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Abstract - This research work presents a study of applying 
Thermo-Electric Generator (TEG) in different regions in the 
Egyptian environment. The difference in the temperatures 
between the hot side and the cold side of the TEG generates 
electricity with an efficiency that reaches about 5% of the 
thermal energy. This study is beneficial for floating solar 
stations where the solar energy is heating the hot side of the 
TEG and the water surface (sea, lake or river) is cooling the 
other side. Based on the mathematical model of the TEG 
module, simulation is carried pit using MATLAB/Simulink to 
elaborate its performance in different conditions. Throughout 
the simulation, the performance of the TEG in Egyptian 
different governorates with different sea and ambient 
temperatures is tested and evaluated. Several advanced 
applications of the use of TEG are proposed and discussed. 
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1. INTRODUCTION 
 
Energy and economic systems always face the problem of an 
increasing shortage in energy supplies. Many researchers are 
working on enhancing the efficiency of renewable energy 
sources such as solar energy, wind energy, and heat energy. 
Our study is concerned with improving the efficiency of 
converting heat energy into electric energy directly using the 
thermo-electric effect and studying this application within 
the Egyptian weather. 

In the early 1800s the thermoelectric effect was discovered. 
If a temperature gradient is applied to a junction of two 
dissimilar materials, a voltage will be generated. With the 
development of semiconductors, the thermoelectric turned 
to be made of P-type and N-type semiconductors where the 
bandgap and the carriers concentration could be optimized. 
By connecting many thermocouples electrically in series and 
thermally in parallel a thermoelectric module (TEM) as 
shown in Figure 1 and Figure 2 will be formed.  

 

 

Fig - 1: Thermoelectric Generator (TEG) 
 

 

Fig - 2: Thermoelectric module (TEM) 
 
TEM devices can be classified into two types, TEG 
(thermoelectric generator) which converts temperature 
gradient to electric energy and TEC (thermoelectric cooler) 
which converts electric energy to temperature gradient. 

TEM is a solid-state energy converter where there is no 
mechanical or moving parts and generates no noise, 
moreover, it is reliable, compact and stable. However, the 
main problem with the TEM is the low efficiency of energy 
conversion [1]. 

Chengzhi Zheng et al in 2019 [2] developed a flexible self-
powered sensing element by integrating organic-transistor-
based chemical sensors with a flexible power supplier, and 
an organic thermoelectric (OTE) generator. The constructed 
OTE array mounted on a paper substrate shows a maximum 
open-circuit voltage of 0.52 V and a maximum power output 
of 0.32 µW. Notably, the device can be used to power organic 
field-effect transistor-based gas sensors with ultralow 
operating voltage. 

Kyungwhan Yang et al in 2019 [3] proposed a thermoelectric 
generator-coupled micro super capacitor (TEG-MSC) 
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consisting of a planar micro super capacitor linked directly 
to thermoelectric pn modules of p-Ag2Te and n-Ag2Se 
nanoparticle thin films. In the TEG-MSC, a Seebeck voltage of 
82 mV is generated at a temperature difference of 15.8 K and 
is rapidly charged with an efficiency of 98% and the 
proposed device achieves a discharging and charging ratio of 
99%. 

Steven Lecompte et al in 2019 [4] presented a review of 
experimental investigations on supercritical operation 
considering both heat-to-upgraded heat and heat-to-power 
systems. 

The rest of this paper is organized as follows: Section 1 
presents the world movement of seeking energy and the 
history of Seebeck coefficient, the effect of developing 
semiconductors on developing TEM and how TEG works. 
Section 2 shows how to obtain the mathematical model of 
the TEG and the factors affecting it. Section 3 shows the 
electrical parameters and how to determine the TEG 
characteristics. Section 4 presents a simulation of the HZ-20 
TEG module using MATLAB/Simulink and getting the 
relationship between the current-voltage and current-
power. Section 5 studies the application of using TEG in the 
Egyptian weather conditions. Section 6 shows the results of 
power output of every governorate during the year 2017. 
Section 7 proposes several advanced applications for the use 
of TEG. Finally, section 8 is the conclusion. 

2. THEORY AND MATHEMATICAL MODEL 
 
In order to obtain a mathematical model for the TEG, there 
are many effects that should be considered, like Joule effect, 
Seebeck effect, Peltier effect, Thomson effect and Thermal 
conduction [5]. 

Joule effect is generated inside the module when the electric 
current (I) flows in the thermoelectric element in both the 
hot side and cold side with the same amount of energy: 

Q Joule = I2R                            (1) 

where R is the electric resistance, I is the electric current. 

Seebeck effect is generating voltage between two dissimilar 
materials when a temperature deference is applied: 

α = V/∆T                               (2) 

where α is the Seebeck coefficient, V is the Voltage, ∆T is 
the temperature deference. 

Thermal conductivity is a Fourier process which is described 
by: 

Qth = -∆T Kth                        (3) 

Where Kth is the Thermal conductivity. 

Peltier effect is the heat effect when electric current flows 
through two dissimilar junctions: 

QPeltier = α ∆T I                     (4) 

Thomson effect is too small so it neglected. 

3. ELECTRICAL PARAMETERS OF THE TEG 
 
The following parameters are used to determine the TEG 
characteristics: 

Th: Hot side temperature. 

Tc: Cold side temperature. 

∆T: Temperature difference between the hot side and 
cold side. 

Vm: Matched voltage. 

Wm: Matched power. 

R: Internal resistance. 

RL: Load resistance (matched to internal resistance 
where R=RL). 

So, the electrical resistance could be defined by: 

R=RL=Vm
2/Wm                      (5) 

and Seebeck coefficient: 

α= 2Vm/∆T                            (6) 

and if: 

RL=mR                                   (7) 

Where m is the ratio between the internal and load 
resistance, So the electric current is: 

I=α∆T/(1+m)R                     (8) 

and when the load is matched the current will be: 

Im= α∆T/2R                           (9) 

In TEG applications, it is important to maximize the output 
current which is the short-circuit current at VL=0: 

ISC=2Im=2Wm/Vm                (10) 

and the TEG output voltage is: 

V=-R(I-ISC)                           (11) 

4. SIMULATION OF THE TEG 
 
The parameters of the TEG could be calculated from the 
basic specifications of the TEG manufacture’s datasheet by 
using equations (5) to (11). 

The TEG model is implemented using MATLAB/Simulink as 
shown in Figure 3. By using the HZ-20 module, its basic 
specifications are: 

TH = 230°c 

TC  = 30°c 

Wm = 19 W 

Vm = 2.38 V 

Max Efficiency = 4.5% 

R = 0.2981Ω 

So α = 0.0238V/K 
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Fig - 3: MATLAB/Simulink model for the TEG 
 
By making the cold-side temperature a constant at 30°c and 
the hot-side temperature a variable from 30°c to 230°c the 
output parameters of the system voltage, current and power 
at the matched load are shown in Figure 4. 

 

Fig - 4: I-V & I-W output characteristics 
 
So, the maximum power is 19W at 2.38V and 7.982A which 
are matching with the manufacture’s datasheet. 

5. APPLICATION IN THE EGYPTIAN ENVIRONMENT 
 
To make the TEG works efficiently, it is necessary to 
maximize ∆T to get a higher output power. So that Th will be 
provided by the solar energy and Tc will be provided by 
surface temperatures of the Egyptian seas (Red Sea and 
Mediterranean Sea).  

Temperatures in degrees can be obtained from meteoblue 
website [6] which gives a graph of the weather conditions 
for every governorate in Egypt around the whole year. 
Surface temperatures of the Egyptians seas can be obtained 
from seatemperature.org website [7] which is based on 
graphs derived from the historical sea surface data of many 

years. Our study will only be applied to cities which have 
water bodies. 

Figure 5 shows a sample of ambient temperatures of the 
Egyptian governorates during the year 2018 and Figure 6 
shows a sample of sea surface temperatures during the year 
2018. 

 

Fig - 5: Sample of Temperatures of Egyptian Governorates 
in 2018 

 

6. SIMULATION RESULTS 
 
By simulating HZ-20 TEG module by using Th and Tc from 
temperature of every governorate in Egypt that has water 
body, we obtain the power output in Watts as shown in 
Table 1. 
 

Table -1: Power output in Watts from the TEG in the 
Egyptian Governments during 2017 

 

 Jan Mar May Jul Dep Nov 

Alexandria 0.056 1.81 1.92 1.27 0.565 0.32 

Matrouh 
0.094 1.32 2.86 1.65 0.62 0.18 

Port Said 0.265 2.08 1.27 1.85 0.808 0.547 

Sues 0.283 1.36 2.14 2.67 1.76 0.696 

Sharm El-
Shaikh 

0.056 0.99 1.59 2.67 2.65 0.47 

Dahab 0.037 1.56 2.26 2.56 3.04 0.97 

Hurghada 0.094 1.43 2.06 2.06 2.44 0.43 

Alquseir 0.037 1.83 2.51 1.87 1.87 0.359 

Shalateen 0.359 1.83 2.69 2.4 2.14 0.73 

 
By dividing the Egyptian map into North coast area 
(Alexandria, Matrouh and Port Said), Sinai area (Sues, Sharm 
El-Saikh and Dahab) and Red Sea coast area (Hurghada, 
Alqusier and Shalateen), and taking samples from every area, 
we get the results shown in Figures 7, 8 and 9. 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 10 | Oct 2019                   www.irjet.net                                                                     p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.34       |       ISO 9001:2008 Certified Journal       |     Page 1106 

 

Fig - 6: Sample of sea surface temperatures in Egypt 
 

 

Fig - 7: Power output in Watts from North coast area 
 

 

Fig - 8: Power output in Watts from Sinai area 
 

 

Fig - 9: Power output in Watts from Red Sea coast area 
 

7. PROPOSED ADVANCED APPLICATIONS 
 
In this section we will propose several advanced applications 
that can make use of the TEG. 

7.1 Radioisotope Thermoelectric Generator 
 
Radioisotope Thermoelectric Generator generates electrical 
power by converting the heat which is released from the 
nuclear decay of radioactive isotope into electric power as 
shown in Figure 10.  

Since 1961 U.S. and NASA have used 41 radioisotope power 
system as a power source for 26 space systems on 25 
missions for scientific stations on the moon, highly 
sophisticated deep space interplanetary missions to Jupiter, 
Saturn and beyond, Earth orbital weather, robotic explorer 
spacecraft on Mars, The New Horizons mission to Pluto [8] 
[9] [10]. 

 

Fig - 10: Radioisotope 
 

7.2 Car Waste Heat Recover 
 
This is based on using the waste heat which comes from hot 
parts in the automobiles as shown in Figure 11, like exhaust 
manifold, catalytic converter, center muffler and rear muffler 
[11] [12]. 
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Fig - 11: Interface between TEG and exhaust manifolder 
 

7.3 PV/TEG Combination 
 
The combination between PV and TEG as shown in Figure 
12, prevents the drop in the electric efficiency of the PV. 
Moreover, converting the waste thermal power to electric 
power by the TEG and adding this power to the PV power, 
the total system output will be increased [13] [14]. 

 

Fig - 12: Hybrid PV/TEG 
 

3. CONCLUSIONS 
 
This paper performed a study about using the TEG in the 
Egyptian environment. It is recommended to increase the 
temperature difference ∆T by searching for a place that has 
high ambient temperature and a water body which has a low 
temperature. 

It is recommended to concentrate sun rays on the TEG by 
using lenses on parabola or a solar box to retain the heat and 
use big heat sink as much as possible made of a good heat 
conductive material as shown in Figure 13. 

 

 

Fig - 13: Proposed sea surface TEG setup 
 
This paper introduced the application of the TEG in open 
areas. It is recommended to use the TEG in industries which 
use ovens and also in electric cars by converting waste heat 
generated from batteries into useful electric energy. 

It is recommended in open area applications to combine the 
TEG with the PV Photovoltaic where TEGs are used to 
generate electricity at an efficiency of ~5% of the heat 
energy while the cooling increases the efficiency of the PV 
with about ~19%. So, it is recommended to apply one 
combined module of TEG and PV. 
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