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Abstract: People dissipate energy constantly, from their heartbeat to their footsteps. However,
scientists are developing a technique for capturing power from human beings and converting it
electricity that can power electronic medical devices or other devices that need low voltage. Energy
harvesting and bioelectronics researchers are currently exploring this form of energy recycling.
Mechanical, chemical, and thermal energy are the three primary forms of energy in the human body.
This paper focuses on thermal energy sources only, showing that the energy harvested from a person’s
head can be used to power a headlamp. A total of seven thermoelectric generators (TEGs) were used,
each comprising thirty-five thermocouples. An output voltage of 1.5 volts was obtained from the
TEG systems. In addition, an electrical circuit was designed to convert the obtained TEG voltage into
another voltage suitable for the headlamp model.
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1. Introduction

Throughout human history, energy has been the cornerstone of civilization. Energy
demand is increasing at the same time as existing energy resources are depleting, which
makes the world’s energy problem a serious one. As a result of the excessive use of fossil
fuels, environmental pollution is also increasing. In order futurize our energy sector, it is
imperative that we develop sustainable and eco-friendly sources of energy.

Human society’s development has been greatly facilitated by the invention and de-
tection of novel energy sources. In recent years, scientists have been working on utilizing
clean and sustainable energies such as wind power [1,2]. Over the past few years, solar
energy has also gained a lot of traction [3-5]. Besides renewable energy sources, human
body energy has lately proven to be a latent source of clean energy for the future [6-8].
In addition, many studies have worked to connect renewable energy with thermoelectric
generators (TEGs) [9,10]. Our bodies naturally convert energy after consuming food, which
is absorbed into the body. Keeping a stable body temperature requires a great amount of
thermal energy each day. Heat exchange between our bodies and the ambient air dissipates
most of our thermal energy, while the rest is dissipated by breathing or sweating. Chemical
energy flows through the body when food is digested and absorbed into the bloodstream.
It is important to note that mechanical energy flow occurs when we lift our limbs, take
steps, raise our arms, and tap and knock other objects. During breathing, heartbeats, and
even contractions and relaxations of blood vessels, energy is consumed and released. The
transmission of mechanical energy is mainly based on muscle contractions and relaxations
in equivalent parts of the human body. To evaluate their potential as personal energy
sources, scientists have hypothetically projected the different power energy flows through
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transmission [11]. However, the human body must collect and convert less energy than it
consumes in order to avoid potential negative effects on the body.

An energy conversion circuit based on the difference between ambient temperature
and human heat is presented in the current research in order to identify energy levels
suitable for electrical applications, which are represented by a headlamp, for which a TEG
model was created for harvesting energy from the body. The present work is separated
into five sections as follows. After the introduction section in the first part of the study (I),
thermoelectric generators (TEGs) and their structure, design equations, and characteristic
curves are presented in the section (II). The step-up circuit presented by boost converter is
given in section (III). Section (IV) is divided into two parts. In one of them, TEG modelling
is carried out by ANSS SIMULINK; in the second, MATLAB Simulink is used as a boost
converter. The results are explained and discussed at the end of same section. Finally,
section (V) presents the overall study conclusions.

2. Energy Efficiency and Applied Thermodynamics

Thermal power can be converted immediately into electricity using TEGs, which
are based on the thermoelectric effect [12]. In this paper, the thermoelectric generator
effect is referred to as the Seebeck effect. Carriers diffuse from the warm to the cold
end, causing the Seebeck effect. A metal conductor and a semiconductor can both yield
the Seebeck effect; however, the Seebeck effect is abundantly smaller in metals than in
semiconductors due to the fact that the carrier concentration and Fermi level of metals is
temperature-insensitive [13]. TEGs generate direct current power by connecting groups
of semiconductor thermocouples in parallel or in series. There are two types of semicon-
ductors in each thermocouple, as shown in Figure 1: n-type semiconductors and p-type
semiconductors [14]. Both of them are related to the heat source at the junction end, and
by using wires, the non-joint ends are linked to the heat sink. A p-type semiconductor
accumulates positive charges at its cold end due to temperature variance between its
warm and cold ends, whereas negative charges accumulate at the cold part of the n-type
semiconductor, resulting in a potential difference between them [15].
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Figure 1. Principle of thermoelectric power generation.

The properties of the TEG used in this paper are resistivity, thermal conductivity,
and a Seebeck coefficient (which is given for p-type components) of 8.8-107% [(). m],
1.55 [W m~! K~1], and 0.0002 [V K], respectively. For the n-type, these are 1-107° [Q). m],
1.605 [W m~—1 K~1], and —0.0002 [V K~]. Moreover, the thermal conductivity and resistiv-
ity of the solder layers are 390 [W m~! K] and 1.68-10~8 [Q). m], respectively.

The harmonization of the heat transfer equation with the density continuity equation,
which governs the behavior of TEG materials, is given in the following equation [16,17]:

oT
pcg—i-v.q” =qQ, (1)
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where p is the density [kg m 3], and c is the capacity [J kg~! K~!].
The Joule energy Q’ is given by

Q/ = ]E/ (2)

where ] is the electric current flux [A m~2], and E is the field of electricity [V m1].
However, the heat flux can be expressed as follows:

qg' = —-KVT+P], 3)
where the Peltier coefficient (P’) is given as
P'=ST, 4)

where S is a Seebeck coefficient [V K~!], and T represents the temperature in Kelvin.
Moreover, the electric current flux is given as

J]=—-0VV —-0SVT, 5)

where ¢ is the electrical conductivity [S m], and V represents an electrical scalar potential [V].

As illustrated in Figure 2, the geometric measurements of the TEG parts used in the
current work have been explained. There are 7 TEG systems used in this work, with each
system having 35 TEG couples connected serially. It was assumed that TEG would function
in steady-state mode with human temperature as a heat source and ambient temperature
as a cooling source.

Figure 2. The current work’s thermoelectric generator system design.

3. Step-Up Converter

An essential structure in power electronics is the boost or step-up converter. This
prominent switch design converter elevates a DC input voltage Vi, to a DC output voltage
Vo, which is consistently higher than the initial input. S; and S, function as complementary
switches, each responsible for connecting the inductor to either 0 volts (S; closed, S, open)
or linking to the output capacitor (S; open, S, closed) in an alternating manner, as illustrated
in Figure 3. These actions prompt the creation of a triangular current flow through the
inductor, which, upon integration by the output capacitor, yields the output power V, with
minimal fluctuations on the load.
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Figure 3. Boost converter.

The upper switch of the asynchronous boost converter is executed by a diode that will
turn on automatically when the lesser switch (a controlled switch such as a MOSFET or
IGBT) is off, as shown in Figure 4.
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Figure 4. Asynchronous boost converter.

As a rule, asynchronous boost converters are created to operate in continuous conduc-
tion mode, which means a range of operations are selected so that the conductor current
always remains positive (IL > 0), ensuring forward basing of the diode. As a result, the
equations describing the converter’s behavior will change if this condition is not met. This
switch topology has two different states when operating in continuous mode, as shown in
Figure 5. The waveform depicting the converter operation is shown in Figure 6.
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Figure 5. Control signal.
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Figure 6. Boost converter waveforms.
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The following equations describe the operating of the aforementioned asynchronous
boost converter [18,19].
The periodic time (T = Ton + Toff) in seconds is given by

1

T=—, 6
Foo (6)
where f5, is a switching frequency in kHz, and Ton and Toff are the on time and off time,
respectively.
The duty cycle D is given by
Ton
D=—. 7
- )

Consequently, the step-up converter, input, and output voltages can be written as

follows [20,21]:
vV, 1
Ve 1-D ®

The input and output ripple of the continuous conduction mode for the asynchronous
step-up converter is given in Equations (9) and (10), respectively.
Viu D

L f sw !
Vi * D
C(1-D)Rofsw

Al =

©)

AV, = (10)

4. Results and Discussion

The energy that is harvested from the TEG is used to supply the headlamp. The
process of transferring this harvesting energy from the thermoelectric generator to the head
torch is carried out by connecting one of the elements of the conversion circuit (i.e., the
boost converter) to match the required specifications of the headlight, which represents the
external load in this case, as shown in Figure 7.

Figure 7. Overall system diagram.

The results of this work are separated into two parts; the first displays the results of
the TEG simulations, while the second discusses the electrical results.

4.1. TEG System

Figure 8, shows the temperature distribution of 3D TEGs, with the hot side represent-
ing human body temperature (37.8 °C) and the cold side representing ambient temperature.
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Figure 8. Temperature distribution of seven thermoelectric generator systems.

Figure 9 illustrates the three-dimensional voltage distribution of the TEG system,
where one section has been enlarged to provide a better visual of the voltage distribution.

Figure 9. The voltage distribution in the TEG system.

4.2. Electrical Results

The electrical circuit comprises a 4.5 V, 4.2 W headlight as an external load, a 0.66 duty

cycle, and a 25 kHz set-up converter circuit energized with a 1.5 DC input voltage. It was
simulated by MATLAB Simulink, as shown in Figure 10.
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Figure 10. MATLAB Simulink of the step-up converter.

Figure 11 illustrates the DC output voltage of the converter. It demonstrates the process
of raising the input voltage of 1.5 V to the desired 4.5 V according to (8), using the simulation
circuit in the step-up converter. Figure 12 illustrates the 1 Ampere waveform, whereas
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Figure 13 displays the electrical power waveform, aligning with the operational needs of
the external load imposed by the head torch. The findings indicate a strong correlation
between the current operational values and the intended values of the headlight circuit.

Figure 11. Output voltage waveform of the step-up circuit.

Current [A]

Figure 13. Output power waveform of the step-up circuit.
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5. Conclusions

The present paper has presented a method of combining a thermoelectric and electric
system with two simulation programs, ANSYS and MATLAB Simulink, to harvest energy
based on the difference in temperature between the human body and the ambient air to
energize a head torch, as an example of an electrical application. The simulation results for
the TEG and step-up converter circuit are satisfactory and match customer requirements,
with a ripple of 2% in the output voltage.
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