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Abstract For improving the collection efficiency of heliostat fields for solar tower power plants, the design and
optimization of heliostat field layouts are needed. Based on the nonimaging optical design theory, a new method in
which the field boundary is constrained by geometrical aperture of receiver and the efficiency factor of heliostat is
proposed. The heliostat can be placed with higher efficiency by this method. The heliostat field layout is regular,
which is helpful for the optimization of the configuration. Therefore, the response speed of the design and
optimization of the field is improved. By using the Monte Carlo ray tracing method, the mathematical model of the
concentration of heliostat field is created. The field configuration is optimized with parameter search algorithm. A
new code for the design and optimization of the heliostat field layout is developed under the Matlab environment and
validated by using the current PS10 field in Spain. A new heliostat field of 10 MW solar tower power plant which is
located in Beijing is designed by using the new code. The mean annual optical efficiency of the designed heliostat field
is 64.15% and is closed to that of PS10 field, which comes up to an international advanced level.

Key words nonimaging optical design; optical efficiency of heliostat field; ray tracing method; solar tower power
plant
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Fig. 2 Schematics of the projections on the ground from the circular and rectangular aperture receivers.
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Fig. 3 Coordinate system of the heliostat field layout
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Fig. 4 Calculation of the annual optical efficiencies

of the PS10 field
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Table 1 Comparison between the published data of PS10 and calculated data by the HFLD

Efficiency Published data /% Calculated data/ % Relative deviation /%
Annual mean optical efficiency 64 64.07 0.1
Annual mean cosine efficiency 81 82.3 1.6
Annual mean block and shadow efficiency 95.5 92.9 2.7
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Fig. 5 Layout of the DAHAN-10 field

F 2 DAHAN-10 5 PS10 B2 50 R i
Table 2 Optical efficiency comparison between the DAHAN-10 and the PS10 fields

Efficiency PS10 /% DAHAN-10 /% Deviation /%
Nominal optical efficiency 77 76.6 —0.4
Annual mean optical efficiency 64 64.15 +0.2
Annual mean cosine efficiency 81 82.8 +1.8
Annual mean block and shadow efficiency 95.5 92.9 —2.6
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