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Abstract 

The paper presents the creation of a parametric model and simulation of a thermoelectric generator (TEG), which should be 

supplemented by a photovoltaic panel. Such a modification should be used in an Grid-Off system. 
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1 Introduction 

This paper presents the possibility of adding a thermoelectric generator (TEG) to a photovoltaic panel, which 

is shown in Fig. 1. 

 

 
Fig. 1 Addition photovoltaic panel (PV) thermoelectric generators (TEG) 

 

2 Thermoelectric generator (Seebeck effect) 

The thermoelectric phenomenon comprises three separate phenomena called the Seebeck effect, the Peltier 

effect and the Thomson effect. [1],[2] 
 

Heat conduction can be expressed by the equation (1) 
 

𝜌𝐶𝑝
𝜕𝑇

𝜕𝑡
− ∇ ∙ (𝑘 ∙ ∇𝑇) = 𝑄 (1) 

 
where ρ expresses the density of the material, Cp the heat capacity at the same pressure, k is the thermal 
conductivity, T is the thermodynamic temperature and Q is the heat source. 
 
Furthermore, the expression holds for the current conservative field, which can be expressed by equation (2) and 
subsequently the equation of Ohm's law is given (3): 
 

∇ ∙ 𝑱 = 0 (2) 
 

𝑱 = 𝜎𝑬 (3) 
 
where J is the current density, σ is the electrical conductivity and E is the intensity of the electric field. 
 
The heat source that occurs in equation (1) can be expressed by the equation that expresses Joule's heat (4) 
 

𝑄 = 𝑱 ∙ 𝑬 (4) 
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In the case of a thermoelectric generator (TEG) we use the Seebeck phenomenon whose basic expression is 

that when two different materials are formed and a temperature gradient (T) is formed at these connected 

points, an electromotive voltage is generated when the circuit is closed is going through an electric current. This 

fact is illustrated in the following Fig. 2, which shows these two options. [3] 

 

 
Fig. 2 Seebeck effect, T1>T2, open circuit and closed with load R 

 

The electromotive force is expressed by the equation (5) 
 

𝑬𝑓 = −𝑆∇𝑇 (5) 
 

where 𝑆 is the Seebeck coefficient. [3] 
 

Furthermore, the current density in the case of the Seebeck effect can be expressed by the equation (6) 
 

𝑱 = −𝜎𝑆∇𝑇 (6) 
 

In the case of the connected load R shown in Fig. 2, it is possible to express the magnitude of the current I, the equation 

(7) 
 

𝐼 =
𝑆∆𝑇

𝑅
=

𝑆(𝑇1−𝑇2)

𝑅
 (7) 

 

Seebeck coefficient Thermal conductivity 

  
Electrical conductivity ZT 

  

Fig. 3 Graphical dependence of Seebeck coefficient, thermal and electrical conductivity and ZT, material Bi2Te3 
 

 

In the previous equations, there were constants that are in fact dependent on the material used, but also on temperature, so 

they need to be taken into account as dependencies. Specifically, the electrical and thermal conductivity and the Seebeck 
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coefficient. This is taken into account by the parameter ZT, referred to as efficiency (figure of merit), expressed by the 

equation (8) [1][4][5] 

 

𝑍𝑇 =
𝜎𝑆2𝑇

𝑘
 (8) 

 
Therefore, when using TEG, it is necessary to apply such materials to maximize ZT efficiency. We encounter materials 

where electrical conductivity is satisfactory, but thermal conductivity is unsatisfactory, or vice versa, but still in contradiction. 

Therefore, materials that are composed of multiple materials or semiconductors are used, but also as composite materials. If 

semiconductors are used, this is a combination of P-type and N-type semiconductor, which depends on the predominant 

conductivity of electrons (N-type) or holes (P-type). The materials used are: BiSbTe, MgAgSb, PbTeS, SnSe, BiTeSe, 

AgPbSbTe, SiGe, Bi2Te3 and other. [6][7][8][9] 

 
As an example, Fig. 3 shows the dependence of electrical, thermal conductivity, Seebeck constant and material efficiency 

Bi2Te3. [8][10][11][12] 

 

3 Parametric model and simulation of Thermoelectric generator 
A parametric model was created, which contains type P and N type Bi2Te3 semiconductor materials. Simulation was 

performed for different temperature gradients and the generated voltage was evaluated. The simulation took into account the 

change in model parameters related to the width (square section) and the height of the material. This model together with the 

electrical potential display is shown in Fig. 4. 

 

  
Fig. 4 TGM model with type P and type N semiconductor and potential shown 

 
Simulation generated voltage values for various temperature gradients, heating temperature values of 50 to 80 °C with 

steps 10 °C and colder side temperatures of 20, 30 and 40 °C. In the model, simulations were performed for different sizes of 

semiconductor composite material. The simulated values are shown in Fig. 5 - 8. 

 

  
Fig. 5 Simulated TEG parametric model, width 1 mm, height 10 mm 
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Fig. 6 Simulated TEG parametric model, width 2 mm, height 10 mm 

 

  
Fig. 7 Simulated TEG parametric model, width 2 mm, height 5 mm 

 

  
Fig. 8 Simulated TEG parametric model, width 1 mm, height 5 mm 

 

4 Description of achieved results 
From the simulated data obtained Fig. 5-8 of the parametric model shows that the highest stress values were obtained for 

material dimensions with a square section of 1 mm and a height of 10 mm, but did not differ greatly from the others. 
 

From the application point of view, the amount of TEG energy obtained is important. These data are also obtained by 

simulation, which is shown in Fig. 5-8. The highest values were obtained from a simulation of a third parametric model with 

Bi2Te3 type P and type N semiconductor material, where the semiconductor material represented a block of 2 x 2 x 5 mm. 

The conductive contacts were 0,1 mm copper, on which there was still an insulating layer of alumina with a thickness of 0,2 

mm. 
 

Considering a photovoltaic panel with dimensions of 1640 x 992 x 35 mm, which we then cover with a TEG whose area 

would be 2 x (2,5 x 2,5 mm), what it represents 12,5 mm2, theoretically it would: 
 

𝑆𝐹𝑉 = 1,64 ∙ 0,992 = 1,62688 m2 (9) 
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𝑆𝑇𝐸𝐺 = 12,5 ∙ 10−6 m2 (10) 
 

𝑁𝑡 =
𝑆𝐹𝑉

𝑆𝑇𝐸𝐺
=

1,62688

12,5∙10−6
= 130150,4 ≅ 130150 pieces (11) 

 

where 𝑁𝑡 is theoretically achievable value. Practically, it should be taken into account that the TEG will not represent one 

continuous unit of 𝑁𝑡 with the 𝑆𝐹𝑉 area, but will be realized rather than the TEG of a smaller area with the corresponding 

amount of TEG formed by a pair of type P and type N semiconductor material, 50 x 50 mm would contain 200 semiconductor 

pairs. 
 

Furthermore, an 𝑆𝐹𝑉 area coverage of 95 % and 90 % was considered. The simulated supply power values are shown in 

Fig. 9. 
 

95 % 𝑺𝑭𝑽 90 % 𝑺𝑭𝑽 

  
Fig. 9 Simulated TEG Power Supply 

 

 

The power calculation was performed by applying a load 𝑅 (shown in Fig. 10) to the TEG, then the power can be 

expressed as 
 

𝑃 = 𝑈 ∙ 𝐼 =
𝑈2

𝑅
 (12) 

 

Considering the geometric dimensions of the load with area S, length l and electrical conductivity σ, equation (12) can be 

written as  
 

𝑃 =
𝜎𝑈2𝑆

𝑙
 (13) 

 

 
Fig. 10 Simulated TEG with load R 
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Temperature Electric Potential 

  
Fig. 11 Display of temperature difference and electrical potential of the parametric TEG with load R 

 

 

5 Conclusion 

This paper presents the use of a thermoelectric generator as an additional power source in island systems. The 

simulations carried out on the parametric model show that under normal conditions the performance comparable to 

that of photovoltaic panels would be achieved. 
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