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The continuing rise in the cost of fossil fuels, as well as their detrimental
environmental impact, has compelled researchers to look within for an alternate
energy source, this brings about NetZero emissions. NetZero emissions can be
attained by eliminating/minimizing greenhouse gas emissions (GHG) from the
atmosphere from human activities. This paper presents the Simulation of
Thermoelectric Generators Potentials for NetZero Energy Generation.
Thermoelectric generators (TEG) are bi-directional devices used as coolant and
energy generators. TEG have a wide application range. The simulation technique
is one of the best options to evaluate thermoelectric generators' potential for
NetZero energy generation. The TEG was designed using ANSYS software and
the electrical energy was evaluated. The results indicate that the TEG can
convert excess heat to electrical energy whenever there is a temperature gradient
across the hot side and the cold side of TEG. The simulation further shows that

one TEG unit can generate 1.5800 x 10~ Watts.
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1. Introduction

One of the big problems facing humanity soon is the
increase in greenhouse emissions and minimizing its impact
on the environment [1, 2]. At the same time, energy needs
are rising daily [3 - 5]. The recovery of lost thermal Energy
for conversion to electricity is a significant challenge for
researchers and the industry [5]. TEGs will contribute to this
initiative. As a growing, environmentally friendly source of
ambient energy harvesting primarily through waste heat via
temperature gradients, a thermoelectric generator may be
the prospect of meeting energy challenges in the coming
generation [6]. A solid-state system is referred to as a
thermo-electric generator using the See beck effect to
generate electricity. Thomas Johann See beck first detected
thermo-electric phenomena in 1821. He observed the
compass magnet's deflection whenever there is a
temperature gradient between two dissimilar materials'
junctions [7]. Indeed, such deflection is the electrical current
output caused by the closed loop described by the Ampere
law [8]. The closed circuit's driving current is the potential
difference between hot and cold junctions for the generation
of temperature gradients called the "See beck effect." The
potential difference has a direct correlation with the
temperature difference [9]. An intrinsic thermoelectric
material property expressed in equation 1 is the See beck
coefficient

a=2 (1)

T ar

where AV, AT and a are the voltage produced, the
temperature gradient and the See beck coefficient in the
system [10]. This paper, therefore, presents the simulation
of TEG for NetZero energy generation using Ansys
simulation software.

2. Thermoelectric Generator

Thermoelectric generators as power generation are
divided into two groups, namely, high power generation and
low power generation [11, 12]. TEG development for low
power is investigated through an environmentally friendly
and cost-effective method known as direct ink [13]. The
TEGs were produced on a glass substrate, the most popular
insulator used in houses, and windows of two different sizes
were made of poly (3, 4- ethylene dioxythiophene)
polystyrene sulfonate (PEDOT: PSS) ink and silver ink
materials. For TEGs with varying lengths of 30 and 40 mm
at a temperature difference of 120 °C, the results indicate a
maximum power of 5.17 £ 0.5 nW and 4.08 £ 0.5 nW.
According to Krishna Kumar, et al. [14], TEG can generate
power from 5 yW to 1 W with low power generation, while
high power generation is considered 1 W and above. TEG
is utilised as a low-power generator in biomedical, remote,
and aeronautical applications [15]. Electronic devices
integrated into other bodies using TEG technology for power
production are classified under mobile communications.
These comprise smartphones, iPods, tablets and media
players. Simultaneously, others used them in the medical
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sector, including hearing aids and heart pacemakers.
Electronics devices incorporated in other objects have
power specifications of 5 yW to 1 W [16]. Marchenko [17]
presented the development and optimization of a low-
temperature difference thermoelectric power harvester for
the wireless sensor nodes on water pipelines. The
thermoelectric harvester modelling, design, optimization,
integration and experimental analysis to replace a 20 Ah
battery for a wireless water quality sensor located on a water
pipe was done by [18] using MATLAB software. The results
indicate that the thermoelectric harvester generates more
than 0.5-2 mW at a temperature gradient of around 1-2 K at
a wind speed of about 1 m/s between the pipe surface and
the ambient air.

2.1 Application of Thermoelectric Generator
In a wide range of applications, TEG is used in areas
like wireless sensor networks [18, 19] micropower

generation [20], space power [21] automotive waste heat
recovery [21, 22]. Also, it can be used in wearable sensors
[23-26]. A thermoelectric device is used as a means of
cooling electronics equipment [27], and also in refrigerators
and air conditioning systems. Specific applications for
aeronautics, military, medicine, instruments, biological
weapon, and other industrial products [28] and buildings
[29].

2.2 Fundamental Equations for

Thermoelectric Energy Conversion

Figure 1 presents the schematic diagram of the
thermoelectric generator system. The system consists of a
TEG hot side attached to the shingle's backside and a
heatsink placed at the cold side of the TEG. Figure 2 shows
its equivalent circuit diagram with a load resistance R
connected across the terminal.

> SolarIrradiance

Shingle

Hot Side Tempt. T,

Ul P —>Thermoelectric Generators

old Side Tempt. T,

Heat Sink

Figure 1. Schematic Diagram of Thermoelectric Generator System [30]

TEG

Figure 2. Equivalent Thermoelectric Generator Circuit

The voltage V through the load resistance R is in
equation 2

Ve = IR 2)

Where: Ry and |, are the internal resistance of the
TEG and the current through the resistance. The current (1)
is obtained as in equation 3

_ a(Th—Tc) (3)
T R+R,

Equations 4 and 5 shows the TEG output power
2
P=1V=—-"—"AT?Ryg; 4)

(RTEG*R2)
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P=0Q,—-0Q (5)

Where P is the difference between the thermal Energy
from the hot side to the cold side of the TEG [37]

Qn = aTyl + K(T, — T,) =5 I*R 6)
Q. =aT.l+K(T, —T.) —%IZR (7)

Where @y, Q,, T, and T, are the thermal Energy of
the TEG hot side and cold side to the heat sink, hot side and
cold side temperature of the TEG [30].

Equations 8 to 13 give the Polynomial representations
for temperature-dependent properties of air and copper and
temperature-dependent for the thermoelectric
characteristics of n-type and p-type

K, = 0.0000334545T2 — 0.023350303T +

5.606333 ®)
pn = (0.015601732T% — 15.708052T +
4466.38095)e? 9)
a, = (0.001530736T2 — 1.08058874T —
28.338095e ¢ (10)

Where Kn, pn and an from equations 8 to 10 are the
thermal conductivity, electrical resistivity and See beck
coefficient of the n-type semiconductor material of the TEG
[31].

K, = 0.0000361558T2 — 0.026351342T +

6.22162 (11)
p, = 0.01057143T2 — 10.16048T +
3113.71429). e? (12)
a, = (—0.003638095T2 + 2.74380952T —
296.214286).e7° (13)

Where K, pp and ap from equations 11 to 13 are the
thermal conductivity, electrical resistivity and See beck
coefficient of p-type semiconductor material of the TEG [31].

3. Methodology
The TEG performance was evaluated using ANSYS
simulation software. The software was used for the
electromagnetic, thermal, and thermoelectric thermal
analysis. The TEG steady-state evaluation, which enables
the system's geometric modelling and several simulations
inside the TEG module, including current density,
temperature distribution, electric voltage, and heat flow, was
carried out via ANSYS Workbench. The simulation involves
three fundamental processes that consist of the following
phases: Pre-processing, Solving and Post-processing. The
Pre-processing phase consists of five stages [31]:
1. Modelling of the 3D using the ANSYS Modeler to
construct the model geometry (Figure 3)
2. Selecting the Thermal-electric for TEG modelling
3. Inputting of the TEG engineering data
4.  The building of a solid-state model that allows field
temperature evaluation
5. Generation of the net finite element by ANSYS
Meshing (Figure 4)

Based on direct TEG measurements, the engineering
data from the experimental findings and the datasheet, and
the contact and ceramic substrates' parameters from the
ANSYS library. The 3D model was developed, and the
thermal boundary conditions were kept constant on the
substrates Th and Te.

Figure 3 is the graphical presentation of the
thermoelectric generator with two terminals. The entire
structure is created by copper alloy and a p-type portion with
thermal conductivity, isotropic resistance and See beck
coefficient based on equations 8 to 13. The thermal-to-
electrical power conversion efficiency of the TEG material is
scientifically dependent on the following crucial materials
properties: the See beck coefficient, the electrical
conductivity and thermal conductivity, which are expressed
collectively in terms of a dimensionless figure-of-merit [32].

=

Figure 3. Thermoelectric Generator 3D Model

Figure 4 shows the meshing of the developed TEG at
ANSYS. Via mesh, the entire body is divided into a number
of parts to distribute the load evenly if any load is applied

and automatically selects the necessary mesh in ANSYS for
efficiently carrying out the built system's simulation.
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Figure 4. The Fini{'e eIemenrmodeI of the TEG

Figure 5 illustrates the various inputted boundary
conditions. The conditions are the shingle hot side
temperature as 42 °C, TEG hot side temperature as 41.5 0

C, TEG cold side temperature as 39.5 °C and the low
potentials been 0V.

(a) Shingle Temperature

(c) Hot Side Temperature|

(b) Cold Side Temperature

(d) Low Voltage

Figure 5. Inputted Boundary Conditions, (a) the Shingle Temperature, (b) Cold and (c) Hot Side Temperature, (d) Low Voltage

4. Result and Discussions

This section discussed the results of the ANSYS
simulation of the thermoelectric generator. The results are
displayed in shown in the screenshot from the software
interface.

4.1 Results of ANYSY Simulation

For the TEG performance, this section presents the
research results of the ANSYS simulation. Figure 6 shows
the temperature profile of the TEG module. The red and blue
colour areas indicate higher temperatures and lower
temperatures, respectively. As a result, the hot junction has

a higher temperature, and the cold side junction has a lower
temperature [33]. The maximum temperature is 27.575 °C,
while the minimum temperature is 26.109 °C.

The current density across the entire TEG unit is
shown in Figure 7, and a minimum current density of 3.076
A/m2, with a maximum density of 1730 A/m2. Essentially, the
electron flows from the n-type to the p-type element. As the
temperature gradient changes between hot and cold
junctions, the current density also significantly changed.

Figure 8 depict the voltage across TEG, which is as a
result of the temperature gradient between the hot and cold
side of the TEG.
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Figure 6. The temperature profile of the designed TEG
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Figure 7. Current Density of the designed TEG
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Figure 8. The voltage of the designed TEG

4.2 Temperature and the Power Output extensively. Figure 9 depicts the hot and cold junction
Figures 9 to 13 below illustrated the TEG temperature temperature Profile of the TEG variation for Aprll 2020, for

prof”e and the output power via the Ansys simulation. The the hot Side, the temperature varies with an increase in the

results also discussed the effect of the TEG load resistance solar irradiance.
42 | oo b o_r_ S vt —il— T 2mn perature of e Hotskde
': : T ! T | ——Temperatune of the Colskde

TEMPERATURE | Degree Ceksius)

24 L

: . . . : H :
2:20 6:40 10:00 13:20 16:40 20:00 23:20
TIME {Hour

www.sajsetjournal.com.ng Page 83



http://www.sajsetjournal.com.ng/

Saleh, et al: NetZero Energy Potentials of Thermoelectric Generators

Figure 9 the variation of the hot side temperature and the cold side temperature of the TEG

At midnight the temperature was observed to be
27.745 °C it maintained the same pattern till around 8 am
where it started going up with an increase in the sunshine.
The result also shows a maximum temperature of 41.15 °C
at around 1 pm, which resulted from high solar irradiance.
The hot side is attached directly to the shingle. As the solar
irradiance drop, the temperature also dropped. For the cold
side, the temperature also fluctuates with the increase in the
irradiance but a heatsink attached to the cold side provide
cooling for the cold side to achieve a high-temperature
difference between the hot and cold side.

b

Figure 10 illustrates the AT of the TEG for April. The
variation was at three intervals in the day-night, morning and
afternoon. During the night time, 2:10 am to 9:30 am; the
system achieved a temperature difference of 0.01309 <C to
0.9210 °C. During the morning from 9:40 am to 5:30 pm a
temperature difference of 0.9210 -C to 1.344 -C was
reached and during the afternoon between 5:30 pm to 12
am, the system achieves a temperature difference of 1.344
°C t0 0.0202 -C respectively. A maximum delta T of 4.043
°C was achieved at 11:50 am.
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Figure 10. TEG Temperature difference (AT)

4.3 Results of Voltage

Figure 11 shows the voltage variations with an
increase in the temperature over hourly for a 24hours time
interval. The voltage measurement range was classified into
three times during the night, morning, and evening time for
the TEG temperature changes for the See beck coefficient.
At night, the minimum voltage occurred when delta T is less

than one (0.13°C) was midnight (2.2660 x 10 V), at
precisely 06:50 in the morning when delta T was (0.28°C)
the TEG produced a maximum voltage of 1.77 x 102 V.
During the day at 12:10 with delta T greater than one
(4.39C), the TEG has a maximum voltage of (1.3673 x 10-
V) it maintains that pattern till around 17:40 the voltage
changes to be (1.3176 x 10-V) and the delta was (0.69 °C)
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Figure 11. Output Power of TEGs

4.4 Results of Power

Figure 12 depicts the variation was divided into three
times in a day as night, morning and afternoon of April 2020.
During the night, the results show an output power of 4.2936
x 109 W t0 2.4532 x 106 W at 12:10 am to 9:30 am. During
the morning from 9:40 am to 5:30 pm, an output power of

8.5685 x 107> W to 1.5800 x 10 W was reached and during
the afternoon between 5:30 pm to 12 am, the result shows
an output power of 9.1892 x 109 W to 1.3545x 106 W were
achieved, respectively. Maximum power output was
obtained at 11:50 am.
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Figure 12. Output Power of TEGs.

Figure 13 shows the variation of the output power to
the load. Based on the graph, the optimal power occurred at

is equal to the number of p and n-type semiconductor legs,
equivalent to the internal electrical resistance.

a load of 3 ohms. The results show that the load resistance
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—m— Simulated Power

i 1 i I

-20 O

80 100 120 14
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Figure 13: Variation of the TEG Simulated Output Power and the Load Resistance R2

5. Conclusion

The simulation results have shown a practical
approach to TEG physics research. In particular, it allows
the efficient use of TEG as a cooling device and ambient
energy generator. It will also play a significant role in hybrid
system formation with photovoltaic panels for improved
energy generation and increased lifespan. It will lead to the
TEGs in large-scale production to the end-user in terms of
power and temperatures at the specified load resistance.
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