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A B S T R A C T 
 

Considering the importance of achieving sustainable development and using 
the potential of clean and renewable energy resources, such as solar energy 
with the highest efficiency, this research aims to optimize the design of the 
Heliostat solar power plant field with a central tower using the golden ratio of 
the Fibonacci sequence and investigate the effect of this ratio on the designed 
field results. The reference pattern used in this paper is the radial staggered 
pattern. The field under study is located in Naypyitaw (the capital of Myanmar). 
In this paper, with the approach of optimizing the heliostat field design, using 
the equations available in the design of solar power plants, the results of the 
new field pattern calculated using the golden ratio are investigated. The results 
of this research show that using the golden ratio increases the area required for 
the placement of heliostats by 27%, while increasing the optical efficiency by 
77%. Also, in this case, it will be possible to increase the number of heliostats 
by 11% without increasing the current area. 
 

 
1. Introduction  

Today, with the development of cities and the increase in 
population, per capita energy consumption is increasing 
rapidly [1]. Also, with the increase in developing countries, 
the intensity of energy consumption and fossil fuels has been 
increasing [2]. Since fossil fuels are a finite and non-
renewable resource, humanity is forced to find ways to 
replace these types of energy sources with renewable sources 
with less pollution to the environment [3]. Currently, many 
environmental problems have arisen due to the use of fossil 
fuels, including damage to the ozone layer, air and water 
pollution, the loss of animal species, global warming, and 
rising sea levels [4]. The most important solution to preserve 
fossil energy resources and achieve sustainable development 
is to pay attention to renewable energy sources, including 
solar energy [5, 6]. The sun is a real and free source of energy 
[7]. The use of solar energy as a source of energy for large-
scale uses is one of the hopes of the future [8]. The major 
problems in the use of solar energy are its lack of 
concentration, periodicity, and inconsistency in the amount of 
radiation [9]. If a means can be made to concentrate it so that 
its fluctuations do not have much effect on it, a very large 
energy source has been achieved that can supply human 
energy needs for centuries [10]. Given the state of energy in 
the world and the growth of population and consumption, if 
we act wisely, we will see that the sun is the only energy 
source that is abundantly and freely available at all times. 

Additionally, there are no environmental pollution issues 
related to converting solar energy [11,12]. This energy can be 
used in all regions of the world. Solar energy will be available 
as long as the sun exists. Solar energy can be obtained in 
various ways [13]. This energy can be converted into heat or 
electricity and used. One of the methods of obtaining solar 
energy is to use a thermal power plant with a central receiver 
[14, 15]. In these power plants, solar radiation is focused by a 
field of many reflecting mirrors called heliostats onto a 
receiver located at the top of a tall tower [16]. At the focus 
point, a lot of thermal energy is generated, which is absorbed 
by the working fluid moving inside the receiver. These power 
plants are designed in different ways. There are various 
layouts for heliostats, each with its own advantages and 
disadvantages [17]. Therefore, if a more optimal solution for 
the layout of heliostats in thermal power plants with a central 
receiver can be achieved, it is possible to obtain more energy 
output from these power plants by increasing productivity 
and efficiency, which is a significant advance in the heliostat 
power plant [18]. Given the importance of developing solar 
thermal power plants in recent years, extensive research has 
been conducted in the field of heliostat power plants. These 
studies have mainly focused on the areas of heliostat array 
layout methods and improving optical efficiency. In this 
regard, Noone et al. presented a new computationally efficient 
model and biomimetic layout design for heliostat fields. 
According to their model, in a field with 1000 heliostats, the 
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field area is reduced by 18.1% compared to the base field. 
This reduction reaches 18.7% in the case of 2000 heliostats 
and 18.5% in the case of 3000 heliostats [19]. In another 
study, Basarti et al. [20] presented an efficient computational 
method for heliostat field design. They used a genetic 
algorithm to optimize the biomimetic field. Compared with 
previous methods, they showed that this method is able to 
accurately predict the shading coefficient. Also, with the help 
of this method, the maximum annual radiation optical 
efficiency of 68.3% was obtained, while the number of 
heliostats decreased from 624 to 594. Mutuberria et al. [21] 
conducted a comparison of heliostat field design methods and 
their impact on plant efficiency. Their study focused on dense 
radial staggered, Campo arrays, Graphical arrays, DELSOL 
arrays, and Fermat spiral. Comparing these arrays, they 
concluded that the Fermat spiral had the highest efficiency of 
74.2%, and dense radial staggered had the lowest efficiency 
of 68.9%. Richter et al. [22] presented an evolutionary 
algorithm for designing an optimal heliostat field and 
compared it with the PS10 field and the biomimetic field. The 
new design achieved an efficiency of 68.71%, compared to 
66.51% for the PS10 field and 67.51% for the biomimetic 
field. 

Deng et al. [23] presented the Rose pattern for radial 
fields. Radial fields are considered suboptimal fields. The 
radial field efficiency increased from 44.38% in the 
suboptimal case to 53.97% using the Rose pattern. Xie et al. 
[24] studied the improved Gray Wolf pattern method to 
optimize the heliostat field. According to the results of their 
study, the heliostat field efficiency increased by 8.7%. Also, 
the number of heliostats was reduced from 8928 to 2509 
compared to the base field. Another group of researchers has 
focused on optimizing the spacing of heliostat arrays with the 
aim of increasing the optical efficiency. In this regard, Ghirardi 
et al. presented an optimization process to investigate the 
possibility of determining the radial spacing of heliostat rows, 
the tower height, and the location of each individual heliostat. 
The resulting layouts show maximum field efficiency between 
64.78% and 65.77% [25]. In another study, Kashif Ali et al. 
[26] proposed a new heliostat field layout method based on 
the Campo design method coupled with an adaptive gravity 
search algorithm (AGSA). The heliostat field in the layout 
process is 1.5 times larger than the final heliostat field. After 
setting the relevant constraints, the AGSA is used to find the 
best combination of spacing for maximizing energy efficiency 
of the heliostat field. Finally, according to the design 
requirements, the inefficient heliostats are eliminated to 
obtain the final layout of the heliostat field. As mentioned, 
various studies have been conducted in the field of heliostat 
layouts. These studies have focused on comparing different 
types of arrangements and evaluating their efficiency, 
improving and redesigning existing arrangements, and 
exploring new fields. One of these fields is the radial field, 
which, despite its extensive advantages, is one of the weakest 
fields in terms of efficiency and coefficient of performance. 
Regarding this type of field arrangement, new studies and 
patterns have been presented, such as the rose pattern, but 
again, its efficiency is lower than that of other arrangements. 
Hence, there is less acceptance in this field. One of the 
innovations in this field is the use of new patterns to redefine 
this type of arrangement. The pattern of the field 
arrangement is one of the main factors affecting the efficiency 
of the power plant, and the shading and blocking coefficients, 
the cosine coefficient, and also the total allowed number of 
Heliostats.   

One of the recurring patterns in nature is the Fibonacci 
pattern [27]. This expression, which is simply an expression 
of the sum of two consecutive terms to obtain the next term, 
has been found in different parts of life, nature, and 
mathematical concepts. Examining this sequence led to the 
discovery of the golden ratio [28]. The golden ratio is obtained 
by dividing two consecutive numbers of this sequence and is 
equal to 1.618. The golden ratio is known by mathematicians 
as the ideal ratio. It is said that if this ratio is applied in any 
way, it will have an interesting result [27]. Therefore, as an 
interesting idea in this research, an attempt has been made to 
investigate and evaluate the concept of Fibonacci and the 
golden ratio, and the effect of this ratio on the efficiency of the 
Heliostat power plant. Previously, the concept of the 
Fibonacci sequence was used in the design of photovoltaics 
[29]. Still, the effects of the direct golden ratio in the design of 
the radial staggered field of the heliostat power plant have not 
been investigated so far. The purpose of this article is to 
achieve this and develop an innovative model for the design 
of heliostat fields. In this research, an attempt has been made 
to study the changes of the heliostat field by examining the 
design results of the pattern based on the golden ratio and 
comparing it with the basic pattern. Also, while examining the 
design results, the optical efficiency coefficients, field 
characteristics, and the improvements and limitations of the 
new field are explained. 

2. Governing equations 

The basic operation of thermal power plants is such that 
solar energy is first converted into thermal energy, and then, 
through a thermodynamic cycle such as the Brayton cycle, 
Rankine cycle, or combined cycle, thermal energy is 
converted into electrical energy [30, 31]. Generally, facilities 
that convert the thermal energy absorbed from the sun into 
electricity are called solar thermal power plants. 
Concentrated solar power plants have the potential to 
provide solar electrical energy at a lower cost than 
photovoltaic power plants. Concentrated solar power plants 
work by concentrating the incoming solar radiation into a 
small area using reflectors [32]. Concentrated solar systems 
operate in two ways: point concentration and linear 
concentration. Linear concentration systems are easier to 
implement, but they have a lower concentration ratio, which 
means they reach lower temperatures compared to point 
concentration systems. The different types of these power 
plants are illustrated in Figure 1 [33]. 

In power plants that operate with solar thermal systems 
to generate electricity, unlike photovoltaic systems, the 
presence of a heat transfer fluid to transfer the thermal 
energy absorbed by the receiver and a thermodynamic cycle 
to convert this heat into electricity is essential [34]. Central 
receiver solar power plants (CRS) are one of the most 
important types of solar power plants that have garnered 
attention due to their ability to reach high temperatures and 
suitable thermal efficiency. Additionally, it is possible to 
construct such a power plant on a much larger scale [35].  

 
Figure 1. Types of solar thermal power plants 
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Figure 2. Heliostat solar power plant 

In these power plants, as shown in Figure 2, solar 
radiation is concentrated onto a collector located at the top of 
a tall tower by reflecting mirrors called heliostats, which are 
arranged on tracks at specific distances from each other; thus, 
concentration in this type of system occurs at a point [36]. The 
central receiver systems exhibit a high concentration ratio, 
resulting in the generation of substantial thermal energy 
within the receiver. This energy is subsequently absorbed by 
the heat transfer fluid circulating within the receiver [37]. In 
instances where the heat transfer fluid coincides with the 
working fluid of the cycle, the fluid, upon absorbing thermal 
energy in the receiver, proceeds directly into the power 
generation cycle (direct case). Conversely, if the heat transfer 
fluid differs from the working fluid of the cycle, the energy 
acquired by the heat transfer fluid in the receiver is conveyed 
to the power generation cycle within the power plant via a 
heat exchanger (indirect case) [38]. CSP plants, which stand 
for Concentrated Solar Power, are going to be the future of 
electricity production in many countries around the world. 
These plants consist of a large number of individual solar 
tracker units, known as heliostats [39]. The goal of these 
heliostats is to focus the incoming rays onto a central tower. 
The performance of heliostat plants is measured by a ratio 
called optical efficiency, which is calculated by dividing the 
total power absorbed by the receiver by the total solar energy 
incident on the field. Most heliostat fields are designed in a 
radial configuration. This layout ensures that none of the 
heliostats in an adjacent ring block the reflected rays from 
hitting others. Since 50% of the total cost of heliostat plants 
and nearly 40% of the energy loss is related to the heliostat 
field, the design and layout of these fields are important [40]. 
To dynamically model a heliostat solar tower system (or a 
concentrated solar power plant), several key parameters and 
equations must be considered. These relationships include 
equations related to solar energy, the geometry of the 
heliostat system, the thermal behavior of the solar tower, and 
the system's efficiency over time. Below are the details of 
these equations. 

2.1 Heliostat field design 
In the design of radial fields, another heliostat is 

positioned in the adjacent rows between each pair of 
heliostats, which reduces the amount of shading caused by 
one heliostat on another. Figure 3 presents the basic 
definitions of the heliostat field, each of which will be 
examined in detail. 

 

 

Figure 3. Heliostat field layout 

The effective diameter is a characteristic that indicates 
the vertical distance between the centers of two adjacent 
heliostats, derived from Equation (1) [21]. 

𝐷𝑀 = √𝑙𝑤
2 + 𝑙ℎ

2 + 𝑑𝑒𝑠𝑝           (1) 

In this equation, DM is the  effective diameter, 𝑙𝑤 is the length 
and 𝑙ℎ is the width of the heliostats, and desp indicates any 
extra distance between the heliostats. All variables are 
measured in meters . 
The minimum radial distance of heliostats in adjacent rows to 
ensure they don't collide with each other is derived from 
Equation (2)  [41] . 

∆𝑅𝑚𝑖𝑛 = 𝐷𝑀 × 𝑐𝑜𝑠 30°            (2) 

The effect of the golden ratio of Fibonacci will be taken into 
account in this parameter, and in fact, the radial distance 
between the heliostats is defined by the golden ratio.  
Additionally, the radial distance from the first row to the 
central tower is calculated using Equation (3) [41]. 

𝑅1 = 𝑁ℎ𝑒𝑙1 ×
𝐷𝑀

2𝜋
            (3) 

In Equation (3), 𝑁ℎ𝑒𝑙1 is the heliostat’s number in each row 
of the first zone . The angular distance of the azimuth for the 
first zone of the field can be calculated using Equation (4) 

[41] . 

∆𝑎𝑧1 = 2 sin−1 𝐷𝑀

2𝑅1
            (4) 

∆𝑎𝑧1that is the azimuth angular distance in the first zone 
measured in radians. The above equation can also be 
calculated for other zones. The azimuth angular distance for 
zone i is calculated using Equation (5) [41]. 

∆𝑎𝑧𝑖 =
∆𝑎𝑧1

2𝑖−1              (5) 

To calculate the radial distance of zone i from the central 
tower, Equation (6) is used  [41 ] . 

𝑅𝑖 = 2𝑖−1 ×
𝐷𝑀

∆𝑎𝑧1
            (6) 

Using the above equations, the radial distance and angular 
distance from the central tower can be determined for all 
zones . 
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To calculate the number of rows in zone i based on the radial 
distance of zone i, Equation (7) is used [42]. 

𝑁𝑟𝑜𝑤𝑖 =
𝑅𝑖+1−𝑅𝑖

∆𝑅𝑚𝑖𝑛
            (7) 

The number of heliostats in each row is calculated from 
Equation (8) [42]. 

𝑁ℎ𝑒𝑙𝑖 =
2𝜋

∆𝑎𝑧𝑖
             (8) 

2.2 Optical efficiency 
Optical Efficiency measures the energy wasted in the 

heliostat field is obtained from Equation (9)  [43] . 

𝜂𝑜𝑝𝑡 = 𝜂𝑎𝑡 × 𝜂𝑟𝑒𝑓 × 𝜂𝑠&𝑏 × 𝜂𝑐𝑜𝑠           (9) 

In this relation, 𝜂𝑎𝑡   is the atmospheric attenuation coefficient, 
𝜂𝑟𝑒𝑓  is the mirror reflection coefficient, 𝜂𝑠&𝑏  is the shading 

and blocking coefficient, and 𝜂𝑐𝑜𝑠  is the cosine coefficient. The 
mirror reflection coefficient can be considered a constant 
value, which is equal to 0.95. The remaining coefficients are 
calculated according to the heliostat field layout, receiver 
height, and other relevant parameters. 
This coefficient expresses the effect of the reflected ray’s 
energy that is absorbed or scattered by the atmosphere. This 
coefficient depends on the weather conditions and the 
distance of the heliostat from the receiver. This coefficient is 
obtained from relations (10), (11)  [43] . 

𝑖𝑓 𝑑 ≤ 1000𝑚,  

𝜂𝑎𝑡 = 0.99321 − 0.0001176𝑑 + 1.97 × 10−8 × 𝑑2                 (10) 

𝑖𝑓 𝑑 > 1000𝑚,  

𝜂𝑎𝑡 = 𝑒−0.0001106𝑑          (11) 

In these two equations, d represents the distance between the 
heliostat and the receiver . 
Shading occurs when the shadow of one heliostat falls on 
another. This coefficient depends on many factors, including 
time, and its calculation varies with time. The annual average 
value of this coefficient is 0.944. 
The greatest energy loss in a heliostat field is related to the 
angle between the sun's rays and the normal vector to the 
heliostat surface. The smaller this angle, the lower the loss. 
The ideal value of this angle is when the radiation beam is 
perpendicular to the heliostat surface. This angle depends on 
both the sun and the tower design. 

2.3 Solar position 
The position of the sun is constantly changing 

throughout the day, and it is very important. The solar 
declination is calculated from Equation (12)  [44]. 

𝛿𝑠 = 23.45 sin(
360

365
(284 + 𝑁))       (12)   

In this equation, N is the number of days. The solar hour angle 
is also calculated from Equation (13) [45] . 

ℎ𝑠 = (𝑆𝑜𝑙𝑎𝑟 ℎ𝑜𝑢𝑟 − 12) × 15°        (13) 

The solar altitude angle is calculated from Equation (14) [46] . 

𝛼𝑠 = sin−1[cosh(ℎ𝑠). 𝑐𝑜𝑠(𝛿𝑠). 𝑐𝑜𝑠(∅𝑙𝑎𝑡) + 𝑠𝑖𝑛(𝛿𝑠). 𝑠𝑖𝑛(∅𝑙𝑎𝑡)]  

           (14)  

In the next step, the zenith angle is calculated using equation 
(15)   [45] . 

𝜃𝑧 = 90° − 𝛼𝑠           (15) 

To obtain the solar azimuth angle, it is necessary to calculate 
the solar azimuth factor, which is obtained from equation (16) 

[44] . 

𝜑∕ = sin−1(
cos 𝛿𝑠×𝑠𝑖𝑛ℎ𝑠

𝑠𝑖𝑛𝜃𝑧
)          (16) 

Equations (17) and (18) are used to calculate the solar 
azimuth angle [44]. 

𝜑𝑠 = 180° −  𝜑∕  𝑖𝑓  cos ℎ𝑠 ≥ (
𝑡𝑎𝑛𝛿𝑠

𝑡𝑎𝑛∅𝑙𝑎𝑡
)        (17) 

𝜑𝑠 = 180° +  𝜑∕  𝑖𝑓  cos ℎ𝑠 ≤ (
𝑡𝑎𝑛𝛿𝑠

𝑡𝑎𝑛∅𝑙𝑎𝑡
)        (18) 

The azimuth angle of the surface is also calculated using 
Equations (19) and (20) [44] . 

𝑖𝑓      𝜑𝑠  −   𝜑∕ > 0  , 𝜑𝑠𝑢𝑟𝑓 =  𝜑∕ + 90°        (19) 

𝐸𝑙𝑠𝑒 𝜑𝑠  −   𝜑∕ < 0  , 𝜑𝑠𝑢𝑟𝑓 =  𝜑∕ − 90°        (20) 

2.4 Receiver tower design 
The design of the receiver tower is of great importance 

to absorb the maximum reflected rays. The reflected rays' 
angle with the receiver aperture (𝜃𝑅) and the angle between 
the reflected rays and the line perpendicular to the receiver 
surface (𝜆𝑠) are calculated using Equations (21) and (22)  [47] .  

𝜃𝑅 = sin−1(
−2𝑑𝑙+𝐿√4𝑙2+𝐿2−𝑑2

4𝑙2+𝐿2
)         (21) 

𝜆𝑠 = 90° −  𝜃𝑅           (22) 

In the above equations, d is the diameter of the reflected area, 
l is the length of the reflector, and L is the height of the 
receiver. Using these equations, the cosine coefficient can be 
calculated using Equation (23)  [47] . 

𝜂𝑐𝑜𝑠 =
√2

2
(𝑠𝑖𝑛𝛼𝑠. 𝑐𝑜𝑠𝜆𝑠  −  𝑐𝑜𝑠(𝜑𝑠𝑢𝑟𝑓  −  𝜑𝑠). 𝑐𝑜𝑠𝛼𝑠. 𝑠𝑖𝑛𝜆𝑠 +

1)0.5            (23) 

Finally, after calculating all the coefficients, the optical 
efficiency will be calculated . 

3. Methodology 

Given that the goal is to optimize the design of a heliostat 
field of a solar power plant with a central tower using the 
golden ratio of the Fibonacci sequence and to investigate the 
effect of this ratio on the field design results, it is necessary to 
introduce this sequence and the golden ratio in the first step . 

3.1 Fibonacci sequence 
An eminent Italian mathematician, Leonardo Pisano, first 

presented the concept of the Fibonacci sequence and its 
associated numbers. He is widely recognized by his nickname 
"Fibonacci," which has become synonymous with his work. 
The Fibonacci sequence is formed by summing the two 
preceding numbers in the series. The Fibonacci numbers are 
defined by Equation (24). 

𝑓𝑛 = 𝑓𝑛−1 + 𝑓𝑛−2           (24) 

For all n>=3, where 𝑓𝑛  represents the nth Fibonacci Number. 
In geometry (Figure 4), a golden spiral is a logarithmic spiral 
whose growth factor is φ, the golden ratio. That is, a golden 
spiral gets wider (or further from its origin) by a factor of φ 
for every quarter turn it makes. 
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Figure 4. Fibonacci spiral geometry 

The golden ratio, also referred to as the golden number, 
golden proportion, or the divine proportion, is a numerical 
ratio of around 1.618 between two numbers. Often 
represented by the Greek symbol phi, it is closely linked to the 
Fibonacci sequence, a numerical pattern where each number 
is the sum of the two preceding numbers.  

The Golden Ratio is represented by the value 1.6184. 
This number has a connection to most things in our 
surroundings. These numbers alone are enough to unravel 
the major puzzle of the natural world. The ratio between two 
consecutive Fibonacci numbers is roughly equal to 1.6184. 
The remarkable aspect of this value is that when we multiply 
0.618 by a Fibonacci number, the result is also a Fibonacci 
number. For example, when we multiply 5 by 0.618, we get 
approximately 3, which is also a Fibonacci number. Similarly, 
when we multiply 8 by 0.618, the result is approximately 5 is 
once again the number in the Fibonacci sequence. 

In the next step, it is necessary to consider a study sample 
as a reference to study the effect of applying the golden ratio. 
The reference pattern used in this article is the radial 
staircase pattern. With the help of the relationships 
mentioned, the heliostat field can be designed in two cases. 
The first case is a field with normal design conditions, and the 
second case is one that considers the Fibonacci golden ratio 
in the distances between the mirrors. By performing 
calculations and comparing the results, it is possible to 
investigate the effect of this ratio on the design of the heliostat 
field. The field under study is located at latitude 19.7633 and 
longitude 96.0785, in Naypyidaw (the Capital of Myanmar). 
Other characteristics of the field under study are presented in 
Table 1. 

Table 1. Reference heliostat field specifications 

Unit Value Variable 
- 19.7633 Latitude 
- 96.0785 Longitude 

m 95 Tower Height 
m 7 Heliostat Height 
m 11 Heliostat Length Size 

m 11 Heliostat width Size 
- 1150 Number of Heliostat 

m 0.2 Separation Distance 

m 20 Absorbing Aperture 
Height 

m 10 Diameter of Reflected 
Spot 

m 8 Reflector Length 

 

First, using the existing equations, the field design values 
are calculated, and then, by affecting the value of the golden 
ratio, these values will be compared with the previous state. 
The design process is shown in Figure 5. According to Figure 
5, initially, with the help of the equations in the design of the 
heliostat field, a design is made for a specific field, and with 
the help of modeling, the design values, including solar angles, 
field distances, number of rows, and optical coefficients, are 
calculated. In field design, attention is paid to the absence of 
collision of mirrors with each other, the absence of shading, 
and also the arrangement of the heliostat, which creates 
design limitations. In the second step, by affecting the golden 
ratio number in the distance between two consecutive rows 
and also in the radius of different zones around the central 
tower, once again the calculations related to the number of 
heliostats, the number of rows, the number of heliostats in 
each row and optical coefficients is done by completing the 
calculations in both cases, the results of the two models can 
be compared. At the end, the graphic design of the two fields 
is drawn, and any design flaws are checked in the final map. 
Finally, the evaluation of the solar thermal power received at 
the central tower is obtained using optical efficiency, which is 
calculated from the mirror reflection coefficient, the 
atmospheric attenuation coefficient, the shading and 
obstruction coefficient, and the cosine coefficient. 

 

Figure 5. Heliostat field design flowchart 
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4. Results and discussion 

Given that this study was conducted with the aim of 
evaluating the effect of using the golden number of the 
Fibonacci sequence on the performance of the heliostat field, 
it is necessary to first calculate the base field based on the 
specifications in Table 1. In the next step, assuming a constant 
number of heliostats, the changes caused by the golden ratio 
are considered to obtain the heliostat placement in the new 
arrangement. An important point in this regard is that the 
decision-making parameter in this study was the area 
required for the arrangement of mirrors and the optical 
efficiency of the field. In this regard, the field characteristics 
were first calculated through modeling in MATLAB, and then, 
based on that, the placement of the heliostats in the field will 
be drawn in two cases. 

4.1 Results of heliostat field design 
To design the field based on the specifications in Table 1, 

in the first step, the effective diameter and radial distance are 
calculated in each of the two scenarios: the base scenario and 
the scenario using the golden ratio. In the next step, the radius 
of the zones to the central tower, the azimuth angle, and the 
number of rows in each zone are obtained. Finally, by 
examining the variables related to the position of the sun and 
the performance coefficients, the light efficiency will be 
obtained.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

It should be noted that to ensure the same design conditions, 
the position of the sun in both fields was based on the 
conditions of July 6 at 12 noon. Details of the designed fields 
are presented in Table 2.  

To determine the number of rows in the third zone, as 
indicated in Table 1, one must subtract the total count of 
heliostats from the combined totals of the first and second 
zones. This calculation yields the number of heliostats 
present in the third zone. Subsequently, the number of 
heliostats per row in the third zone is calculated. Finally, by 
taking into account both the total number of heliostats in the 
third zone and the number of heliostats allocated to each row, 
the total number of rows in the third zone can be established. 
Also, Scenario calculations using the golden ratio have been 
made by applying the golden ratio ((1+√5)/2) to the 
distances between the rows and designing the field assuming 
a constant number of heliostats. The designed fields and the 
placement of heliostats in each field are presented in Figure 
6. According to Table 2 and Figure 6, and by comparing the 
two designed heliostat fields, it can be concluded that by 
affecting the golden ratio in the distances between the field 
rows, the total area of the solar power plant has increased by 
nearly 27%. Hence, the cost of land required for the power 
plant will increase.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 2. Detail design of two heliostat fields 

Variable Symbol Base Scenario Golden Ratio Scenario Unit 

Effective Diameter 𝐷𝑀 11√2 11√2 𝑚 𝑚 

Radial distance ∆𝑅𝑚𝑖𝑛 5.5√6 8.899√6 𝑚 

Radius of different zones to the central tower 

𝑅1 
194.45

𝜋
 100.1467 

𝑚 𝑅2 
388.90

𝜋
 200.2933 

𝑅3 
777.8

𝜋
 400.5867 

Azimuth angle for different zones 

∆𝑎𝑧1 0.2519 0.1555 

𝑟𝑎𝑑 ∆𝑎𝑧2 0.1257 0.0776  

∆𝑎𝑧3 0.0628 0.0388 

Number of circular pattern rows in each zone 

𝑁𝑟𝑜𝑤1 4 4 

- 𝑁𝑟𝑜𝑤2 9 9 

𝑁𝑟𝑜𝑤3 6 2 

Number of heliostats in each row 

𝑁ℎ𝑒𝑙1 25 40 

- 𝑁ℎ𝑒𝑙2 50 80 

𝑁ℎ𝑒𝑙3 100 135 

Number of heliostats in each zone 

𝑁𝑧1 100 160 

- 𝑁𝑧2 450 720 

𝑁𝑧3 600 270 

Atmospheric attenuation coefficient 𝜂𝑎𝑡 0.92 0.91 - 

Solar position 
𝛿𝑠 22.698 

° 
ℎ𝑠 0 

Solar altitude angle 𝛼𝑠 87.0653 ° 

Zenith angle 𝜃𝑧 2.9347 ° 

Solar azimuth angle 𝜑𝑠 180 ° 

Azimuth angle of the surface 𝜑𝑠𝑢𝑟𝑓  90 ° 

Angle of the reflected rays with the receiver 

aperture 
𝜃𝑅 28.3586 ° 

Angle between the reflected rays and the line 

perpendicular to the receiver surface 
𝜆𝑠 61.6414 ° 

Shading and blocking coefficient 𝜂𝑠&𝑏 0.924 0.984 - 

Cosine coefficient 𝜂𝑐𝑜𝑠 0.8586 0.8586 - 

Optical efficiency 𝜂𝑜𝑝𝑡 0.7298 0.7688 - 
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In the design, the number of heliostats was assumed to 

be constant for the purpose of comparing the optical 
efficiency coefficients, but considering the structure of the 
second field, this field can accommodate 130 more heliostats 
without increasing the current area of the field, which 
increases the number of heliostats by nearly 11% and the 
optical efficiency by 5.5% in this case, and the overall power 
of the power plant will also increase. The increase in optical 
efficiency in this case, considering the constant cosine 
coefficient in the two fields and the reduction of the 
atmospheric attenuation coefficient to 0.91 in the second 
field, can be considered the result of increasing the 
longitudinal distance of the rows from each other and 
increasing the average shading coefficient compared to the 
first field. 

5. Conclusion 

Considering the importance of developing the use of 
renewable resources and increasing the efficiency of energy 
production in various renewable systems, in this research, 
with the aim of improving the optical efficiency of heliostat 
solar power plants, the concept of Fibonacci and the golden 
ratio has been used as an interesting idea. The Fibonacci 
sequence is one of the most repeated concepts in nature that 
has always had good results. The effect of the golden ratio in 
the design of the radial stepped field of the heliostat power 
plant has not been investigated so far, and the aim of this 
article is to do this and obtain an innovative model in the 
design of heliostat fields. In this research, an attempt has been 
made to examine the changes in the heliostat field by 
examining the results of the design of the pattern based on the 
golden ratio and comparing it with the basic pattern. Also, 
while examining the design results, the optical efficiency 
coefficients, field characteristics, and the advances and 
limitations of the new field have been explained. In 
conclusion, the key results of this research can be 
summarized as follows: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
• Using the golden ratio in the layout of a heliostat power 

plant increases the optical efficiency by 5.5% due to the 
increase in shading and blocking coefficients. 

• Using the golden ratio in the configuration of heliostats, 
while keeping the number of heliostats constant, increases 
the area required for their arrangement by 27%.  

• It should be noted that by increasing the area resulting 
from using the golden ratio in the arrangement of 
heliostats, the number of heliostats can be increased by 
11% without increasing the current area. 

• Increasing the area when using the golden ratio reduces the 
atmospheric attenuation coefficient to 0.91, resulting in a 
decrease in optical efficiency.  
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