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1. Abstract  

The employment of highly concentrated sunlight is a competitive recipe to significantly reduce the cost of energy 
production with respect to planar PV systems, nevertheless the choice to use high flux radiation entails a series of 
contrivances in order to minimize the ageing of the components and to reduce the losses of radiation along the sunlight 
path. Here we report our approach to optimize an HCPV module based on reflective optics and III-V multi-junction 
cells [1]. In our high CPV module based on a paraboloid reflective optics concentrator and a secondary optic element 
(SOE) lightpipe (frustum) most of the radiation losses are ascribable to: 

• the intrinsic reflectivity of the paraboloid mirror; 

• the deposition of inorganic and organic dirt on the concentrator;  

• the transmission properties of optical material and of the geometry of the frustum; 

• the deposition of inorganic and inorganic dirt on the exposed base of the frustum;  

• the transmission and the ageing of the encapsulant material that couples the frustum to the multi-junction cell. 

The following activities have been undergone to tackle each one of these critical items and choose a good combination 
of materials and components that minimize loss of radiation and diminish ageing in our high CPV module:  

• We have selected an ultra clear float glass coated with silver for the commercial paraboloid mirrors and have 
compared the performances of two mirror thicknesses (3 mm and 4 mm) by measuring the normal incidence 
reflectivity at 650 nm, and the efficiency of the light concentration by a full paraboloid surface (45cm × 45cm).  

• It is well known that dust and soil deposited on the mirror surface absorb light decreasing considerably the 
reflectivity, for this reason the use of a self-cleaning coating is advised [2]. To test the efficiency of self-cleaning 
coatings, made up of silica and titania nanoparticles, a series of mirror tiles, on which the coatings were deposited, 
have been exposed to atmospheric agents for months and the reflectivity at 650 nm has been measured up to a 
timescale of about half an year to check the effectiveness of the deposited coatings which indeed exhibit either 
hydrophilic or hydrophobic behaviours.  

• We investigated two materials for the frustum, namely, an ultrapure silica from sol-gel synthesis and a borosilicate 
glass also known as BK7, studying the optical transmission between 190 and 900 nm.  

• The optical transmission of the frustum can be reduced by dirt deposited on its larger base. In order to determine 
whether this effect is significant, we have measured the efficiency of some III-V multi-junction cells coupled with 
dusty frusta.  

• While cleaning of the optics components such as mirrors and frusta, if necessary, could be assured by human action, 
the lifetime of the encapsulant, both in terms of optical transparency and mechanical robustness under high 
radiation/thermal stress is an annoying problem [3]. In the manufacture of CPV module an adhesive is required to 
bond the frustum, made up of silica, and the photovoltaic cell. The adhesive must exhibit thermal stability, must be 
optically clear and should show a refractive index, n, higher than that of the silica (n = 1.55) and lower than that of 
the InGaP (n = 1.8). We have investigated different encapsulant available on the market and have compared the 
optical transmission freshly after curing and then after thermal and radiation stresses.  

These topics are actually under investigation in the framework of the Fotovoltaico ad Alta Efficienza (FAE) project (PO 
FESR Sicilia 2007/2013 4.1.1.1). 
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