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Example: forging process 

Forging temperature of steel: 
1200°C 
Heating needs about 500000 kJ/t 
That corresponds to about 0.5 MWh/t 
 
20% of the heat is lost radiative after the 
process within the first minute of cooling 
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>1300 °C 

process data 

a) Material cart and bar 
magazine 

b) Induction-heating facility 
c) Forging unit 
d) Unloading/cooling belt 

 

http://de.wikipedia.org/wiki/Grad_Celsius
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process data 
• About 200 parts of 3kg at a time 

on the belt 
 

• Cooling from 1200°C to 800°C 
 

• Heat loss of about:  
 

 Eloss =Csteel*m*∆T 
 
 0,477kJ/(kg K)*600kg*400K 
 
 = 114480 kJ 

 
• 90% radiative heat loss 
 5m² area, cooling time 60s 
 results in  
 400kW/m² radiation heat 

 
 

http://de.wikipedia.org/wiki/Grad_Celsius


Forging process  
temperature 

550 °C 

630 °C 

680 °C 

740 °C 

780 °C 

810 °C 

850 °C 

900 °C 

950 °C 

1000 °C 

1100 °C 

1200 °C 

>1300 °C 

Coupling TEG 

Kühlkörper 

Thermal coupling 
KH 

Thermal coupling 
KC 

TH 

THI 
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TC 

I, V 

QH 

QC 

Hot ambient 

Cold ambient 

TE- 
module 

Ptherm= 100 kw 
Pelectr.= 4 kw 

http://de.wikipedia.org/wiki/Grad_Celsius


The task: system integration 



p- und n-Typ Material 
-> elektrisch in Reihe 
-> thermisch parallel 

 
Seebeck-Koeffizienten 
αn und αp 

U0 = α* (TH-TK) 
Spezifische Leitfähigkeit 
σn und σp 
Thermische Leitfähigkeit 
λn und λp 

Peltier-Koeffizient 
JQ= Π*I 
Kelvin Gleichung 
α=Π/T 

 
αp, σp, 
λp 
 

αn, σn, 
λn 

Wärmequelle T1 

Wärmesenke T2 

RL 

TZT
λ
σα 2

=Güteziffer 

Thermoelektrische Kenngrößen 



Messungen an 
Modulen 



Coupling TEG – cold side 

Kühlkörper 

Thermal coupling 
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module 

Cold side coupling with liquid 
 
But cold side very sensitive to heat transfer as 
well 
 
Drifting temperature at cold side 
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Tcold [°C] 

∆T= 150K 

10% decrease 
of efficiency 



Dependence of the efficiency of a module on Tcold 
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Tcold [°C] 

Thot= 200°C

Thot= 250°C

20% decrease 
of efficiency 



Option heat to cool 

Kühlkörper 

Thermal coupling 
KH 

Thermal coupling 
KC 

TH 

THI 
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TC 
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QH 
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Hot ambient 

Cold ambient 

TE- 
module 

150 kW heat  100 kW cooling @7°C 
 
Pelectr. < 200W 
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summary 

100 kW radiative heat absorbed 
 
Cooling by „heat to cool“ 100 kW stabilizes 
cold side temperature, electrical 
consumption below 200W 
 
 >4% efficiency expected 

 
 4 kWelectr.  

 
 

Perspective for other processes with waste 
heat temperature up to 200°C 

http://de.wikipedia.org/wiki/Grad_Celsius


Project Partners 

 
D. Ebling: lab for thermoelectricity 
M. Adam:  E² - lab for renewable energy and energy efficiency,    
                  heat management 
D. Arlt:      lab for electric supply network feed in 
A. Benim: Modelling 
 
 
R. Herbertz: Lab for massive forming processes, phase change     
                      materials 
 
 
F. Pingel: forging company, system adoption 
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