
  Turkish Journal of Computer and Mathematics Education    Vol.12 No.13 (2021), 5350-5366 

5350 

 

 
 

     Research Article          
 

A Mathematical Loading Model in the Power Generator of Thermoelectric 

Generator 

 

Cekmas Cekdin1*, M. Saleh Al Amin2 

1Student of Doctoral Program, Faculty of Engineering, Sriwijaya University, Indonesia 

2Program Studi Teknik Elektro, Universitas PGRI Palembang, Indonesia. E-mail: 

saleh.pgri@gmail.com 

*Corresponding author e-mail : cekmas_cekdin@yahoo.com 

Article History: Received: 10 January 2021; Revised: 12 February 2021; Accepted: 27 March 

2021; Published online: 4 June 2021 

Abstract 

Most of the electrical energy produced today is obtained from primary energy such as oil, natural 

gas, and non-renewable coal. The utilization of fossil energy has caused negative impacts such as 

air pollution and global pollution. One of the potential sources of energy as a renewable energy 

source is the use of thermoelectric generators. The use of this energy source produces cheap, 

environmentally friendly and sustainable electrical power. The previous research results have 

shown that  the thermoelectric generator that can produce large currents and voltages is the type of 

SP 1848-27145 Thermoelectric Generator. The  

output current is 2 to 3 Amperes and its maximum voltage is 5 Volt dc with a load  

of 5 Watt, 12 Volt DC LED lights. The measurement results show that the thermoelectric 

generator type SP 1848-27145 can produce current and voltage at the hot side temperature of the 

piltier of 74oC and at the cold side of the piltier of 42oC. The design results in the form of a 

Thermoelectric Generator Application as a load-bearing power plant in the system are as follows: 

130, 140,150, 160, 170, 180, 190, 200, 210, 220, and 230 Watt. This varied loading is useful for 

revealing the maximum load on the system so that it works continuously or at least works for a 

long time. The results of calculation using the mathematical model of ŷi = 14,94 – 0,0097x1 + 

1,189x2 reveal that the maximum allowable load is 200 Watts. 

 

Keywords:  Thermoelectric Generator, Temperature, Power Generation by 

                    Thermoelectric Generator, Mathematical Model, Maximum Load. 

 

1.  Introduction 

Human dependence on electrical energy has become a major feature of today's modern 

era. Most of the electrical energy produced today is obtained from the primary energy such as oil, 

natural gas, and non-renewable coal. The utilization of fossil energy has caused negative impacts 

such as air pollution and global pollution. According to the Energy Information Administration 

(EIA), the electric power generated by factories using natural gas increased every year by 28% in 

2014, 35% in 2018 and 36% in 2019. Furthermore, world consumption and production of liquid 

fuels increased from 94 million barrels per day in mid-2014 to 100 million barrels in mid-2018 

which caused an increase in energy costs. To overcome the global growth in consumption of fossil 

fuels which is quite expensive and has an impact on world pollution, another form of 

environmentally friendly energy emerged at the end of this decade [1]. 

Nicolas Tesla once said "Electric power is everywhere in infinite quantities and can 

power the world machine without coal, oil or any other fuel". This statement encourages a new 

trend of using natural energy from the environment to produce cheap, environmentally friendly, 

and sustainable electric power. Today, the interest in renewable energy which can be obtained 
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from abundant natural sources such as thermal energy, solar, motion / vibration etc. and can be 

converted into electrical energy to supply electronic equipment and machinery, is growing rapidly. 

To overcome this energy demand problem is to seek new innovations as an alternative energy 

source. One of the potential energy sources with new innovations is the use of a thermoelectric 

generator (TEG). The use of TEG as an energy source should be considered because it has not 

been optimally utilized. The energy produced by TEG comes from thermal energy. TEG is an 

active component that converts thermal energy into electrical energy with the principle that if the 

hot side and the cold side of the piltier have a temperature difference it will cause TEG to start 

working. TEG is widely used in a variety of applications, due to its advantages such as free 

maintenance costs and a long life time. In recent years, TEG has been in great demand in terms of 

energy use, both large and small scale depending on the size, power and material used [2]. 

The state of the art of TEG is presented in this paper. This paper differs from other 

writings in terms of the use of TEG in particular from the thermal energy used. Previously, the 

heat source for TEG came from thermal energy produced by the combustion process in a steam 

boiler of a power plant, motorcycle exhaust [3] [4] which is known as waste thermal energy with 

an open loop system. In this paper, the TEG heat source comes from a thermal source that is made 

separately with the concept of a closed loop system. In TEG there is a hot side and a cold side of 

the piltier. If the hot side of the piltier is heated with its own thermal energy, there will be a certain 

temperature difference with that of the cold side of the piltier (as heat dissipation). This 

temperature difference causes TEG to start working [5]. The greater the temperature difference, 

the greater the electrical energy will be produced. But if it is too large the temperature difference 

can cause damage to the bismuth semiconductor used [6]. In order for the Thermoelectric 

Generator to work continuously, a mathematical loading model is made which is used to ensure 

that the accumulator output voltage does not work at a critical point. 

 The results of the previous researches show that in general the use of TEG as a power 

plant utilizes thermal energy [3] [4] and mostly uses heat sources from industrial waste with an 

open loop process. The novelty of this research are: 1. The heat source used for heating the hot 

side of the TEG piltier uses the closed loop principle. 2. The voltage and the current generated 

from the TEG can be increased gradually. 

The resulting efficiency obtained from the Thermoelectric Generator with separate 

heating system of closed loop is 27%. 

 

2.  Research Methods 

2.1. Literature Study 

Thermoelectric Generator (TEG) is a solid-state device that generates electrical energy 

from the temperature difference applied to the TEG. This generating technology was first 

introduced by Thomas Johann Seebeck in 1821 [7]. Seebeck reported that the thermoelectric 

potential energy could be developed in the presence of temperature differences in two different 

materials. As a result, this phenomenon is referred to as the "Seebeck effect". 

Usually, a large number of TE elements are connected in series and parallel to increase 

the power of the TEG. The standard size of the TEG module varies from 40 mm × 40 mm × 3 mm 

to 50 mm × 50 mm × 5 mm [8]. For flexible TEGs, the thickness varies from 10 to 500 μm [12]. 

Standard TEG modules typically use tellurium (Te), bismuth (Bi), antimony (Sb) or selenium (Se) 

to form the basis of the TE system [9] [10]. Bismuth telluride (Bi2Te3) and antimony telluride 

(Sb2Te3) alloys are the most commonly used TE materials due to their high efficiency at room 

temperature. In addition, these materials are also easily stored in thin films to make flexible 

modules [11]. The physical form of the TEG used in this study is shown in Figure 1. 

The advantages of TEG include a longer life span than that of other power generation 

systems, no moving parts, no emission of harmful pollutants during operation, no operational and 

maintenance costs, no chemical reactions with the environment (i.e. environmentally friendly), 

reliable operation, solid-state operation, and low potential use of thermal energy [12] [13]. 
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Figure 1. Physical Form of TEG [14]. 

2.1.1. Basic Principles 

The basic principle of TEG is based on the concept of the Seebeck effect of 

thermoelectric materials where the resulting voltage is directly proportional to the temperature 

gradient as shown below [15]: 

TV                   (1) 

in which α is the Seebeck coefficient (V K-1) of the thermoelectric materials (TE) and ΔT is the 

temperature difference between the two surfaces of the thermoelectric generator. 

The TEG system consists of p-and n-type semiconductors in which the p-type has a 

surplus of holes and the n-type has a surplus of electrons to carry electric current (see Figure 2). 

When heat flows from a hot surface to a cold surface through the thermoelectric material, the free 

charge (electrons and holes) from the semiconductor also moves. This movement of charge 

converts thermal energy into electrical energy. The typical value of the Seebeck coefficient for the 

commercially available n-type Bismuth Telluride (Bi2Te3) is - 150 × 10-6 VK-1, whereas for the p-

type Antimony Telluride (Sb2Te3)  is 101 - 161 × 10-6 VK-1 at room temperature [16] [17].  
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Figure 2. Single thermoelectric pair comprising of n-type and p-type 

material. Heat flows from hot side to top side )( CH QQ  and electrical 

current (I) is flowing from n-type to p-type material due to temperature 

gradient (ΔT = THs – TCs) [18]. 

TEG works to convert heat energy into electrical energy with a certain temperature 

difference between the two sides of the peltier. If the metal is heated at a temperature of 80oC 

while the metal temperature of heat dissipation is at 50oC, the peltier experiences a difference in 

temperature of 30oC [19]. The temperature difference causes the TEG to work. The greater the 

temperature difference, the greater the electrical energy will be produced. However, if the 

temperature difference is too large, the bismuth semiconductor material used will be damaged [6]. 

This scheme can be seen in Figure 3. 

50 oC

80 oC

(-) negative (+) positive

heat source

heat dissipation metal

heated metal

cold side of piltier

hot side of piltier

 

Figure 3. Seebeck effect on TEG [20]. 

2.1.2.  Application of Thermoelectric Power Generation 
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TEG can be divided into low power and high power generation. Low power plants can 

produce power ranging from 5 μW to 1 W, and anything from 1 W up TEG is considered high 

power generator [21] [22]. The high power generation category consists of several TEG models 

linked together to produce a large amount of power. TEGs of low power generation are used in 

biomedical, military, aerospace and long-range applications. Others are used in the medical field 

such as pacemakers and hearing aids. Electrical devices incorporated in other bodies have power 

requirements ranging from 5 µW to 1 W. They have a life expectancy of up to 5 years [3] [23]. 

TEGs of high power generation are mostly used for automobile and industrial engines, iron and 

steel, chemical, petroleum refining, forest products, and food and beverage industries which 

consume enormous amounts of energy. The power plant involves the development of a TEG waste 

heat recovery system [24]. In 1998, Nissan built the first thermoelectric power plant based on Si-

Ge elements for automobiles [25]. The Bell Solid State Thermo-electrics (BSST) group which 

includes BMW, Visteon, and Marlow Industries made further progress in 2004 with waste heat 

recovery systems from passenger vehicles [26] [27]. 

2.1.3.  Power Calculation 

For a typical TEG configuration (see Figure 3) the difference between the level of 

thermal energy entering the hot side (QH, W) and that which leaves the cold side of the 

thermoelectric pair (QC, W) is equal to the amount of power generated (P, W) by a system as given 

by [28]: 

 )( CH QQnP                 (2) 

In the above equation, n is the number of pairs of thermoelectric units in one module, and 

QH and QC are given by: 

RITTKTIαQ sCsHsHH

25,0)(              (3) 

  RITTKTIQ sCsHsCC

25,0)(              (4) 

In Equations (3) and (4),  pn   (V K-1) in which αn and αp are the Seebeck 

coefficients of the n-type and p-type material, respectively, I is the load current (A), K is the 

thermal conductance ( W K-1) of the materials, and R is the load resistance (Ω). Thermal 

conductance can be expressed as: 
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In which, kn and kp are the thermal conductivity (Wm-1K-1) of the material, A is the cross-sectional 

area (m2), l is the length (m) feet, and     is the effective length (m) of the feet. 

2.1.4.  Important Power Plant Parameters 

The thermal efficiency of any thermoelectric material depends on many parameters; 

however, the most important parameter is the dimensionless feasibility rate (ZT) [29]. The typical 

value of ZT is -1 for most thermoelectric materials [12], whereas that of Bi2Te3 is 0.8 at room 

temperature [30] [31]. This eligibility figure can be expressed as 

  
k

Z


 2

                 (7) 



  Turkish Journal of Computer and Mathematics Education    Vol.12 No.13 (2021), 5350-5366 

5355 

 

 
 

     Research Article          
 

in which α is the Seebeck coefficient for n-type and p-type materials, p is the electrical resistivity 

(Ω), and k is the thermal conductivity of the thermoelectric materials. The power generation of the 

thermoelectric module also depends on the TEG geometry, cross-sectional area (A), length of feet 

(l), hot (THs) and cold (TCs) surface temperatures, material internal resistance (Rin), and number of 

pairs (n) in one. module. The effects of the area’s and the length’s changes on the power 

generation of thermoelectric materials are particularly sensitive. To demonstrate this effect, the n-

type Bi2Te3 and p-type Sb2Te3 were selected by means of numerical analysis [32] using material 

properties, as given in Table 1, the effect of area and length on the modeled power plant (P, W), 

surface power density (Surface power density refers to power per unit cross-sectional area of feet, 

W cm-2), and current (I, A). 

 

Table 1. The Properties of the Materials Used for Numerical Analysis [33] [34]. 

type-n : Bi2Te3 type-p : Sb2Te3 

αn =  -195 × 10-6 V K-1 

ρn =  1.35 × 10-3 Ώ cm 

Zn =  2.05 × 10-3 K-1  

αp = 230 × 10-6 V K-1 

 ρn = 1.75 × 10-3 Ώ cm 

Zp = 2.5 × 10-3 K-1 

 

2.2. TEG Application for Self-heating Power Plants 

TEG applications for Self-heating Power Plants can be made in the form of a box diagram 

as shown in Figure 4. 

T E G

5 Volt dc / 2 - 3 Ampere 30 Volt dc / 2- 3 Ampere

Box 1

Heater

30 Volt dc /15 Ampere 250 Volt ac /15 Ampere

Box 3

Box 2

30 Volt dc /15 Ampere

Accumulator

30 Volt dc/ 100 Ah

Inverter

750 Watt220 Volt ac
Load

50 Watt/220 Volt ac

Current Booster

 Circuit

Step Up

 Circuit I

Step Up

 Circuit II

Step Down

 Circuit 

 

Figure 4. Diagram of TEG Application for Self-heating Power Plants. 

Box 1 contains a circuit : 

Heater of 50 Watt / 220 Volt ac to heat metal plates in the form of aluminum. The heat 

from the aluminum is then transferred to the hot side of the TEG piltier. And the cold side the TEG 

piltier is placed on the heatsink (as a metal heat dissipation). Half or more of the heatsink is 

submerged in water. The temperature of the heated metal and the temperature of the heat 

dissipation metal is with a certain difference. Then the temperature difference causes TEG to start 

working which releases a voltage and current of 5 Volts dc and 2-3 Amper. 

Box 2 consists of: 

• Step Up Circuit 1 

The voltage generated by the two connecting copper sides, namely 5 Volts on the 

thermoelectric in Box 1, will be increased by the Step Up Circuit 1 in Box 2. The Step Up  Circuit 

1 is a circuit that can increase the input voltage (Vin) to a higher one. Here the input voltage Vin 

will always be smaller than Vout (Vin < Vout). This circuit is called a step-up circuit, because what is 
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input is the dc voltage (Vin) and the output is also the dc voltage (Vout), so this circuit is called the 

Step Up DC To DC Converter.  

• Current Booster Circuit 

The Current Booster Circuit is a circuit that functions to increase a small input current 

into a large output current, where the output current (Iout) can be adjusted according to need. This 

circuit uses a current-increasing transistor TIP 3055. This transistor has a maximum current 

capacity of 15 Amper with a voltage of 60 Volts [35]. 

The output current of the Step Up Circuit 1 is still very small, ranging from 2 Amper to a 

maximum of 3 Amperes. This Current Booster Circuit is used to increase the current up to 15 

Amper with a working voltage of 30 Volt dc.. 

• Step Up Circuit 2 

The Step Up Circuit 2 or called the High Voltage Boost Converter Circuit is a circuit for 

increasing and changing the voltage that can increase and change the small input voltage ranging 

from 12 Volts dc to 30 Volts dc to output voltages ranging from 100 volts ac to 1000 volts ac 

depending on needs. The input and output currents are constant at 15 Amperes in a design of a 

high voltage boost converter with a maximum power of 500 Watts. 

• Step Down Circuit  

The Step Down Circuit or completely called Step Down Voltage Regulator Circuit is a 

device that can reduce the voltage in which the input voltage is higher than the output voltage. The 

output voltage will remain stable / well regulated, even though the input voltage fluctuates as long 

as it is within the recommended input voltage range [36]. The designing of this system involves 

designing a device that can reduce a stable voltage with a constant current using IC LM 2596, the 

input voltage of 220 Volts ac and the output voltage of 30 Volts dc with an output current of 15 

Amper which are applied to battery charger of 9 Amper hour (Ah) in the system. IC LM 2596 is a 

monolithic regulator IC which is ideal for use as a step down switching regulator (buck converter). 

Box 3 contains a circuit : 

The output of the Step Down Circuit with a maximum current of 15 Amper and a voltage 

of 30 Volts dc in Box 2 is the input for the accumulator in Box 3 with a capacity of 100 Ah and a 

voltage of 30 Volt dc. The accumulator is connected to the inverter circuit which is used to supply 

power to the ac load and to heat the heater. The electric power in this Inverter Circuit is 750 Watts 

and a voltage of 220 Volts ac. 

2.3.  Linear Regression With Two Variables 

Generally, the problem of a research that uses linear regression analysis is that it requires 

more than one independent variables. It is quite complicated to determine its mathematical model 

[37]. This mathematical model is useful for predicting responses to future events [38]. Look at the 

mathematical model of the regression analysis with two independent variables, for example, x1 and 

x2 as follows.  

iiii xxY   22110                           (8)
  

The assumption taken in this model is that x1 and x2 do not have a distribution while εi has an N 

distribution (0, σ2). Now β0, β1, and β2 will be estimated and will be represented by b0, b1, and b2. 

By means of the least squares method in estimating the values of β0, β1, and β2, they can be 

obtained by minimizing the quadratic form. 

2

22110
11

2 )( ii

n

i
i

n

i
i xxyJ  



                               (9) 

This minimum is obtained by finding the derivative J with respect to β0, β1, and β2 then equating 

each of these derivatives with zero. In the following calculations β0, β1, and β2 are directly replaced 
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by estimating b0, b1, and b2. From the derivative with respect to β0, β1, β2 by simplifying and 

substituting the regression coefficients in the estimate is 
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If arranged in the form of a matrix, Equation (10) takes the form of  
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If X 'X is not singular then Equation (11) becomes 

 YXXXb ')'( 1                     (12) 

2.3.1.  Correlation Coefficient With R2 

After estimating the regression equation from the data, the next problem faced is 

assessing the poor fit of the regression model used with the data. Before going any further, it needs 

to be realized that the dependency of the model used on the least squares method. For easier 

understanding, see Figure 5. 
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Figure 5.  Making it easier to understand in  

  finding the correlation coefficient R2. 

From Figure 5,  consider the following equation 
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The third part of the right-hand segment is made equal to zero, therefore 
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if it does not raise any doubt the writing of i = 1 and n in Σ is omitted, then 
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i )ŷ(yy)ŷ()y(y            (15) 

Equation (15) is the basic equation in regression analysis and analysis of variance, the left side is 

called the total number of squares (TNS). The first part of the right-hand side is called the sum 

of the squares of the regression (SSR), and it is the variation of the response around its mean ( y

). It is not difficult to prove that  ŷ , that is the mean of iŷ , is equal to mean yi. The second part of 

the right side is called the sum of the squares of the error (remainder) and is abbreviated as SSE. 

This section measures the remainder of the total variation (TNS) that x cannot explain, or the part 

that is random in nature. Thus Equation (15) can be written as 
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            (16) 

Total Variation = Variation due to Regression + Variation due to Remainder  

TNS is used as a comparison to determine the size of SSR or SSE. Define it R2 is called the two-

variable correlation coefficient or determinant coefficient (determination). Therefore 0 ≤ SSR ≤ 

TNS, then of course 0 ≤ R2 ≤ 1. R2 = 0 if SSR = 0, or SSE = TNS, and R2 = 1 if SSR = TNS, SSE 

= 0. SSR = 0 if iŷ = y  for every I, yi is not dependent on or influenced by xi. In other words, 

knowing about xi does not help at all in predicting the value of yi (see Figure 6 (a)). Conversely, if 

SSR = TNS then yi = iŷ   for each data point. So every yi prediction is absolutely accurate, 

absolutely no one is wrong (see Figure 6 (b)). So R2 can measure the suitability of the data to the 

model. The closer R2 is to 1 the better the fit of the data to the model, and conversely, the closer R2 

is to 0 the worse the fit is. R2 is usually expressed in percent that people often use. 

.. .... .. yŷ

(a)

. . .. .
x

y y

x

bxaŷ 

(b)
 

Figure 6. (a) R2 is the smallest, and (b) R2 is the largest. 

 

2.3.2.  Table of Variance Analysis 

To determine whether the effect of an independent variable x is large or small on the 

response y requires a standard comparison which is not influenced by the merits of the model used. 

The standard benchmark is an unbiased estimator of σ2, the variance ε. Generally σ2 is not known, 

so it must be estimated. An unbiased estimate of σ2 can be obtained from the sum of the squares of 

the remainder, namely SSE/(n-2), called the mean of the squares of the remainder. The number 

n-2 is called the degrees of freedom. However, this residual square mean will only estimate σ2 

without bias if the correct model is used. If the wrong model is used, then SSE/(n-2) will estimate 

σ2 as the estimator with bias. In other words, how good the SSE/(n-2) is to estimate σ2 depends on 

the exact model used. So, the use of the mean of the residual squares as an estimate for σ2 always 

assumes that the model is correct. Of course, whether this assumption is reasonable or not should 

also be checked later, for example through an examination of the remainder. Now pay attention to 

 


n

1i

2

i

22
n

1i
i )x(xb)yŷ(SSR              (17) 

Only b is independent information in this form because   2

i )x(x  is not a random variable. So 

there is only one piece of information that needs to be assessed in SSR, because df of SSR is 1. 

The degree of freedom of SSE is a little more difficult to calculate directly. The easiest way is to 

take the difference between df of TNS and df of SSR, so df of SSE = (n-1) - 1 = n - 2. Note that 

there are 2 parameters in the simple linear model used. In general, if p states the number of 

parameters in the model, then the df of SSE  is n = p, while the df of SSR is p - 1, and the df of 

TNS is not model dependent, so df of TNS is still n -1. Table 2 shows the general form of the table 



  Turkish Journal of Computer and Mathematics Education    Vol.12 No.13 (2021), 5350-5366 

5360 

 

 
 

     Research Article          
 

of variance analysis for simple linear regression. The fourth column gives the sum of the squares 

divided by their degrees of freedom, for Regression and Remainder. The total is not written below 

on the Total line, because it does not apply to TNS. The last row provides the expectation of the 

fourth row, namely the expectation of the Average Squared Regression, E(ASR), and the 

expectation of the Remaining Squared Average, E (RSA). This row provides the test basis for β. If 

β = 0 then E(ASR)/E(RSA) = 1, but if β ≠ 0 then E(ASR)/E(RSA) > 1, because β2  2

i )x(x > 

0. In theory ASR/RSA has an F distribution with degrees of freedom 1 and n - 2, the statistical test 

can be defined as follows 

 

 

 

 

 

 

Table 2. Simple regression analysis of variance. 

Sources of 

Variations 

SS (sum of square) df (degree of 

freedom) 

SA (squared average) 
F 

Regression   2

i )yŷ(SSR

 

1 ASR = SSR/1 ASR/RSA 

 

Remainder   2

i )ŷ(ySSE

 

n-2 RSA = SSR/(n-2)  

Total   2

i )y(yTNS

 

n-1 

  

  

3.  Results and Analysis 

3.1.  Tools Design  

The design results of Figure 4 as shown in Figure 7. 

 

Figure 7. TEG Applications for Self-Heating Power Plants. 

3.2.  Measurement Results 
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The results of measuring the output voltage and the current on the accumulator with 

varying loads can be seen in Table 3. 

Table 3. The Measurement Results for the Output Voltage and  

the Current on the Accumulator. 

No. Hours 

Load  

(Watt) 

Output 

Voltage 

(Volt) 

Output Current 

(Ampere) Explanation 

1 

2 

3 

4 

5 

6 

07.00 

09.00 

11.00 

13.00 

15.00 

17.00 

130 

130 

140 

140 

150 

150 

24.66 

24.37 

24.20 

23.76 

24.02 

23.92 

11.17  

10.05 

8.38 

8.08 

9.19 

8.22 

Date  23.02.2019 

7 

8 

9 

10 

11 

12 

07.00 

09.00 

11.00 

13.00 

15.00 

17.00 

160 

160 

170 

170 

180 

180 

23.85 

23.80 

23.99 

23.62 

23.93 

23.89 

8.39 

8.25 

9.52 

8.30 

8.72 

8.58 

Date  

24.02.2019 

13 

14 

15 

16 

17 

18 

07.00 

09.00 

11.00 

13.00 

15.00 

17.00 

190 

190 

200 

200 

210 

210 

23.34 

23.16 

22.83 

22.62 

22.83 

22.25 

8.46 

7.69 

7.50 

7.78 

7.57 

7.76 

Date  

25.02.2019 

19 

20 

21 

22 

07.00 

09.00 

11.00 

13.00 

220 

220 

230 

230 

21.20 

20.51 

17.18 

15.96 

6.74 

6.18 

5.52 

4.30 

Date 

 02.03.2019 

3.3.   Analysis 

Based on the data in Table 3, a regression equation is made with the independent variable 

of load (Watt) as x1 and the outflow (Ampere) as x2, and the dependent variable of y. It is assumed 

that a linear model is directly used.    

iiii xxY   22110

 
Now one wants to estimate ,0 ,1 and 2  from the data of Table 3, one obtains 
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96,15

18,17

51,20

20,21

25,22

83,22

62,22

83,22

16,23

34,23

89,23

93,23

62,23

99,23

80,23

85,23

92,23

02,24

76,23

20,24

37,24

66,24

dan,

30,42301

52,52301

18,62201

74,62201

76,72101

57,72101

78,72001

50,72001

69,71901

46,81901

58,81801

72,81801

30,81701

52,91701

25,81601

39,81601

22,81501

19,91501

08,81401

38,81401

05,101301

17,111301

21

YX

xx

 

One obtains the values : 

 

















460.1930.30180

930.30800.735960.3

180960.320

'XX

 

 



















068.4

795.88

500

'YX  

  














 




0,0689 0,0026 1,0134-

0,00260,0001 0,0459- 

0134,10459,04248,16

'
1

XX

 

and
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189,1

0097,0

9401,14

'

2

1

0

1







YX'XX

 

Its regression equation is  

 21 189,10097,094,14ˆ xxyi   

Based on Table 3 and its regression equation above, Table 4 can be made.    

Table 4. The value of yi of Table 3, the value of iŷ  and other  

completeness.  

Beban 

(Watt) 
ni yi yyi    2yiy   iŷ  yyi ˆ  

 2
ˆ yyi 

 

130 

130 

140 

140 

150 

150 

160 

160 

170 

170 

180 

180 

190 

190 

200 

200 

210 

210 

220 

220 

230 

230 

  1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

24,66 

24,37 

24,20 

23,76 

24,02 

23,92 

23,85 

23,80 

23,99 

23,62 

23,93 

23,89 

23,34 

23,16 

22,83 

22,62 

22,83 

22,25 

21,20 

20,51 

17,18 

15,96 

1,94 

1,65 

1,48 

1,04 

1,30 

1,20 

1,13 

1,08 

1,27 

0,90 

1,21 

1,17 

0,62 

0,44 

0,11 

- 0,10 

0,11 

- 0,47 

- 1,52 

- 2,21 

- 5,54 

- 6,76 

3,76 

2,72 

2,19 

1,08 

1,69 

1,44 

1,28 

1,17 

1,61 

0,81 

1,46 

1,37 

0,38 

0,19 

0,01 

0,01 

0,01 

0,22 

2,31 

4,88 

30,96 

45,70 

26,96 

25,63 

23,55 

23,19 

24,41 

23,26 

23,36 

23,20 

24,61 

23,16 

23,56 

23,40 

23,16 

22,24 

21,92 

22,25 

21,90 

22,13 

20,82 

20,15 

19,27 

17,82 

4,23 

2,90 

0,82 

0,46 

1,68 

0,53 

0,63 

0,47 

1,88 

0,43 

0,83 

0,67 

0,43 

- 0,49 

- 0,81 

- 0,48 

- 0,83 

- 0,60 

- 1,91 

- 2,58 

- 3,46 

- 4.91 

17,89 

8,41 

0,67 

0,21 

2,82 

0,28 

0,40 

0,22 

3,53 

0,19 

0,69 

0,45 

0,19 

0,24 

0,66 

0,23 

0,69 

0,36 

3,65 

6,66 

11,97 

24,11 

5,11in

 
  72,22y  

 
05,0

  yiy
 

 
66,76

2



  yiy

 

73,22ˆ iy

 

 
11,0

ˆ



  yiy

 

 
52,84

2
ˆ



  yiy

 

The table of its variance analysis is shown as Table 5.  

Table  5. Variance Analysis of Table 4. 

Sources SS df SA F 

Regression 84.52 1 84.62 215.06 

Remainder 7.86 20 0.393  

Total  76.66 21   

  

From the point of view of R2, it is clear that this model is the most perfect or the best model that 

can be made in predicting the loading on the Thermoelectric Generator Application system for 

Power Generation. 
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4.  Conclusion 

Based on the results of the calculation a mathematical model is obtained:  ŷi = 

14.94 – 0.0097 x1 + 1.189 x2  to be used to estimate the maximum load on the system, so 

that the system can avoid exceeding this load in order that the accumulator can work 

continuously or at least work for a long time. By using this mathematical model, then x 1 

= 200 (load variable, Watt) and x2 = 7.78 (current variable, Amper), then the voltage ŷ i 

= 22.250 volts. If the system is loaded with more than 200 Watts, then the yellow 

accumulator output voltage indicator light gives a signal that the voltage is at a c ritical 

point. 

Referensi 

[1]  Nesrine Jaziri, Ayda Boughamoura, Jens Muller, Brahim Mezghan, Fares Tounsi, 

Mohammed Ismail, “A comphrehensive review of Thermoelectric Generators: 

Technologies and common applications”, Energy Reports, 2019.    

[2]  A. Proto, D. Bibbo, M. Cerny, D. Vala, V. Kasik, L. Peter, S. Conforto, M. Schmid, 

M. Penhaker, “Thermal energy harvesting on bodily surface of arms and legs 

through a wearable thermo-electric generator”, Sensors 18 (6), p 1-17, 2018.  

[3]  P. Bamroongkhan, C. Ler tsatitthanakorn, S. Soponronnarit, “Experimental 

performance study of a solar parabolic dish photovoltaic -thermolectric generator”, 

Energy Procedia, 10 th International Conference on Applied Energy (ICAE2018), 

22-25 August 2018, Hong Kong, China, 158 : 528-533, 2019. 

[4]  Gerlinger M et al, “Intratumor heterogeneity and branched evolution revealed by 

multiregion sequencing”, N Engl J Med, 366(10):883 -92, 2012. 

[5]  Vazquez  J  et al, “State of The Art of Thermoelectric Generator Based on Heat 

Recovered from The Exhaust Gases of Automobile”, Proceeding of 7 th European 

Workshop on Thermoelectric, Pamplona, Spain, 2002.  

[6]   Saptoadi H & Sugiyanto, “Thermoelectric Generator as an additional Energy 

Source for Motorcyle Engine”, Proceeding of 5 th Regional on New and Renewable 

Energy, Hanoi, Vietnam, 2012. 

[7]  Gould CA, Shammas NYA, Grainger S, Taylor I, “A comprehensive review of 

thermoelectric technology, micro-electrical and power generation properties”, In: 

Proceedings of the 26 th international conference of the microelectronics, MIEI, p 

329-332, 2008.   

[8]  Gould CA, Shammas NYA, “A review of thermoelectric mems devices for micro -

power generation, heating and cooling applications”, In : Proceedings of the micro 

electronic and mechanical systems”, InTech, Olajnica 19/2, 32000 Vukovar, 

Croatia, p 15-24, 2009.  

[9]  Suemori K, Hoshino N, Kamata T, “Flexible and lightweight thermoelectric 

generators composed of carbon nanotube-polystyrene composites printed on film 

substrate”, Appl Phys Left, 103 : 1-4, 2013. 

[10] Mahalakshmi P, Kalaiselvi S, “Energy harvesting from human body using 

thermoelectric generator”, Int J Adv Res Electr, Electron Instrum Eng, 3 : 9486 -92, 

2014. 

[11] Pritesh Gokhale, Bavin Loganathan, James Crowe, Ashwin Date, Abhijit Date , 

“Development of thermoelectric cells performance investigation of thermoelectric 

materials for power generation”, Energy Procedia, 110 : 281 -285, 2017. 

[12]  Hea W, Zhang G, Zhang X, Ji J, Li G, Zhao X, “Recent development and 

application of thermoelectr ic generator and cooler”, Appl Energy, 143 : 1 -25, 

2015. 



  Turkish Journal of Computer and Mathematics Education    Vol.12 No.13 (2021), 5350-5366 

5365 

 

 
 

     Research Article          
 

[13]  Ullah KR, Saidur R, Ping HW, Akikur RK, Shuvo NH, “A review of solar thermal 

refrigeration and cooling methods”, Renew Sustain Energy Rev, 24 : 499 -513, 

2013.    

[14]  Orr B, Singh B, Tan L, Akbarzadeh A, “ Electricity generation from  exhaust heat 

recovery system utilising thermoelectric cells and heat pipes”, Appl Therm Engin, 

73 : 586-595, 2014.    

[15]  Song Lan, Zhijia Yang, Rui Chen, Richard Stobart, “A dynamic model for 

thermoelectric generator applied to vehicle waste heat recovery”, Applied Energy, 

210 : 327-338, 2018.   

[16]  Zuoming Qu, Haoning Shi, Xingfei Yu, Qiuwang Wang, Ting Ma, “Optimization 

of thermoelectric generator integrated recuperator”, Energy Procedia, 10 th 

International Conference on Applied Energy (ICAE2018), 22-25 August 2018, 

Hong Kong, China, 158 : 2058-2063, 2019. 

[17]  Zheng Z, Fan P, Luo J, Liang J, Zhang J, “Enhanced thermoelectric properties of 

antimony telluride thin films with preferred orientation prepared by sputtering a 

fan-shaped binary composite target”, J Elctron Mater, 42 : 3421 -5, 2013.    

[18]  O.M. Al-Habahbeh, A. Mohammad, A. Al-Khalidi, M. Khanfer, M. Obeid, 

“Design optimization of a large-scale thermoelectric generator”, Journal of King 

Saud University-Engineering Sciences, 30(2) : 177-182, 2018. 

[19]  Raihan A, Siddique M, Mahmud S, Heyst BV, “A review of the state of the 

science on wearable thermoelectric power generators (TEGs) and their existing 

challenges”, Rene and Sustain Energy Rev, 73 : 730 -744, 2017. 

[20]  Rowe  DM, “CRC Handbook of Thermoelectrics”, CRC Press, 1995.  

[21] Sohel Rana, Bradley Orr, Arbab Iqbal, Lai Chet Ding, Aliakbar Akbarzadeh, 

Abhijit Date, “ Modelling and optimization of low-temperature waste heat 

thermoelectric generator system”, Energy Procedia, 110 : 196-201, 2017.  

[22] Twaha S et al, “A comprehensip review of thermoelectric tehchnology: materials, 

applications, modeling and performance improvement. Renew Sustain Energy Rev, 

65:698-726, 2016. 

[23]  Vullers R et al, “Micropower energy harvesting” Solid -State Electr 53(7) : 648-

93, 2009. 

[24]  Commission E, “Critical raw materials for the EU”, Report of the Ad -hoc 

Working Group on defining critical raw materials, Ad -hoc Working Grou, p 84, 

2010. 

[25]  Liu X et al, “An energy-harvesting system using thermoelectric power generation 

for automotive application”,  Int J Electr Power Energy Syst, 67:510 -16, 2016. 

[26]  LaGrandeur J et al, “Automotive waste heat conversion to electric power using 

skutterudite”, TAGS PbTe and BiTe,  In: 2006 25th international conference on 

thermoelectric IEEE, 2006. 

[27] Wei-Hsin Chen, Yi-Xian Lin, “Performance comparison of thermoelectric 

generators using different materials”, Energy Procedia, 158 : 1388 -1393, 2019. 

[28] Xiaonan Ma, Gequn Shu, Hua Tian, Haoqi Yang, Tianyu Chen, “Optimization of 

length ratio segmented thermoelectric generators for engine’s waste heat 

recovery”, Energy Procedia, 10 th International Conference on Applied Energy 

(ICAE2018), 22-25 August 2018, Hong Kong, China, 158 : 583-588, 2019. 



  Turkish Journal of Computer and Mathematics Education    Vol.12 No.13 (2021), 5350-5366 

5366 

 

 
 

     Research Article          
 

[29]  Hamid Elsheikh M, Shnawah DA, Sabri MFM, Said SBM, Haji Hasan M, Ali 

Bashir MB, “A review on thermoelectric renewable energy: principle parameters 

that affect their performance”, Renew Sustain Energy Rev, 30:337 -55, 2014.   

[30]  Tritt TM, Subramanian MA, “Thermoelectric materials, phenomena, and 

applications a bird’s eye view”, MRS Bull, 31:188 -98, 2006. 

[31] Yurong Yang, Shixue Wang, Wei He, “Simulation study on regenerative 

thermoelectric generators for dynamic waste heat recovery”, Energy Procedia, 158 

: 571-576, 2019. 

[32]  Song Lan, Zhijia Yang, Richard Stobart, Rui Chen, “Prediction of the fuel 

economy potential for a skutterudite thermoelectric generator in light -duty vehicle 

applications”, Applied Energy, 231 : 68 -79, 2018.   

[33] Yang Y, Wei X-J, Liu J, “Suitability of thermoelectric power generator for 

implantable medical electronic devices”, J Phys D Appls Phys, 40:5790 -800, 2007. 

[34]  Ding Luo, Ruochen Wang, Wei Yu, Zeyu Sun, Xiangpeng Meng,  “Theoretical 

analysis of energy recovery potential for different types of conventional vehicles 

with a thermoelectric generator”, Energy Procedia, 10 th International Conference 

on Applied Energy (ICAE2018), 22-25 August 2018, Hong Kong, China, 158 : 

142-147, 2019. 

[35]  Foulsham W, Co Ltd, “Towers’ International Transistor Selector”, 1996. 

[36] Smrithi Radhakrishnan, Venugopal LV, Vanitha M. Hardware Implimentation of 

Linear Current Booster for Solar Pumping Applications. ARPN Journal of 

Engineering and Applied Sciences. 2016; 11(1): 1124-1126.   

[37] Xin Yan, Xiao Gang Su “Linear Regression Analysis, Theory and Computing”, 

World Scientific, 2009. 

[38]  Ronald E Walpole, Raymond H Myres, “Probability And Statistics For Engineers 

And Scientists”, Edisi Keempat, Penerbit ITB Bandung, 1990 

 

 

 

 

 

 


