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Thermoelectric effect offers an effective solution for waste heat recovery. Optimization of
thermoelectric materials reqiures description of the electrical and thermal transport proper-
ties from first principles. Thermal conductivity is governed by the phonon lifetime and it is
important to determine the influence of microscopic effects due to alloying, nanostructuring,
and grain boundaries on the macroscopic transport coefficients of the system. We show how
density-functional theory, with the help of the Boltzmann transport formalism and quasi-
harmonic analysis, can deliver predictive accuracy in calculating thermal conductivity of
single-crystal, alloyed and nanostructured materials. Our method combines first-principles
determination of harmonic force constants with the use of model potentials for calculating
higher order anharmonic response terms. The latter gives the main contribution to phonon
scattering at high temperatures. We validate our scheme by the comparison of the heat
conductivity in SiGe alloys with available experimental data. Analysis of the grain size
effects is carried out by introducing boundary scattering terms and using Matthiessen rule.
We apply this methodology to analyze grain size effects in binary skutterudites CoSb3. We
also calculate the electrical conductivity and Seebeck coefficient of CoSb3 using a constant
electron lifetime approximation. These transport coefficients are sensitive to the electronic
band structure, and we stress the importance of using the GW quasiparticle energies as
opposed to the DFT Kohn-Sham eigenvalues.
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