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ABSTRACT— This paper presents a simplified model 
for evaluating the cosine effect in a heliostat field of 
solar tower power plants. A computer program has 
been elaborated under MATLAB. This program 
allows the assessment of cosine efficiency for a radial 
staggered arrangement of the heliostat field. The 
study has been carried out for the region of Bourkika. 
This region, located in northern Algeria, is 
characterized by a high level of solar radiation. The 
aim of the present work is to determine the solar 
heliostat field position so as to optimize the cosine 
efficiency throughout the year. Based on this strategy, 
heliostats positioning should be made so as to collect 
the maximum of solar irradiation. 

Keywords—Central Receiver System; Heliostat Field 
Layout; Cosine Efficiency; Solar Thermal Plant 

I. INTRODUCTION
The concentrating solar power technology is to 
achieving high concentration of solar radiation that 
is necessary for the generation of electricity power. 
Algeria is one of the most favorable regions for the 
implementation of this kind of technology [5].         
This is the main reason that some project in this 
field is going to be implemented. In solar tower 
plants, mirror called heliostats are used to reflect 
and concentrate solar irradiations. The concentrated 
solar radiation is collected in a receiver where it is 
transformed into heat. The generated heat is then 
transferred by a heat transfer fluid from the receiver 
to the thermodynamic bloc where it is used for 
thermal process or for electricity generation. The 
heliostats field is the more important part of the  
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tower system as they represent 70% of the power 
plant cost. Indeed the heliostats play a major role in 
solar radiation collection. It is then important to 
optimize this field so as to maximize the rate of 
solar radiation harvesting and minimize the overall 
cost. The radial staggered arrangement of the 
heliostat field is seen as the ideal distribution in 
laying heliostats field [1]. It allows a considerable 
reduction of blocking and shading losses. The 
optical losses consist in cosine effect, atmospheric 
attenuation, mirror reflectivity, shadowing and 
blocking losses. There exist a number of models for 
the conception and optimization of the heliostat 
field layout. To this end a number of software 
packages are commercially available. Among these 
software packages, there are HELIOS, DELSOL, 
HFFCAL, SOLTRACE, and SOLERGY [4]. 
In this paper, the distribution of the cosine 
efficiency of radial staggered arrangement for the 
region of Bourkika (Algeria) has been analyzed 
during the winter and the summer solstices. 

II. MATHEMATICAL FORMULATION
A. SUN TRACKING

The azimuth and elevation of the sun are described 
by the angles: the Solar declination ( ), the latitude 
( ) and the hour angle ( ) as follow [3]: 23.45 ( ( + 284))             (1)   15 ( 12)   (2) 

 Where N is day number. sin cosΦ cosδ cosω + sinΦ sin δ     (3)           Φ  sinΦ cosδ cosω / cosα    (4) 

The direction of incident rays in ground coordinate 
can be expressed by [4]: 
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C. COSINE EFFICIENCY DISTRIBUTION
     FOR A HELIOSTATS FIELD 

Fig. 5 and fig. 6 shows the variation of cosine 
efficiency of heliostats field during the winter and 
summer solstices. It shows that high cosine 
efficiency change zone from west side at 8 p.m. to 
east side at 4 p.m. At noon, when the sun is at 
highest point, the high cosine efficiency is 
observed. We also note that the high performance is 
obtained with the heliostat with small azimuth 
angles. In other words, the heliostats situated near 
the north axis. The heliostats with long distance 
from receiver are also affected by cosine loss. 
At noon, the sun takes his high position or elevation 
during the day. But this elevation varies with the 
season. At winter solstice, the sun takes its smallest 
elevation contrarily at summer solstice where it 
takes its highest elevation. This makes that the 
cosine efficiency change along the year and the 
results are shows in fig. 5 and fig. 6 where the 
cosine efficiency at noon is higher in winter and 
smallest in summer solstice.    

IV. CONCLUSION

An analysis of the distribution of cosine 
efficiency of staggered field layout for the region of 
Bourkika was presented. Some useful results, which 
are important in the heliostats field layout, are 
obtained. These results could be resumed in : 

I. The staggered field layout is one of the best
layout as it provides a good optical
efficiency.

II. The Heliostats located near the north axis
and close to the tower at the same time, can
give collectively good cosine efficiency.

III. It is recommended to choose a design point
between the two solstices to ensure
continuous operation throughout the year of
the central.

Abbreviations 
          Latitude        Sun declination angle         Hour angle         Number of the day         Solar time 

           Sun elevation 
           Sun azimuth           Target angle          Facing angle , ,    Coordinates of the heliostat center, [m] 
          Aim point height, [m] 
           Height of the heliostat, [m] 
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