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Abstract

A new analytical mathematical model is developedscdbing a cooled photovoltaic-
thermoelectric hybrid system. The thermoelectrictemal is a nanocomposite where the
model takes into account size-dependent non-lbeairtoelectric properties from an extended
thermodynamic point of view. The photovoltaic devigowers also the cooling system. The
model determines first the optimum thickness of pi@tovoltaic device, then studies the
influence of several size-related parameters orttiaamoelectric efficiency (also related to
the figure of merit) and finally, coupled to a cogl device, the overall efficiency. For the
photovoltaic part, the model is applied to two mate, mono-crystalline and poly-crystalline
silicon. The thermoelectric part of the model ipleggd to an n-leg nanocomposite made out
of SkyTe; nanopatrticles in a Bles matrix and of a p-leg nanocomposite made out g5&i
nanoparticles in a Bl'e; matrix. An optimal total photovoltaic device sizashbeen found to
be around 127 pm and 1.25 pm for the mono- and-@gitalline silicon, respectively,
leading to efficiencies up to 20 %, depending ontpwoltaic recombination characteristics.
With the cooling device, the overall efficiency wiasreased by up to an additional 10 % (an
increase of almost 50 %), leading to overall edicies around 25 %.
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Nomenclature

Latin script

B Auger recombination coefficient

c Velocity of light

Cpc Heat capacity

C Specific heat capacity

CL Cooling device

d, Nanoparticle size

D; Characteristic diffusion coefficient of minoritarrieri

ec Elementary charge

E Electric field

E; Energy of a physical entity

G Photovoltaic generation rate

h Planck constant

h. Heat transfer coefficient between thermoelectiegenent and cooling device
h Heat transfer coefficient at light side of photdaat device
H Heat generation

I Electric current density flux
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