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A B S T R A C T   

An analysis of the thermoelectric characteristics of certain recently discovered materials is carried 
out in this investigation. The alloy of iron, vanadium, tungsten, and aluminum (Fe2V0.8W0.2Al) 
applied to a silicon crystal is compared to new inorganic thermoelectric materials, which are 
mosly oxides like NaCO2O4. For both materials, the thermoelectric effects, Seebeck effect, Peltier 
effect, Thomson effect, and Kelvin relations are described. The cooling rate’s influence on the 
energy balance is also assessed. The traditional thermoelectric materials provided are mostly 
made up of toxic, rare and/or expensive elements, which makes large-scale thermoelectric 
generator integration difficult. In recent decades, research has shifted toward the development of 
novel materials with a better price-to-performance ratio. Despite a low conversion yield, the 
family of oxides offers significant benefits in this respect, which are particularly evident at high 
temperatures. The findings of our study indicated that Fe2V0.8W0.2 applied to a silicon crystal has 
good thermoelectric characteristics. A sufficient merit factor was found in the new substance 
under investigation.   

1. Introduction 

The nanostructures core/shell semiconductor have recently attracted a lot of interest due to their very interesting properties and 
numerous potential applications [1]. Thermoelectric materials restore the energy released by the dissipated heat to productive 
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purposes. A classical thermoelectric material must have a high electrical conductivity, a low thermal conductivity and must maintain a 
temperature gradient [2]. 

The different technologies of preparation of thermoelectric materials, facilitate the research of new highly efficient thermoelectric 
materials, these techniques are diverse. Hydrothermal method which is a heterogeneous reaction for the synthesis of inorganic ma-
terials in an aqueous medium heated in a closed steel autoclave above the boiling point of water, at high pressure [3]. Compared with 
the “low-temperature” coprecipitation techniques which typically produces nanoparticles of low crystallinity, hydrothermal synthesis 
can provide magnetic nanomaterials with extremely high crystallinity under reactive conditions at high temperature and high-pressure 
[4]. 

Bulk polycrystalline thermoelectric metal chalcogenides have historically been produced by homogenizing stoichiometric ratios of 
elements in the liquid phase, followed by fast cooling to room temperature and lastly annealing of the compound. It is claimed that the 
mechanical characteristics of thermoelectric materials are enhanced when the generated slab from casting techniques were reproc-
essed using powder metallurgy [5]. The polycrystalline PbS sample was produced by combining high quality Pb (99.999%) and dried S 
(99.9%) in vacuum sealed quartz ampoules, then reacted at high temperature to form a material of high purity starting material PbS, 
[6]. The resulting polycrystalline sample Pb0.97Na0.03Te0.55S0.35Se0.1 was produced by combining stoichiometric amounts of pure 
atoms. 

The preparation method of thermoelectric materials in the paper of Liang et al. [7] covers production of silver electrodes and 
masks, coating of thermoelectric powder materials, sintering, insulation, packing and solidification of thermoelectric substrates. The 
atomic layer deposition (ALD) method is a thin film deposition method and is usually realized by sequentially dosing two precursors 
into a vacuum deposition chamber. The chamber houses the substance to be coated and is generally heated to facilitate the chemical 
reactions that will produce the film [8]. 

Chemical vapor deposition (CVD) is employed to generate high specification, high-performance solid-state substrates, primarily in 
the semiconductor industry. Usually, the substrate is exposed to volatile precursors, and then the volatile precursors will react and/or 
breakdown on the substrate surface to generate the desired deposit [9]. Plasma Enhanced Chemical Vapor Deposition (PECVD) is a 
chemical vapor deposition (CVD) process used to deposit thin films from a gaseous (vapor) state to a solid state on a substrate. 
Chemical reactions are required in the process, which proceed after the generation of a plasma of reactive gases. The plasma is 
generally produced by a radio frequency (RF) discharge (alternating current (AC)) or direct current (DC) between two electrodes, 
which are filled with the reactive gases [10]. 

Due to the Seebeck effect, thermoelectric materials are well-known for their capacity to convert heat into electricity. The latter 
takes use of the temperature differential between two materials with differing conductivities, resulting in potential difference between 
the two blocks and an electric current. The so-called ‘merit factor, ZT’ as stated below [11–14], can be used to assess a thermoelectric 
material’s performance. The efficient material in terms of converting heat into electricity should have high values of ZT [15]. At room 
temperature, the most efficient materials today reach ZT values of 2.5 or 2.8. On November 14, a team from the University of Vienna 
nevertheless succeeded in practically doubling this figure with a material having a merit factor ZT of between 5 and 6. It is a thin layer 
of iron, vanadium, tungsten, and aluminum (Fe2V0.8W0.2Al) applied to a silicon crystal. Oxides have always aroused great interest in 
high-temperature thermoelectric applications. Indeed, the oxides are generally stable for T, 300 K [16]. They are also made up of 
elments that are abundant on earth and have a cheap cost. However, until the late 1990s, these materials were never used for energy 
conversion. 

In this type of material, the charge carriers have low mobility, resulting in a high resistivity that limits the values of ZT [17–19]. The 
well-known oxide is ZnO, which has a ZT = 0.3 at 1000 K. But research has not stopped since, in 1997, the compound NaCO2O4 
reached a ZT = 0.7–0.8 at 1000 K [20–22]. Inorganic materials are mainly oxides such as NaCO2O4, ZnO, CaMnO3, or SrTiO3, which 
have good thermoelectric properties and are exceptionally stable in temperature. The literature also mentions selenides and sulfides, 
natural compounds, as in tetrahedrites [23–25]. The materials which have the benefit of balancing the drawbacks of inorganic ma-
terials over a temperature range close to room temperature are also investigated. The progress is rapid, and it might lead to a variety of 
applications [26]. 

The energy conversion efficiency of a thermoelectric material depends on a high value of the figure of merit (ZT), which requires a 
high Seebeck coefficient, high electrical conductivity, and low thermal conductivity. Nanostructured materials promise high power 
factor and low thermal conductivity, thus improving ZT [27]. Previous works used various techniques to raise ZT, with particular 
attention to increasing the Seebeck coefficient or electrical conductivity. These methods include the formation of TE cement in the 
form of composites with expanded graphite [28], carbon nanotubes [29], graphene nanoplatelets [30], carbon fibers, MnO2, 
Ca3Co4O9, and metallic oxides [31]. These days, transition metal oxides (TMOs) are getting attention for their thermoelectric prop-
erties [32]. They have a high Seebeck coefficient, as well as the necessary thermal and electrical conductivity, and are plentiful in 
nature. Some of the widely studied TMOs are iron oxide (Fe2O3), zinc oxide (ZnO), and manganese oxide (MnO2) and have potential 
applications for energy harvesting and storage [33]. However, only metallic oxides cannot improve thermoelectric properties since 
they have limited electrical conductivity. In this context, introducing graphene flakes, nanoplatelets, and graphene oxides are 
promising candidates as they can increase the value of the power factor [34]. 

To come up with an improved heterojunction with higher light sensitivity, very fast photo-response, improved reactivity, and 
excellent detection, Tao et al. [35], suggested a mixed-dimensional heterojunction photodetector, one-dimensional for p-type tellu-
rium (Te), and two-dimensional for n-type rhenium disulfide (ReS2), with the outstanding performance compared to a conventional 
(Te) and (ReS2) photodetectors. Using 2D numerical simulations, Wang et al. [36] predicted the DC characteristics of dual-channel 
AlGaN/GaN High-Electron-Mobility Transistor (DC-HEMTs) by drift diffusion, thermodynamic, hydrodynamic, and hot electron 
models. To optimize the AlGaN/GaN DC-HEMTs, they proposed a new DC-HEMT structure In0.18Al 0.82 N/GaN/AlGaN/GaN. Their 
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prediction agreed with the experimental work. 
Using controlled atomic layer deposition of GaOxNy cocatalysts on 1D TiO2 nanowires (TiO2 @GaOxNy core-shell), Tao et al. [37], 

achieved a significant improvement in photo-electrochemical performance when compared to pure TiO2 N.W photoanodes. The highly 
efficient and stable TiO2 @GaOxNy core-shell nanowire systems with GaOxNy of 20 nm thickness, a photocurrent density up to 1.10 
mA.cm-2 (at 1.23 V vs. RHE) under 1.5 G.AM irradiation (100 mWcm-2) was obtained, which is 14 times higher than that of the 
non-modified TiO2 NWs. The high efficiency and the high stability of TiO2 @GaOxNy core-shell nanowire systems with GaOxNy 
deposited by ALD exhibit a good strategy to produce core-shell structures that enhance the photo-electrochemical efficiencies of widely 
obtainable photoanodes, Tao et al. [37]. A study on the use of diethylzinc (DEZn) and H2O as precursors for ZnO deposition by 
TH-ALD, and TMGa and O2 plasma as reagents for Ga2O3 PE-ALD, by Tao et al. [38], and they investigated the ZGO films as a function 
of Zn doping concentrations via electrical, structural, morphological, and optical measurements. The results show that the deposited 
ZGO films are amorphous while ZnO has a crystalline structure. 

CubeSats are tiny spacecraft that have revolutionized access to space. They have contributed to recent breakthroughs in numerous 
fields, such as weather data and climate studies, etc. The EU-funded WiPTherm project will develop an innovative wireless energy 
transfer system that will enable wireless recharging of energy storage devices used in CubeSat technologies. This includes dozens of 
microarrays of 2D thermoelectric generators based on Fe2V0.8W0.2Al. 

The WiPTherm Project [39] intends to revolutionize the world of Wireless Energy Transfer, combining cutting edge technologies in 
the fields of Thermoelectric Devices, High Power Lasers, and CubeSats. With the dramatic climate change caused by greenhouse gasses 
in the atmosphere, green energy technology becomes more essential than ever. Thermoelectric materials [40] based on Fe2V0.8W0.2Al 
are an affordable option of green energy for heat collection and heat recovery and transformation into electricity. 

In this paper, a comparison is made between the thermoelectric properties of the latest new thermoelectric materials. It concerns 
the alloy of iron, vanadium, tungsten, and aluminum (Fe2V0.8W0.2Al) applied to a silicon crystal, and a new inorganic thermoelectric 
material (NaCO2O4) is mainly oxide. An attempt is made to define a novel material with a reasonable merit factor, an excellent Seebeck 
coefficient, high electrical conductivity, and low thermal conductivity. We also focus on the thermal conversion effects such as the 
Seebeck effect, Peltier effect, Thomson effect, kelvin relations, and the impact of the cooling rate on the energy balance. To the best 
knowledge of the authors, the case studied here has not been studied previously. 

2. Properties of new thermoelectric materials 

2.1. Oxidized materials 

Oxidized materials can benefit from high chemical stability in an oxidizing atmosphere, which gives them a decisive advantage 
over intermetallic compounds and chalcogenides (S, Se, Te). Over the past 15 years, n-type oxides: SrTiO3, CaMnO3, In2O3, and ZnO 
have been mainly studied, leading to the gradual increase in ZT of these materials [41]. By its abundance, low cost, and safety, zinc 
oxide appears to be a particularly attractive compound. Like many oxides, this phase, however, suffers from high thermal conductivity 
and electrical resistivity, which constitute an essential obstacle to its use for thermoelectricity [42]. 

However, the stability of nanostructures under the actual conditions of thermoelectric modules is a recurring question. This way, 
studies having reached high ZTs have paid little attention to maintaining performance during a prolonged cycle at high temperatures 
[43]. For oxides, the high temperatures of use are probably the cause of granular growth which will decrease the number of interfaces 
diffusing the phonons and will thus gradually degrade the ZT of the material [41,44,45]. 

2.2. The alloy of iron, vanadium, tungsten, and aluminum Fe2V0.8W0.2Al applied to a silicon crystal 

Austrian researchers’ secret of the alloy lies in its structure, which changes entirely when applied to silicon. In standard times, the 
atoms of this material are arranged in a strictly traditional way in a cubic network, where the distance between each atom is always the 
same, explains Ernst Bauer. But, when a thin layer is deposited on the silicon crystal, the atoms change position entirely randomly 
while remaining in a cubic structure. The iron atom can thus be found alongside vanadium or even aluminum so that the distance 
between them no longer follows any rule. This mixture between a regular cubic structure and the random arrangement of the atoms 
modifies the electronic properties of the material, which suddenly offers a low electrical resistance ρ. But the irregular configuration of 
atoms also inhibits molecular vibrations, which usually induce thermal solid transmission. We thus obtain the two contradictory effects 
sought. 

Given the thinness of the alloy layer (about one micrometer), there is no point in hoping to generate a significant amount of energy. 
But researchers still see many possible applications. Thermoelectric modules are trendy, for example, in waste heat recovery devices 
for independently supplying small electrical equipment. “In a factory, you can’t wire all the sensors together. It is much more relevant 
to have sensors that generate their energy using a small thermoelectric device”, explains Ernst Bauer. This type of material would also 
make it possible to harness body heat for medical monitoring sensors. 

3. Merit factor 

To determine the materials’ thermoelectricity, it is necessary to have a criterion allowing the comparison of their performances. A 
thermoelectric compound must combine a low amount of electrical resistivity, a strong Seebeck coefficient, and limited thermal 
conductivity. The concept of merit factor (ZT) is a way to assess the conversion performance of a thermoelectric material [46]. It is 
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given by the relationship [47]: 

ZT =
S2

ρk
T =

PF
k

T (1)  

where ρ is the electrical resistivity (Ω.m), S is the Seebeck coefficient (V∙K1), k is the thermal conductivity (W∙m-1∙K-1), T is the 
temperature (K), and PF is the power factor (W∙m1∙K2). 

The merit factor calculation clearly demonstrates that materials with the following characteristics will perform best [48]:  

• A high absolute Seebeck coefficient indicates that the material is capable to generating a significant potential fluctuation in 
response to temperature difference;  

• Low electrical resistivity, which increases charge carrier transport while lowering Joule effect losses; and  
• High thermal conductivity throughout the device. 

However, these three parameters are not independent of each other and are based on specific physical quantities [17]. The thermal 
conductivity, the Seebeck coefficient, and the electrical resistivity thus share a close link with the concentration of charge carriers in 
the material [49]. These last two parameters are also proportional to the effective mass of the charge carriers [18]. According to these 
common denominators, the three constitutive quantities of ZT vary in an antagonistic way [50]. 

4. Effect studies 

4.1. Seebeck effect 

This phenomenon corresponds to the appearance of a potential difference (dV) at the terminals of a circuit containing two con-
ductors (a and b) when a temperature difference (Tc - Tf) is applied between the junctions of the two conductors [51]. 

The Seebeck coefficient (α, in V∙K-1) that exists between a and b is defined as: 

αab(T) =
dv

Tc − Tf
= αa(T) − αb(T) (2)  

where, αab is the difference of the thermoelectric powers of materials a and b. We also speak of the thermoelectric power when we talk 
about the absolute Seebeck coefficient of a material. Indeed, the previous phenomenon of carrier migration takes place within each 
material. For αab > 0, we then speak of p-type material and when αab < 0 of n-type material. 

4.2. Peltier effect 

The junction of two conductors a and b crossed by a current (I) generates a release or a heat absorption at the junction. The heat 
flow (Q) involved is expressed by the relation: 

Q = I πab (3)  

Where πab is the Peltier coefficient of the couple (a, b) expressed in Volt. Qualitatively, let’s consider conductors a and b as semi-
conductors, respectively, of types n and p, during their passage from material a to material b. The electrons release an excess of the 
entropy and gain some energy when the electrons go from b to a [52]. 

4.3. Thomson effect 

Unlike the two previous effects, it is unnecessary to have a junction to observe this phenomenon highlighted by Kelvin [53]. When 
an electric current (I) and a temperature gradient (dT/dx) are present, the conductor exchanges heat with the middle. The expression of 
the heat flow (Q) is then given by the relation: 

dQ(x)
dx

= Iτ dT
dx

(4)  

where τ is the Thomson coefficient (V∙K-1) [53]. 

4.4. Kelvin relations 

The thermoelectric coefficients are linked by the Kelvin relations ((4) and (5)): 

πab = T αab (5)  

τ = T
dα
dT

(6) 
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where τ is the Thomson coefficient (V∙K-1) [54]. 
During the thermo-generation, the heat absorbed by one of the terminals of the device causes the migration of the holes (semi-

conductor of p-type) and of the electrons (semiconductor of n-type) towards the cold junction [55]. So, there is a creation of a potential 
gradient and an electric current. Let the couple’s merit factor p-n, expressed by the equation [56]: 

ZpnT =

(
Sp − Sn

)2

( ̅̅̅̅̅̅̅̅̅
ρpkp

√
+

̅̅̅̅̅̅̅̅̅
ρnkn

√ )2 T (7) 

The merit factor of the couple p-n is based on the properties of the two materials. To maximize the conversion efficiency, it is 
necessary to use materials with similar properties and significant individual ZT [56]. 

5. Results and discussion 

5.1. V = f(ΔT): voltage against the temperature variation 

Fig. 1 shows the voltage (V) depending on the temperature variation (ΔT). The generation of a voltage ΔV is made when the 
junctions between two materials A and B are subjected to ΔT. The connection of two materials, one of type n and the other of type p, 
electrically in series and thermally in parallel, may increase the electrical potential. This configuration with two branches (of types n 
and p) forms a thermocouple, which constitutes the bare brick of thermoelectric devices. These modules are therefore employed for the 
production of TEG thermoelectric generators. 

5.2. I = f(ΔT): The electric current against the temperature variation 

Fig. 2 illustrates the electric current (I), depending on the temperature variation (ΔT). The current flowing from a positively doped 
material to a negatively doped material produces heat. The conventional direction of the current being the opposite direction of the 
electrons. When the current passes from a p-type material towards an n-type material, the electrons of the n-type material towards a p- 
type material. That is to say that they are moving from an electron-rich medium to an electron-poor medium. When the electrons 
passed through the n-type material, the medium being rich in electrons, there were more shocks between the particles. The electrons, 
therefore, carried tremendous kinetic energy. Passing towards an electron-poor medium, the electrons undergo less shock and transmit 
their kinetic energy in the junction between the two materials. This loss of microscopic kinetic energy yields an increase in the thermal 
agitation of the particles at the level of the intersection. There is, therefore, a release of heat. On the contrary, when the electrons pass 
from an electron-poor medium to an electron-rich medium, the current imposes the passage in the negatively doped material. Then, the 
electrons absorb the kinetic energy of the particles from the ambient medium and gain the kinetic energy necessary for the passage 
through n-type materials. 

Fig. 1. Depending voltage with the temperature variation.  
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5.3. W = f(ΔT): depending power generated with the temperature variation 

Fig. 3 reveals the power generated (W), depending on the temperature variation ΔT. The thermoelectric couples consist of two 
semiconductor materials, one of type p (S > 0) and the other of type n (S < 0), connected by a conductive material with negligible 
thermoelectric power. The torques are connected electrically in series and thermally in parallel to optimize the heat flow and the 
electrical resistance of the module. Due to the influence of an imposed electric current, the charge carriers (electron and holes) are 
transferred from the cold source to the hot one. The heat flow (entropy transfer) is therefore moved from the cold source to the hot one, 
opposing that of the thermal conduction. If the first effect is more significant than the second, the heat will be moved from the cold 
source to the hot one, making thus a refrigerant material. In the case of electricity generation, it is the heat flow that causes a 
displacement of the charge carriers and the appearance of an electric current. 

5.4. ZT = f(ΔT): figure of merit vs. the temperature variation 

Fig. 4 reveals the figure of merit (ZT), depending on the temperature variation: ΔT. The ZAB merit factor is decisive for the per-
formance of a thermocouple, regardless of the operating mode, generation, or cooling. The two branches of a thermocouple are often 
made of similar materials or even a single type of differently doped material. The conversion capacity of the thermoelectric energy for a 
given material is a function of intrinsic characteristics of the material considered. To reach a high Z factor, the material must have a 

Fig. 2. Electric current against the temperature variation.  

Fig. 3. Power generated vs. the temperature variation.  
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large Seebeck S coefficient, good electrical conductivity σ, a low thermal conductivity κ, great Seebeck and Peltier coefficients, leading 
thus to a large electrical voltage for a given temperature gradient or to a large heat flux for a given electrical current. Good electrical 
conductivity is necessary to increase the current flowing through the load while limiting losses by the Joule effect. The low thermal 
conductivity is of significant importance in maintaining the temperature gradient between the two points, hot and cold, of the 
thermocouple. The search for materials with a high merit factor Z, therefore, consists of finding compounds that simultaneously meet 
the three requirements. However, this mission is not trivial since the properties determining the merit factor are mutually linked, and 
this in a negative way. Indeed, to augment the electrical conductivity, it is necessary to raise the concentration of the charge carriers. 
Still, this has the consequence of reducing the Seebeck coefficient and increasing the thermal conductivity. Consequently, the merit 
factor decreases or does not increase. 

5.5. Energy balance and effect of the cooling rate on the energy balance 

A fan was used during the electric current generation to cool the thermoelectric generator, with a cooling rate varying from 0 to 
12 m/s. In this energy balance, we will define: 

a-The Peltier heat absorbed by the hot junction is defined by the equation: 

Qπ = S I Tc (8)  

where, S is the thermoelectric power or Seebeck coefficient (V∙K-1), I is the electric current (A), and Tc is the temperature on the hot 
side (K). 

The Peltier heat absorbed by the hot junction as a function of the temperature variation is presented in Fig. 5 and depending on the 
cooling rate, it is shown in Fig. 6. The Peltier effect describes the fact that an electric current passing through a junction (contacts) 
made of two conductive materials of different natures A and B and remained at a temperature T, generates a difference in the tem-
peratures (energy displacement) at its ends. Each conductor has its electrochemical potential μ reflecting a specific potential barrier. 
When we put them in contact to form a junction, they change respectively to produce two other electrochemical potentials at equi-
librium. These equilibriums are favored by the passage of electrons, therefore equivalent to a positive polarization. When a homo-
geneous and unique conductor is subjected to ∆T and traversed by a current I, it appears a phenomenon of heat exchange within this 
material (release or absorption depending on the direction of the electric and thermal flow). This is due to the equivalence of two 
electrochemical potentials; the first is attributed to the point M of temperature T and the second to the point M’ of temperature T + dT. 
The electrons are then subjected to two forces: one is related to the existence of the same gradient, and the other is due to the elec-
trochemical potential rise of the conduction electrons.  

a. The part of the Joule effect in the branches is written in the following form: 

QI = RI2 (9)  

where R is the electrical resistance (Ω), and I is the electric current (A). 
The share of Joule effect in the branches vs. ΔT is highlighted in Fig. 7. While Fig. 8 presents Joule effect depending on the cooling 

rate. The Joule effect is not considered as a thermoelectric effect, but it often appears as an undesirable phenomenon in the 

Fig. 4. Variation of merit figure with the temperature variation.  
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characterization of thermoelectric coefficients. The Joule effect is thermal (release of heat), which occurs during the passage of electric 
current in any conductive material having a resistance. It is observed as an increase in the temperature and the internal thermal energy 
of the conductor. 

c- The part of the Joule effect returning to the hot spring is in the following form: 

QCJ =
1
2

RI2 (10) 

Joule effect is considered to be shared between the two sources. The part of the Joule effect returning to the hot spring vs. ΔT and 
the cooling rate is highlighted in Figs. 9 and 10, respectively. 

From a physical viewpoint, the heat is generated on a microscopic scale when the conduction electrons (free electrons weakly 
linked to these nuclei) transfer energy to the atoms of the conductor using collisions. This is why the Joule effect is weak in certain 
materials such as copper, which has very few electrons bonded to their atoms. The Joule effect is generally present in all conductive 
materials subjected to an electric current with more or less importance except for superconductive materials whose resistance is zero 
below a so-called "critical" temperature. 

Fig. 5. The Peltier heat absorbed by the hot junction vs. ΔT.  

Fig. 6. The Peltier heat absorbed by the hot junction as a function of the cooling rate.  
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6. Conclusion 

The thermoelectric effects of new metals or alloys have been determined in the study. It concerned the alloy of iron, vanadium, 
tungsten, and aluminum (Fe2V0.8W0.2) applied to a silicon crystal. The results obtained in this study revealed good thermoelectric 
properties of the studied material. Due to their high concentration of charge carriers, these enjoy a tiny electrical resistivity. However, 
they are characterized by very limited Seebeck coefficients and high thermal conductivities. The novel studied material was marked by 
a suitable factor of merit, i.e., it has a good Seebeck coefficient to generate the expected effects, a good electrical conductivity to 
minimize the heat losses by the Joule effect and to increase the current flowing through the load, and low thermal conductivity to 
maintain an appreciable temperature gradient across the material. 

The Seebeck and Peltier thermoelectric effects reveal that it is possible to convert the thermal energy into electrical energy and vice 
versa: the Seebeck effect can be used to generate a voltage and, therefore, an electric current from a ΔT. In contrast, the Peltier effect 
may change the temperature of two ends of a material due to an electric current. Depending on the direction of the conversion, 
thermoelectric applications are dedicated to the generation of electrical energy. These converters are heat engines that resemble 
conventional motors and refrigerators from a thermodynamic point of view. Still, the fluid they use (gas or liquid) is replaced by 
charges, electrons, or holes. As a result, thermoelectric converters have no moving fluid or moving mechanical parts, including 
reliability, quiet, vibration-free operation. Besides, as they are semiconductor devices, these converters are more compact, lighter, and 

Fig. 7. The share of Joule effect in the branches as a function of the temperature variation.  

Fig. 8. The share of Joule effect in the branches as a function of the cooling rate.  
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more reliable than devices using conventional technologies. Another advantage is the possibility of direct and reciprocal conversion of 
two types of energy, thermal and electric. On the other hand, the major drawback of thermoelectric equipment is their low perfor-
mance, which currently reduces their use to technological niches, where reliability is more important than the cost and efficiency of the 
system. 
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