized equations of Figure of
Merit (FOM); secondly, using equations of heat flow through TEG.

4.1 Figure of Merit Method (FOM)
The Figure of Merit (FOM) (Z) is presented in Eq. (1) and dimensionless Figure of Merit (ZT) in

Eq. (3) [9]. These equations are applied to evaluate the efficiency of both TEG and the material that
forms it, where the significant value of (Z) or (ZT) represents the super performance efficiency of TEG
[4,9].

Z = σS2

k

(
1
K

)
(1)

where:

σS2 = Power Factor (2)

And

ZT = σ .S2.T
k

(3)

where:

T = Th + Tc

k
(4)

Other criteria for Seebeck performance are the Seebeck effect coefficient (S) (thermo-powers),
where the perfect TEG effect is coupled with a high Seebeck coefficient [4,9,35].

S = ΔV
ΔT

= V2 − V1

Th − Tc

(5)



1738 EE, 2023, vol.120, no.8

The link between FOM and the maximum efficiency of TEG is [4,35,38,39]

ηmax = (Th − Tc)
√

1 + ZT − 1

Th

√
1 + ZT + Tc

Th

(6)

The Seebeck coefficient S = 220 (μV/◦K), electric conductivity σ = 105 (s/m), thermal conduc-
tivity k = 1.5 (W/m.K), power factor σS2 = 48

(
μW/cm.K2

)
, Figure of Merit Z = 3.2 × 10−3 (1/K)

and dimensionless Figure of Merit ZT = 1 represent the specifications of Bi2Te3 material inside TEG
[37,40].

4.2 Heat Transfer Through TEG
The waste heat travelled from the FDR cylinder of A/C to the TEG pieces and then to the

surrounding through the heat sink. Part of the heat that reaches TEG will convert to electrical energy,
and the other part is expelled either as a heat loss from the thin sides of TEG or rejected to the
surrounding through the heat sink. The energy balance in TEG will be [35]

QFDR = Pelectric + Qloss + Qsink (7)

Then the TEG output power may be written as [9,35]

Pelectric = PTEG = VTEG × I load (8)

Or

PTEG = Rex × I 2
load (9)

Also, the resistance of the external load (Rex) can be computed as

Rex = VTEG

I load

(10)

The theorem of the Maximum Power Transfer presented that in a DC network with a finite internal
resistance, the load resistance must match the source resistance in order to produce the maximum
amount of external power [35]. Therefore, the internal resistance of TEG (Rin) has been chosen equal
to the external resistance of the load to achieve the highest power transmitted to the load [35], thus

Rex = Rin (11)

Thermal conductivity (k) of the Seebeck effect can be computed via utilized net heat transfer from
the cold side of TEG; thus, thermal conductivity per meter (k) in unit (W/K) can be written [35]

k = Qin − Qsink − Qloss

ΔT
(12)

Generally, the conversion efficiency of TEG can be calculated by comparing the energy supplied
to the load to the thermal energy subjected at the hot junction [4,35,41]

η = Electric energy delivered to the load
Heat energy absorbed at the hot junction

Or

η = Pout

Pin

(13)



EE, 2023, vol.120, no.8 1739

Then

η = PTEG

Qin − Qloss

(14)

To compute the heat transfer to the surrounding through the fins of the heat sink, Newton’s law
of cooling where explains the phenomena of convection heat transfer in terms of Ts as a temperature
of surface heat transfer, and the environment temperature T∞ [42]. The coefficient of transfer heat (h)
was assumed to be 180 W/m2/K for the cylindrical geometry case [42].

Qconv. = hAs(Ts − T∞) (15)

5 Results and Discussion

The effectiveness of the suggested module relies on the variation in temperature between the two
surfaces of the TEG. One of the main variables affecting the TEG’s performance is the climate. The
three main climate conditions were air velocity, ambient temperature (Tamb), and relative humidity.
Firstly, a measurement for these parameters was made over 40 min period. The results showed a change
in the relative humidity (RH) and temperature with a rate of 6.0% in RH and ∓1.0°C in the temperature
during 40 min in the unstable climate of Malaysia, which can be seen in Fig. 9. Also, it was noted a rise
in RH value despite the slight increase in temperature. The combined impact of the various weather
conditions is also presented. The impact of RH and the ambient temperature on the air velocity is
presented in Figs. 10 and 11. It can be seen that the change in wind velocity does not affect the air
temperature or humidity. However, the difference in the air velocity was relatively significant when
in comparison with the alteration in temperature and humidity, where the air velocity changes from
(0.15–0.82) m/s.

Figure 9: Variation of the ambient temperature and relative humidity (RH) with the time

From the above, it can be concluded that it is difficult to study all climate variables and their impact
on power generation using TEG at once. Each parameter should be examined separately, as supported
by [43,44]. Therefore, four days with different climatic characteristics, namely, (a cold-humid-windy
day, a cold-humid day, a hot-humid day, and the last hot-humid-windy) were chosen for this study.

Initially, the effect of the different climate variables on the surface temperature of the FDR was
investigated. It was noted that the measured surface temperature of the FDR equals 61.5°C, 61.6°C,
62.4°C and 62.2°C for a cold-humid-windy day, a cold-humid day, a hot-humid day, and a hot-humid-
windy, respectively (Fig. 12). It should be mentioned that this difference in the temperature of the
FDR surface could be regarded to the change in the AC unit operation. The impact of this difference
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in the surface temperature of the FDR on the produced voltage is insignificant. However, since the
production of the power in the TEG alters with the temperature difference between its two faces, the
effect of the climate on its performance is also important. It was noticed that for the cold-humid-windy
climate, the system generates voltages higher than the rest of the suggested weather conditions with
5.2 V–0.15 Amp-when RH is 82%-and wind speed is 0.2 m/s, as shown in Fig. 13. It can be attributed
to the combined climate characteristics which increase the heat transfer by a heat sink, which provides
a temperature alteration between the two sides of the TEG and increases the production of power.
Moreover, the results showed that there is stability in the cold side temperature of the TEG system in
most of the operating times in one day in comparison with the temperature on the side that is hot of
the system, as shown in Fig. 12.

Figure 10: Variation of the air velocity and relative humidity with ambient temperature

Figure 11: Variation of the ambient temperature and air velocity with the time

Figure 12: Temperature variation of the cold side, hot side, and ambient temperature in one day
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Figure 13: Open-circuit-voltage (OCV) variation for four days with different climate specifications

Fig. 13 shows all the various climatic conditions; the generated voltage starts small and then
increases to stabilize after about 30 min of operation. This means that there is a need for more cooling
of the cold side to raise the temperature difference and thus increase the voltage significantly since
the temperature of the hot side cannot be increased because the heat source is constant. According to
previous studies, the increase in wind speed increases the heat transfer in the heat sink, which leads to
a rise in voltage production. This is evident in Fig. 11. Still, its effect appears negligible. The reason
may be a result of the system not being directly exposed to the air.

The data obtained from the TEG system operation indicated that there were variations in the
open and closed-circuit voltage values. This was attributed to the fact that the voltage output of the
TEG is influenced by the variance in the temperature between its hot and cold faces. It also was noted
that the open circuit voltage (OCV) starts small and increases over time until it stabilizes after about
30 min of operation, while the CCV starts with a high value and begins to decrease and then stability
as shown in Fig. 14. The reason for this decrease in the value of the close circuit voltage is the stability
in the process of cooling the system at the same time, where the load of the system increases. It is worth
mentioning that the measuring of the load voltage was performed at a different time than the open
circuit one.

Figure 14: Change of voltage in open circuits for one day with air velocity

As summarized that there is voltage instability with time and climate variation. Therefore, after
electrical transformers, the stabilized value of the generated voltage, as well as raising the voltage to
larger values, which is shown in Fig. 15. Finally, after operating the system under optimum properties
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of weather (cold-humid-windy day), the tests show 5.16 V and 0.15 Amp as a maximum value obtained
at a close circuit system with a noticeable increase in the output power, which can be seen in Fig. 16.
These values are acceptable for charging one battery with 3.5 V, where the battery voltage increase
0.1 V/20 min charging.

Figure 15: Variation of charging voltage with time

Figure 16: Variation of output power progress with temperature difference

In the current system, the theoretical value of the system’s power and efficiency can be computed
by Eqs. (6) and (8), whereas the experimental efficiency is calculated using Eq. (13). The experimental
result showed that the system produces maximum efficiency of ≈ 13.5% and a theoretical one of 15%
after a 13 min run, which is shown in Fig. 17. A clear fluctuation in the efficiency value with time was
absorbed due to unstable weather conditions. In general, the theoretical and experimental findings are
in reasonable accordance, with the highest difference between them being 6.4% occurring following a
40-min run. It can be seen that the theoretical efficiency is higher than the experimental one, this can be
attributed to the ideal value of the ZT term in the theoretical efficiency calculation. On another hand,
for experimental efficiency, various factors that can affect its value such as the unstable wind speed,
temperature fluctuation and gap in the contact region between the TEG with the surface of the FDR.
Samples of the evaluated and calculated data that were used to estimate the efficiency are presented in
Table 2. This data covered 10 min of one selected measuring period of a cold-humid-windy day.

The evaluation of the illuminated EXIT sign performance after attaching it to the proposed system
showed better performance. A light meter was used to measure the light intensity of the illuminated
exit sign; the practical test gives 194.3 LUX of 12V-LED, whereas the original ac bulbs recorded
140.5 LUX.
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Figure 17: Comparison between theoretical and experimental system efficiency

Table 2: Sample of the measured and the calculated data

Time
(min)

ΔT (°C) I
(Amp)

Charge
voltage
(V)

Circuit
power
(W)

OCV
(V)

CCV
(V)

Theo.
η (%)

Exp.
η (%)

QFDR (W)

25 32.0 0.12 3.6 0.1212 4.88 1.01 14.56 14.02 4250.88
26 30.7 0.12 3.6 0.12 4.9 1.00 14.26 13.78 4250.88
27 29.5 0.12 3.6 0.12 4.8 1.00 13.97 13.27 4250.88
28 29.6 0.13 3.6 0.1313 4.9 1.01 13.99 13.68 4250.88
29 30.4 0.15 3.6 0.1875 5.15 1.25 14.19 13.67 4250.88
30 29.2 0.15 3.6 0.189 5.20 1.26 13.67 13.24 4769.28
31 32.0 0.12 3.6 0.1224 5.15 1.02 14.34 13.95 4821.12
32 33.6 0.13 3.6 0.1339 5.13 1.03 14.92 13.46 4302.72
33 31.9 0.13 3.6 0.1339 5.18 1.03 14.32 13.89 4821.12
34 33.3 0.13 3.6 0.1339 5.12 1.03 14.86 14.21 4302.72

The new power generating system contributes to the environment in various ways, such as saving
time required for replacing of battery and saving maintenance cost, increase battery life span, which
impacts device life span essentially in devices that are difficult or impossible to exchange batteries,
reduces the overall size of some electronic devices and utilize from waste energy.

6 Conclusion

The paper intends to convert the waste heat rejected from the filter drier receiver (FDR) of an
air conditioning unit into useful energy by utilizing a thermoelectric generator (TEG) based on the
Seebeck effect. The power generating system was designed to incorporate a low-power battery for
rechargeability. Additionally, a novel electrical circuit was developed to address the voltage fluctu-
ations generated by the TEG. The results showed good agreement between the experimental system
efficiency and the theoretical efficiency, with a maximum deviation of error of ±6%. The experimental
efficiency was found to be 13%, while the theoretical efficiency was 15%. The maximum values
obtained from a closed-circuit system were 5.16 V and 0.15 A, leading to a noticeable improvement in
the output power. These values are sufficient for charging a single battery with 3.5 V, which increases
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by 0.1 V per 20 min of charging. If expanded to include additional air conditioning units in buildings,
this system holds great promise.
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