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Characteristics analysis and simulation of Fresnel concentrator

in concentrated photovoltaic system
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Abstract: The concentrator in solar concentrated photovoltaic system was studied. The advantages of
Fresnel lens for solar concentrator and its focusing characteristics and optical efficiency were analyzed,
and the designing formula of point focus Fresnel lens with flat surface outward and Fresnel surface facing
to the solar cell was obtained. Based on the theory of non-imaging optics, the ray trace simulation was
realized in the non sequence model of ZEMAX software, and the solar energy distribution on focal plane
of Fresnel lens for a certain size was analyzed and simulated. The simulation results show that, the solar
energy of focused facula generated by usual Fresnel lens mainly focuses on the centre of the solar cell,
and as the distance from the centre increases, the energy density of the concentric rings decreases. To
make the solar energy distribution of the solar cell even, the second concentrator in concentrated
Photovoltaic should be added.
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Fig.1 Optical path of ray normal incidence Fresnel lens
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Fig.2 Optical path of ray inclined incidence Fresnel lens
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Fig.3 Schematic of energy loss
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Tab.1 Solar spectrum and material parameters

of NASA
Wavelength Center o Refraction Transmission
. Weighting rate of factor of
increment ~ wavelength . .
(AN) A factor acrylic acrylic
' plastic n;  plastic(T)
1.5250
0.295-0.40 0.374 0.026 7 (Estimate 0.962
value)
0.40-0.43 0.416 0.0275 1.5155 1
0.43-0.45 0.441 0.024 4 1.5018 1
0.45-0.47 0.460 0.0291 1.4999 1
0.47-0.49 0.480 0.0320 1.4982 1
0.49-0.51 0.500 0.0327 1.4968 1
0.51-0.53 0.520 0.032 3 1.4954 1
0.53-0.55 0.540 0.032 2 1.4942 1
0.55-0.57 0.560 0.0319 1.4930 1
0.57-0.60 0.585 0.047 3 1.4918 1
0.60-0.63 0.615 0.047 3 1.4906 1
0.63-0.66 0.645 0.0475 1.4895 1
0.66—0.69 0.675 0.0456 1.4886 1
0.69-0.73 0.709 0.053 7 1.4876 1
0.73-0.78 0.753 0.0591 1.4865 1
0.78-0.83 0.804 0.056 2 1.4854 1
0.83-0.89 0.857 0.062 3 1.4845 1
0.89-0.99 0.953 0.060 6 1.4832 1
0.99-1.06 1.024 0.056 5 1.4826 1
1.06-1.21 1.129 0.0621 1.4818 0.948
1.4812
1.21-1.52 1.274 0.064 9 (Estimate 0.912
value)
1.4808
1.52-2.2 1.642 0.0681 (Estimate 0.570
value)
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Fig.4 Three-dimensional model of Fresnel lens and detector
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Fig.5 Energy distribution diagram of full spectrum ray tracing
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Fig.7 Solar energy distribution of parallel ray 0.5° inclined incidence
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