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Abstract. In this work we have developed a combined heat and power (CHP) prototype that operates at 2000 × 
concentration based on reflective optics. The receiver consists of a InGaP/InGaAs/Ge triple-junction solar cell in thermal 
contact with an aluminium heat sink driving a forced water flow. This CHP system was tested both indoor (DNI of 
650 W/m2) and outdoor (DNI of 900 W/m2 ) under different conditions of fluid parameters as the flow rate (ranging from 
0.2 liters/min to 1.2 liters/min) and temperature (ranging from 25 °C to 60 °C). Electrical and thermal power were 
determined by acquiring IV curves and by measuring the heat subtracted from the cell while it delivered the maximum 
electrical power, respectively. The obtained results demonstrate that this CHP system achieves a total efficiency of about 
80%, shared between the electrical (30%) and the thermal one (50%). 

INTRODUCTION 

The increase of the illumination level is a crucial requirement to the success of high concentration photovoltaics 
(HCPV) since it guarantees a reduction of components (cells, optics, heat exchangers) and costs [1]. On the other 
side, working at an extremely high solar concentration, exceeding 1000 suns, is also advantageous because of the 
adoption of a cooling system that captures the waste heat thus increasing the overall efficiency. Actually, many 
commercial systems use flat silicon plate collectors to obtain an electrical output with low efficiency (10-20%) and 
extract heat suitable for domestic water heating but inadequate for industrial uses or to drive absorption chillers for 
polygenerative applications [2]. In contrast, combined heat and power (CHP) hybrid solar systems are promising to 
exploit the concentrated solar power by collecting, in addition to the electric output of the multi-junction cells 
(efficiency larger than 40%), also the thermal (T) energy in the form of hot fluid (typically water) by heat 
exchangers behind the cells. This potentiality stimulates the effort to develop PV/T hybrid technology combining a 
high performance and reliability with a low cost of production [3]. In the framework of the FAE “Fotovoltaico ad 
Alta Efficienza” (“High Efficiency Photovoltaic”) Research Project funded by the Sicilian Region under the 
program PO FESR Sicilia 2007/2013 4.1.1.1, we have realized and tested a CHP prototype [4]. In this work we 
report the analysis of its performances, both electrical and thermal, on varying the fluid parameters as the flow rate 
and temperature. 
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