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Abstract 
A solar concentration system formed by two 
holographic cylindrical lenses is proposed. It 
redirects part of the incident solar spectrum towards 
a PV cell, concentrating only the cell’s most 
efficient wavelength range, while the rest is 
transmitted, not causing overheating. Simulations 
with one- and two-axes tracking are carried out. 

Introduction 

Solar concentration is a technique used in 
photovoltaics (PV) to reduce the PV cell surface 
that is needed to generate the same current intensity, 
to minimize the economical and environmental cost 
of the system. However, overheating due to the 
concentration of parts of the spectrum that will not 
be used by the cell, such as infrared, may cause a 
worsening of the cell performance.  

Holographic Optical Elements (HOEs) are an 
outstanding alternative to conventional optical 
concentrating elements1, since they present an 
advantageous characteristic: chromatic selectivity 
(the incident wavelength affects the efficiency). The 
design of the HOE must take into account the solar 
spectrum as well as the spectral response of the PV 
cell, both plotted in Figure 1 (for a mono-crystalline 
Si cell). In this case, the wavelengths for which the 
HOE should be most efficient are around 800 nm, to 
achieve a compromise between the two curves.  

Holograms have angular selectivity as well, so their 
efficiency depends on the angle of incidence of the 
incoming rays. When it varies along one direction 
the efficiency decreases promptly (direction of high 
angular selectivity); whereas if it varies along the 
perpendicular direction, the efficiency decreases 
slowly (direction of low angular selectivity).  

Tracking of the apparent solar movement in the sky 
is often carried out in two directions so that the 
incidence angle is kept the same. Holographic 

cylindrical lenses, which concentrate the diffracted 
beam on a line at a different position for each 
wavelength, enable tracking suppression in the 
direction of the daily movement, if it matches the 
direction of low angular selectivity2. That way only 
one-axis tracking is needed, simplifying the system.  

A ray tracing algorithm3 based on Kogelnik’s 
Coupled Wave Theory4 has been developed. It 
allows an independent analysis of each point of the 
HOE. The incident spectrum is the solar spectrum 
AM 1.5D from Figure 1, and Fresnel reflection 
losses5 are taken into account.  

System description 

A concentrating system formed by two identical 
holographic cylindrical lenses with the design 
shown in Figure 2 is proposed. They direct 
incoming light towards a PV cell, that also receives 
the light coming from the space between them, 
covered with glass. The direction where tracking is 
not necessary is marked in the figure as well. When 
reconstructing with normal incidence and 800 nm 
wavelength, the efficiency of the HOEs is maximal.  

Results 
Simulations have been carried out to calculate the 
irradiance at the PV cell when tracking is carried out 
in two directions and in only one.  

Figure 3 shows the irradiance on the cell coming 
from one of the holographic lenses (depicted with a 
blue line), the space between the lenses (orange 
line) and the complete system (yellow line), with 
normal incidence. Whereas the spectrum 
corresponding to the space between the lenses is 
similar to the solar spectrum (with lower values do 
to the reflection losses on the entrance and output 
surfaces), the spectrum corresponding to one of the 
lenses ranges between 600 and 880 nm, 
approximately, and is enhanced around 800 nm, as 
expected. 
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The total irradiance collected by the cell is 1594 
W/m2, which is higher than the incident solar 
irradiance, 1000 W/m2. It may seem a low value, 
considering that two lenses contribute to the 
concentration; however, it needs to be taken into 
account that this spectrum corresponds mainly to the 
most sensitive wavelength range of the PV cell, as 
shown in Figure 3. The total short circuit current 
density obtained is SCJ = 812 A/m2, 1.83 times what 
would be obtained without the concentration system 
but without excessively increasing its temperature.  

If tracking is carried out in one direction only, 
similar current intensities can be expected for 
variations of the angle of incidence up to 20º. 

Conclusions 
A solar concentrator system formed by two 
holographic cylindrical lenses has been designed. 
Simulations have been carried out with a ray tracing 
algorithm to analyze its performance, with one-axis 
and two-axes tracking. Good lens-PV cell spectral 
response coupling provides higher irradiance and, 
therefore, current density values, without an 
excessive increase of the temperature on the cell.  
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Figure 1: ASTM standard solar spectrum AM 1.5D 
normalized to 1000 W/m2 over the spectral range 350-
1200 nm (blue curve, left y-axis). Spectral response of 
a mono-crystalline Si cell (red curve, right y-axis). 

 
Figure 2: Scheme of the holographic concentrating 
system. 

 
Figure 3: Spectral irradiance received by the PV cell 
emerging from one of the holographic lenses (blue 
curve), from the space between the two lenses (orange 
curve) and from the whole system (yellow curve). 


