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Abstract A hybrid system formed by a photovoltaic module and a thermoelectric module has a great potential to enhance the solar—to—
electricity efficiency. A mathematical model based on the first law of thermodynamics and the heat transfer analyses of the hybrid system
is built, where the overall efficiency of the system is enhanced by optimizing the system as a whole. The model is used to study hybrid
systems formed by commercially available photovoltaic modules and thermoelectric modules. It is found that, due to a limited incoming
heat flux for the thermoelectric module, the overall performance of the hybrid system depends not only on the intrinsic properties of the
materials forming such a hybrid system, but also on their working conditions, such as incoming solar radiation, geometry of each module,
and interfacial properties. The results indicate that only photovoltaic modules with low temperature coefficient and low efficiency can truly
benefit from forming such hybrid system, and the optimization of a hybrid system must be done as a whole.
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Table 1 Efficiency and temperature coefficient of the solar
cells under standard testing conditions

/K 25C 1%
-0.00080 20.7
-0.00056 11.9
-0.00075 16.3
-0.00025 10.1
GaAs —-0.00038 31.2
CIGS -0.00058 17.6
CdTe -0.00026 10.5
np
50%, 0.01lm, (13)
( ) ,
3 o
(0.58%), (041%), (0.88%),
(1.1%), (0.12%), (0.51%),
(1.0%) o ,
(-0.038%/K) )
(-0.080%/K)

function of the temperature of the PV cell, calculated
according to the complex model. Here, the temperature of
the cold-end of the thermoelectric system is fixed at 25C
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Fig. 4 Efficiency of hybrid system (CdTe PV cel+TE module) as a function of various parameters of the TE
module (i.e., thickness(a), cross section(b), electric resistivity(c) and thermal conductivity(d))
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