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Abstract 

This paper presents a methodology to predict the optical performance and physical topography of the glass collector surfaces of 
any given CSP plant in the presence of sand and dust storms, providing that local climate conditions are known and 
representative sand and dust particles samples are available. Using existing meteorological data for a defined CSP plant in Egypt, 
plus sand and dust samples from two desert locations in Libya, we describe how to derive air speed, duration, and sand 
concentrations to use within the Global CSP Laboratory sand erosion simulation rig at Cranfield University. This then allows us 
to predict the optical performance of parabolic trough collector glass after an extended period by the use of accelerated ageing. 
However the behavior of particles in sandstorms is complex and has prompted a theoretical analysis of sand particle dynamics 
which is also described in this paper. 
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1. Introduction 

The performance of CSP plants is critically dependent on the quality of the solar field collectors or heliostats, 
characterized primarily by reflectivity and positional stability. To achieve high DNI the plants are often located in 
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desert regions where airborne sand and dust particles are an unwanted natural phenomenon. These particles settle on 
the collectors and heliostats to cause reflectivity losses, and in dust or sandstorm conditions can cause surface 
erosion. Washing and brushing is employed by solar plant operators to remove particles, a process that can lead to 
abrasion of the surface and permanent loss of optical reflectance. This work deals with the behavior of sand and dust 
particles in the vicinity of solar collectors and heliostats, and describes how to model the ageing of collector surfaces 
in the presence of airborne sand and dust particles. 

2. Sand and dust particle characterization 

MIL-STD-810G [1] makes it clear that dust and sand from a representative location is the preferred approach when 
simulating sand and dust erosion of collector and heliostat surfaces. Where that is not possible an alternative can be 
substituted. This can include red china clay and silica flour instead of dust and silica sand (at least 95% by weight 
SiO2) instead of natural sand. Figure 1 shows that the MIL-STD silica compares favorably with real sand from 

 

 

 

 

 

 

 

Tripoli in Libya from a dimensional standpoint, although the Libyan sand particles appear more angular. The 
hardness of Mil-STD silica is compared to Libyan sand 4 and 5 (both coastal sands) in Figure 2 below. Note the 
larger spread in hardness of the Libyan sand. The results are especially interesting when compared with the hardness 
of a collector glass from Ronda. As would be expected, the hardness of most of the sand and silica particles exceeds 
that of glass, but there is a significant quantity of sand or dust particles that are not as hard as the glass, making them  

 

 

 

 

 

 

 

                                Figure 1a:      Mil-STD  silica                                                             Figure 1b:   Libyan sand A 

Figure 2: Hardness plots of various sands, and of Ronda manufactured glass  




















