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High-temperature receivers have been widely pursued for solar thermochemical applications or as part 
of broader strategies to increase system-level efficiency of solar power plants via increased power-cycle 
efficiency [1–5]. For high-temperature central receiver systems, compound parabolic concentrators 
(CPCs) are frequently proposed since they further increase the concentration ratio at the receiver 
aperture, and allow the mitigation of the high emission losses which occur at these elevated 
temperatures [6–9].  
In this study, a system model is developed that incorporates an in-house Monte-Carlo ray tracing 
(MCRT) code for heliostat field and CPC modelling [7], a simple cavity receiver heat transfer model, and 
a cost model for the heliostat field, tower and receiver based on the SAM model [10] (Figure 1). For 
systems with a CPC, the field boundary is determined in two steps. First, heliostats with centres located 
outside the conic section created from the intersection of the CPC acceptance cone with the horizontal 
plane are removed. These heliostats have zero CPC efficiency due to backward reflection [11]. Second, 
the heliostat field is further trimmed by removing the heliostats with instantaneous field efficiency at 
autumn equinox noon lower than a trimming efficiency threshold (Figure 2). 

 
Figure 1. A model solar central receiver optical system with a heliostat field, a central tower, a 

receiver and an optional CPC. 

We evaluate and compare the cost of the achieved concentrated radiation that can be used in various 
ways. Specifically, this study elucidates, for the typical application of concentrated radiation for power 
generation, how the optimal optical configuration varies with the receiver operating temperature, and at 
what temperatures a solar central receiver system may benefit from the use of a CPC with better optical 
or economic performance. Parametric studies on the effects of varying heliostat size, tower height, 
receiver aperture size, field layout, and CPC configuration are presented, showing how both the optical 
performance and the levelised cost of exergy are affected by each parameter. We discuss the 
performance factors in detail, with a breakdown of field optical performance at the single-heliostat level. 



 
Based on these parametric studies, optimal heliostat field and receiver configurations for both maximum 
annual solar-to-exergy efficiency and lowest levelized cost of exergy are presented. 

 
Figure 2. Determination of heliostat field boundary as implemented in this study [12]. 
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