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Development of Thermoelectric Elements and Modules Design Technology to Realize High Efficiency Power Generation

- Development of Thermoelectric Product Support System Combining First-Principles Calculation and Multi-Physics CAE -

Takeshi TOYODA, Akinari MATOBA, Masanobu MIYATA and Mikio KOYANO

For the purpose of improving the efficiency of the development of thermoelectric elements and their thermoelectric modules, we built
a design support system that realizes the optimization of thermoelectric module structures for power generation through the search for
materials for high-performance thermoelectric elements using computational science. In the material search, three p-type thermoelectric
element candidates were obtained from the calculation of the electronic state and electron transport coefficient of all 88 models of doped a-
MgAgSb, and effective thermoelectric material search became possible. For the thermoelectric module design, it has become possible to
obtain the optimum values of the element cross section and height for the combination of various p-n thermoelectric materials from the
approximate analysis based on the Boltzmann transport equation. In addition, a finite element analysis model that determines the power
generation characteristics from the actual thermoelectric module shape has been created, making it possible to design optimization that take
into account the size and output characteristics of the heat source.

Keywords : thermoelectric materials, thermoelectric modules, first-principles calculations, finite element analysis
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