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Generation Efficiency and Thermal Performance of a Thermoelectric Generator

with a High Power Electronic Component
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Abstract: This paper reports the generation efficiency and the thermal performance of a thermoelectric
generator (TEG) harvesting energy from the waste heat of high power electronic components. A
thermoelectric (TE) model containing thermal boundary resistances is used to predict generation efficiency
and junction temperature of a high power electronic component. The predicted results are verified with
measured values, and the discrepancy between prediction and measurement is seen to be moderate. The
verified TE model predicts generation efficiencies, junction temperatures of the component, and temperature
differences across a TEG at various source heat flows associated with various electrical load resistances.
This study explores effects of the load resistance on the generation efficiency, the temperature difference
across a TEG, and the junction temperature.

Key words: Thermoelectric, Thermoelectric generator, TEG, Energy harvesting, Waste heat
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Figure 1: Structure of thermoelectric model
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Figure 2: Experimental setup
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Table 1: Parameters for prediction [10]
Basic Parameters
Parameter Symbol Value
Pellet height H 1.78 mm
Pellet cross sectional area Ap 0.98 mm’
Number of thermocouples N 127
Evaluated Parameters
Parameter Symbol Value

Thermal resistance between KW

junction and TEG hot side G 33

Thermal resistance between w

TEG cold side and ambient Yea b

Material Properties of Pellet

Parameter Symbol Value
Seebeck coefficient a 4 x 10*V/K
Electrical resistivity P 2 x 10°Q-m
Thermal conductivity k 2.1 W/m-K

Thermal and Electrical Conditions

Parameter Symbol Value

Ambient temperature Ta 23 °C
Electrical contact esistivity R 1 x10° Q

at pellet interface P -m?
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Figure 3: Predicted and measured efficiencies as a
function of load resistance at a source heat rate of
20W
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Figure 4: Predicted and measured excess junction
temperatures as a function of load resistance at a
source heat rate of 20W
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Figure 5: Predicted efficiencies as a function of load
resistance at various source heat rates ranging from
5W to 25W
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