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Performance study of hybrid thermoelectric solar collector with compound parabolic

concentrator

Abstract

The hybrid thermoelectric solar collectors are investigated in this study, which divide in

four main parts as follow:

First, a hybrid TE solar air collector with flat-plate reflectors has been developed and
tested. The TE solar collector was composed of transparent glass, air gap, an absorber plate,
thermoelectric modules, rectangular fin heat sink and two flat plate reflectors. The flat plate
reflectors were placed on two sides of the TE solar collector (east and west directions). The
direct and reflect incident solar radiations heat up the absorber plate so that a temperature
difference is created between the thermoelectric modules that generate a direct current. Only a
small part of the absorbed solar radiation is converted to electricity, while the rest increases the
temperature of the absorber plate. The ambient air flows through the heat sink located in the
lower channel to gain heat. The heated air then flows to the upper channel where it receives
additional heating from the absorber plate. Improvements to the thermal energy and electrical

power outputs of the system can be achieved by the use of the double pass collector system

with reflector and TE technology. It was found that the optimum position of the reflectors is 60°,
which gave significantly higher thermal energy and electrical power outputs over the TE solar

collector without reflectors.

Second, Analysis of energy and exergy has been performed for a double-pass
thermoelectric solar air collector. Energy analysis, which is based on the first law of
thermodynamics, and exergy analysis, which is based on the second law, were applied for
evaluation of the system efficiency. It was observed that the thermal efficiency increases as
the air flow rate increases. Meanwhile, the electrical power output and the conversion efficiency
depended on the temperature difference between the hot and cold side of the TE modules. At a
temperature difference of 22.80C, the unit achieved a power output of 2.13 W and the

conversion efficiency of 6.17%. The exergy efficiency varies from a minimum of 7.4% to a

maximum of 8.4%, respectively.



Third, performances and economic analyses of a hybrid thermoelectric (TE) solar water
heater have been studied. The hybrid TE solar water heater was composed of transparent
glass, air gap, an absorber plate, thermoelectric modules, water cooled heat sinks and storage
water tank.. The experiment shows that the thermal and overall efficiencies increase as the

water flow rate increases. The maximum and overall efficiencies were 74.9 and 77.3%,

respectively, at the water flow rate of 0.33 kg/s. At a temperature difference of 27.1 °c, the unit
achieved a power output of 3.6 W. Moreover, economic analysis indicates that the payback
period of the hybrid TE solar water heater operates at the water flow rate of 0.33 kg/s is shorter

and higher IRR.

Finally, a hybrid TE solar air collector with flat-plate reflectors has been developed and
tested. Results shows that the maximum power output of 1.03 W and the electrical-power
generation efficiency of 0.38% were obtained when the temperature difference was 12°C.
Meanwhile, the thermal efficiency increases as the water flow rate increases. The maximum

thermal efficiency was 43.3% corresponding to the water flow rate of 0.24 kg/s.
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