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Abstract
The usage of solar trackers in solar energy technologies represents an 
alternative to increase the capture of solar radiation. However, the costs 
involved make it a prohibitive technology, having indexes and proce-
dures that allow for its evaluation and determination of the viability of 
its use is of vital importance at the time of deciding its implementation 
and so to form the objective of this study. In the investigation carried 
out, the indexes of average gain, comparative efficiency and profitabi-
lity are introduced and a procedure for the evaluation is developed, as 
a contribution to the decision-making process as to whether or not to 
use a solar tracker. It is confirmed that the use of trackers is completely 
viable when used with higher power technologies. Furthermore, it is 
shown that theoretically, the average gain index is higher than the 
values currently registered in scientific literature. Such factors support 
the possibility of designing and developing solar trackers with a higher 
gain, lower production costs and lower consumption indexes, as a way 
for their mass use in low power photovoltaic generators.

Keywords: efficiency, evaluation technologies, indexes gain, profi-
tability, selection, solar tracker.

Resumen
El uso de los seguidores solares como tecnología de aprovechamiento 
de energía solar representa una alternativa para incrementar la capta-
ción de radiación solar. Sin embargo, sus costos lo convierten en una 
tecnología prohibitiva, por lo que disponer de índices y procedimientos 
que permitan su evaluación para determinar la viabilidad de uso es 
una herramienta de extrema importancia a la hora de decidir sobre su 
utilización y constituye el objetivo de este trabajo. Con la investigación 
realizada se introducen los índices de ganancia media, eficiencia com-
parativa y de utilidad y se desarrolla un procedimiento de evaluación, 
como contribución a la toma de decisiones sobre el uso o no de un 
seguidor solar. Se corrobora que su uso es totalmente viable mientras 
mayor es la potencia de las tecnologías en las cuales se utiliza. Además, 
se muestra que teóricamente el índice medio de ganancia es mayor 
que los valores registrados actualmente en la literatura científica. Tales 
elementos apoyan la posibilidad de diseñar y desarrollar seguidores 
solares con mayor ganancia, menores costos de fabricación y menores 
índices de consumo, como vía para su utilización masiva en generadores 
fotovoltaicos de baja potencia. 

Palabras claves: eficiencia, evaluación tecnologías, índices ganancia, 
seguidor solar, selección, utilidad.
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I. INTRODUCTION

Currently, in many developing countries, there still exist areas where elec-
trical energy is not available [1], the fundamental cause being a disperse, 
low-income, rural population in regions where access is difficult. Because 
of this, taking advantage of low cost and highly efficient photovoltaic solar 
energy [2], [3] represents one possible solution. The use of solar trackers 
represents an alternative to improve efficiency during the exploitation of 
solar energy [4], [5]. This mechanism ensures that the light with maximum 
intensity will be falling on the solar panel throughout the day. In others 
words, it is an effort to increase the efficiency of power generation through 
the solar module.

In the international market, a diverse selection of solar trackers exists, howe-
ver, end-users do not have a guide or method that allows them to decide 
whether using one is viable in specific operating conditions. Additionally, 
comparative indexes are not available to evaluate whether the gain indi-
cated by the producer and paid for corresponds with the operating results 
of the solar tracker.

An analysis of the techno-economic efficiency (kWh/$) of solar technologies 
such as photovoltaic generator and solar heater, allows us to conclude that 
they are not financially viable on the global market with respect to other 
traditional technologies that are available to produce heat and electricity. 
To take into account the studies carried out by [6], “the cost factor is more 
important than the efficiency”. Considering this information and the need 
that exists to design and develop a hybrid micro technology in order to 
generate electric and caloric energy at a low cost to rural zones without 
supplied electricity, it becomes necessary to research solar trackers inclu-
ding determining how much the efficiency of solar technologies could be 
improved.

Upon numerous reviews of solar trackers, it can be concluded that indexes 
or methodology to evaluate its usage do not exist. There are, however, some 
comparative analyses of solar tracker usage, according to studies carried out 
by authors [7]-[21]. Taking into account that, from a scientific perspective, 
no indexes have been designed to evaluate the viability of the use of a solar 
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tracker for a specific solar energy facility, providing objective elements to 
make the decision to select or not that technology, the aim of this work was 
to design a group of techno-economic indexes and to propose a procedure 
based on these indicators which allow for the user to be guided in order 
to properly select and/or evaluate a solar tracker and, consequently, to 
determine whether its use is viable. The hypothesis is: the existence of a 
methodology based on techno-economic indexes would permit evaluating 
the solar trackers, and to determine whether its use is viable.

It is known that the nominal power (Pn) of a photovoltaic generator is cal-
culated during operation in a fixed horizontal position (β = 0), with a solar 
irradiance coefficient Io = 1kW/m2, a determined spectrum of radiation 
falling upon it and cells that continue working at a temperature of 25° C 
[22]-[25]. However, by using solar trackers (mobile supports) their opera-
tional power could be increased by between 25-55% [26] - [30]. How can 
it be determined whether the use of solar trackers is economically viable?

It is known that the average density of the solar radiation that arrives at the 
highest part of the atmosphere is 1366 W/m2 [23], [31], known as the solar 
constant. Notwithstanding, due to the phenomena of reflection, absorption 
and atmospheric transmittance along with the infrequent occurrence of clear 
sky conditions, the maximum irradiance value observed at the surface of 
the earth is Io = 1kW/m2.

When assessing the energetic potential of a region, the parameter which 
needs to be calculated is the irradiance: the quantity of energy irradiated 
(H) in a period of time calculated by the formula   ∫  ( )  

  

  
 , referred to as 

solar irradiation between two moments of time [24]. This formula can be 
used to make daily, monthly or yearly calculations where I(t) is the real 
function of irradiance, established for different moments of time.

In this study, it is assumed that the gain index (IG) of a solar tracker is the 
relation between the quantity of energy generated during a period of time 
by a piece of technology exploiting solar energy installed on a mobile sup-
port, with respect to the quantity of energy that is possible to generate in 
the same period of time by the same technology, were it to be installed on 
a fixed support.
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To carry out the calculation, it is necessary first to determine the maximum 
quantity of energy that it is possible to generate using technology moun-
ted on an ideal mobile support, which at every moment of time modifies 
the Polar angle (β) and Azimuth angle (γ) values of the surface receiving 
solar rays and ensures that the Incidence angle (θ) on the receiving surface 
is zero degrees, for which its cosine will always be the unit and it will be 
calculated using the formula (1):

         ∫  ( )  
  

  
       ∫   

  

  

             (1)

In (1) it is understood that:

EGSS – Quantity of energy generated by a piece of solar technology mounted 
on a mobile support or a solar tracker;

ts – Time of sunrise;

tp – Time of sunset.

Note that in the given situation, EGSS coincides with the maximum possible 
irradiated energy.

Given that cos(θ) = 1, the formula (1) transforms into (2):

EGSS = I0 (tp - ts)          (2)

However, for a case in which the support is fixed, as the hours and days 
go by, the angle θ varies [32], because of which the calculation of its value 
at a given moment may be realized by using the formula (3):

                                  

                                                  
    (3)

whence,
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δ – Solar declination;

ω – Daylight hours’ angle;

φ – Latitude;

i, j, k – Unit vectors;

β – Polar angle;

γ – Azimuth angle.

The cos(θ) is obtained as a vector product of solar vector ( ), given in equa-
tion (4), by the normal vector ( ) to a surface with an arbitrary orientation 
on the earth, which appears in equation (5)

 ⃗                                                                   

 

    (4) 

 ⃗⃗   (        )   (        )                (5)

According to studies carried out by various authors [23], [33] and calcula-
tions included in the present study (see Table 1), the best solar ray capture 
variant would be for a surface with an inclination angle of β = φ fixed 
throughout the year (that is, equal to the angle given by the latitude of the 
place) and focused towards the south, because of which the Azimuth angle 
γ = 0. If said values are substituted into formula (3), an incidence angle of 
solar rays on the Surface would be given by: 

                        (6)

If formula (6) is integrated for the irradiance of I0 in a period of 24 hours, 
the maximum possible irradiation of the surface is obtained, which would 
be considered as the maximum quantity of energy that a piece of solar 
technology mounted on a fixed support could generate with the angles β 
= φ y γ = 0, formula (7): 

               
  
   ∫          

  
       ∫       

  

   

 
 

   

          (7)
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Definitively, the highest quantity of energy that can be generated by a piece 
of solar technology on a fixed installation (EGF) is given by formula (8):

 

     
  
                 

         (8)

For the calculation of the gain index for any angle β and any angle γ, for-
mula (3) is integrated for the irradiance of I0 in a period of 24 hours and 
formula (9) is obtained:

       
  
                                     

                                         

   

      (9)

II. METHODOLOGY

The process for the calculation of the indexes will allow for the adequate 
selection and evaluation of a solar tracker, to determine the viability of its use.

Calculation methodology

From the equations available in the introduction of this study and their 
respective relations, this study proposes the calculation of the following 
indexes: 

1. Index of theoretical gain (IG) of the solar tracker: obtained by dividing 
the maximum possible generation with a mobile support, formula (2), 
by the maximum generation possible with a fixed support, given by (8):

   
    
   

  
         

  
             

 
        

            
  

   

       (10)

Note that the theoretical gain index over the course of a year can take 
different values: a maximum value when the Earth is in summer solstice 
(20/21 June) where δ = 23,44 degrees and IG = 1,76; a minimum value when 
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the Earth is at the spring equinox (20/21 March), when δ = 0 and IG = 1,57 
for the specific geographical conditions, see Table 2.

2. Solar tracking consumption index (ICS): is defined as the total consump-
tion of electric energy of its motors, in a unit of time, needed to be able 
to track the solar rays.

3. Comparative gain index (ICG): the ratio between the solar tracker’s gain 
index and the maximum average gain (IGM) that can be obtained with a 
solar tracker over the course of a year. It is calculated as the mean value for 
the four seasons of the year, taking specifically the values corresponding 
to the summer and winter solstice and spring and autumn equinoxes.

        
   

 

   

        (11)

whence,

IGS – Index of solar tracker gain by manufacturer. 

4. The utility of solar technology without solar tracker (with fixed support) 
UTF  is calculated by the expression:

                  

   

        (12)
whence,

CTF – Cost of the acquisition of the technology of electrical energy pro-
duction from solar energy, mounted on a fixed support;

Tf – Electricity consumption rate in the locality where the analysis will 
be carried out;

Pop – Operating power of the solar technology taking into account the 
factor of solar peak hours;

∆t – Time interval for which the utility analysis is performed. It can be 
a day, a month, a year, etc.
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5. The utility of solar technology with solar tracker (with mobile support) 
UTM: is calculated by the expression:

                                 

   

         (13)

So:

CS – Acquisition cost of solar tracker.

6. Index of utility: relation between the utility with mobile support and 
the utility with fixed support: 

      
   

                 (14)

With the proposed indexes, the solar tracker is selected and/or evaluated 
by the following procedure:

1. The commercial data of the solar tracker are obtained: Cost of acqui-
sition (CS), Index of profit (IGS), Index of consumption (ICS).

2. The commercial data of the electric production technology from the 
solar energy are obtained: Cost of acquisition (CTF), Nominal power 
(Pn).

3. Data are obtained from the location where the technology will be 
installed: latitude, solar peak hours or solar performance index (IRS), 
as well as the electric consumption tariff (Tf) of the locality.

4. The maximum average gain (IGM) and the operational power of the 
technology (Pop) are calculated for the geographic and climatological 
conditions of the place where the technology will be installed.

5. The Gain Comparison Index (ICG) is calculated.

6. The utility of technology with fixed support and mobile support for 
a certain time interval (usually one year) is calculated.

7. The utility index is calculated.
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8. The analysis is carried out and decisions are made as to whether or 
not the use of the solar tracker is feasible for the operating conditions 
of the electric energy production technology from solar energy.

Materials used

Irradiation map of Colombia, NASA database [34], for the average solar 
irradiance of the city of Tunja; current rates of kWh price, in the city of 
Tunja [35].

III. RESULTS AND DISCUSSION

Once the procedure was developed, it was applied to evaluate a mobile 
support. The data are recorded in Table 1. The data of the calculations of 
gain indexes are shown in Table 2, while the values of the utility index 
appear in Table 3.

Table 1. Data recorded for solar tracker evaluation

No Registered Data u/m Value

1 Cost of acquisition (Cs), COP 735.000

2 Solar Tracker Gain Index (IGS) – 1,4

3 Index of solar tracker consumption W/d 10

5 Electricity Consumption Rate COP/kWh 366

6 Latitude of the city of Tunja degrees 5,533

7 Cost of acquisition of the photovoltaic panel COP 3.200.000

8 Rated power (WP) of the photovoltaic panel W 1.000

9 Tunja Solar Performance Index 0,7
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Table 2. Calculation of gain index

γ = 0
δ

IGM H(β,γ)m23,44 0,0 -23,44 0,0

β H(β,γ) HSS IG H(β,γ) HSS IG H(β,γ) HSS IG H(β,γ) HSS IG

0 7,44 12,32 1,66 7,60 11,99 1,58 6,52 11,68 1,79 7,60 12,00 1,58 1,65 7,29

1 7,37 12,32 1,67 7,62 11,99 1,57 6,61 11,68 1,77 7,62 12,00 1,58 1,65 7,30

2 7,29 12,32 1,69 7,62 11,99 1,57 6,70 11,68 1,74 7,62 12,00 1,57 1,64 7,31

3 7,21 12,32 1,71 7,63 11,99 1,57 6,79 11,68 1,72 7,63 12,00 1,57 1,64 7,32

4 7,13 12,32 1,73 7,64 11,99 1,57 6,88 11,68 1,70 7,64 12,00 1,57 1,64 7,32

5 7,05 12,32 1,75 7,64 11,99 1,57 6,96 11,68 1,68 7,64 12,00 1,57 1,64 7,32

5,533 7,00 12,32 1,76 7,64 11,99 1,57 7,00 11,68 1,67 7,64 12,00 1,57 1,64 7,32

6 6,96 12,32 1,77 7,64 11,99 1,57 7,04 11,68 1,66 7,64 12,00 1,57 1,64 7,32

7 6,88 12,32 1,79 7,64 11,99 1,57 7,12 11,68 1,64 7,64 12,00 1,57 1,64 7,32

8 6,79 12,32 1,82 7,63 11,99 1,57 7,20 11,68 1,62 7,63 12,00 1,57 1,65 7,31

9 6,69 12,32 1,84 7,63 11,99 1,57 7,27 11,68 1,61 7,63 12,00 1,57 1,65 7,30

10 6,60 12,32 1,87 7,62 11,99 1,57 7,34 11,68 1,59 7,62 12,00 1,58 1,65 7,29

15 6,10 12,32 2,02 7,54 11,99 1,59 7,67 11,68 1,52 7,54 12,00 1,59 1,68 7,21

20 5,56 12,32 2,22 7,40 11,99 1,62 7,94 11,68 1,47 7,40 12,00 1,62 1,73 7,07

25 4,97 12,32 2,48 7,20 11,99 166, 8,15 11,68 1,43 7,20 12,00 1,67 1,81 6,88

On Table 2, it can be observed that the average gain index (IGM) is very stable 
for inclination angles between 0 and 10 degrees, as well as the production 
of electric energy from fixed-beam solar technologies (H(β,γ)). However, by 
increasing the inclination angle of the fixed support, the generation of fixed 
technology decreases its production and increases the rate of gain.
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Table 3. Calculation of the utility index

Years Days UTF UTM IU

1 -$3.196.950,70 -$3.930.736,10 -1,23

30 -$3.108.520,91 -$3.807.083,00 -1,22

1 365 -$2.087.004,46 -$2.378.676,50 -1,14

2 730 -$974.008,91 -$822.353,00 0,84

3 1095 $138.986,63 $733.970,50 5,28

4 1460 $1.251.982,17 $2.290.294,00 1,83

5 1825 $2.364.977,71 $3.846.617,50 1,63

6 2190 $3.477.973,26 $5.402.941,00 1,55

7 2555 $4.590.968,80 $6.959.264,50 1,52

8 2920 $5.703.964,34 $8.515.588,00 1,49

9 3285 $6.816.959,89 $10.071.911,50 1,48

10 3650 $7.929.955,43 $11.628.235,00 1,47

Table 3 shows that the usefulness of UTM mobile technologies for short pe-
riods (less than one year) is lower than the usefulness of fixed technologies 
due to their investment costs. However, as of the second year of operation, 
the profits of the mobile technologies are higher than the fixed ones and it is 
reflected in a positive utility index IU = 0,84, with a rapid tendency to grow. 
It becomes more stable as time goes on, with a slight tendency to decrease, 
due to the consumption of the engines for the mobile technologies. The 
factors that would increase the utility index would be a higher profit rate 
(from 1,4 to 1,64), a decrease in solar tracker investment costs, as well as 
engine consumption. It should be noted that the utility index has a faster 
growth rate for technologies with higher nominal powers.

IV. CONCLUSIONS

This investigation proposed a group of techno-economic indexes (average 
gain, comparative efficiency and profitability) as a first stage in the contri-
bution to the decision-making process on the suitability, or lack thereof, to 
use a solar tracker. With the designed indicators, a procedure that permits to 
evaluate the viability of the use of a solar tracker for a specific solar energy 



Carlos R. Batista-Rodríguez, Rosa I. Urquiza-Salgado
Elio R. Hidalgo-Batista

184 Ingeniería y Desarrollo. Universidad del Norte. Vol. 36 n.° 1: 172-186, 2018
ISSN: 0122-3461 (impreso)

2145-9371 (on line)

facility was developed, providing objective elements to make the decision; 
that is to select or not to select that technology. The use of solar trackers for 
technologies of greater power favors its utility index.

With the calculations made on the gain index, it can be observed that the 
average value obtained for fixed installations with an inclination angle equal 
to the latitude of the site is superior to the values registered in the literatu-
re, which shows the possibility of designing and developing trackers with 
higher solar gain, lowering manufacturing costs and lowering consumption 
rates as a way of using them in low-power photovoltaic generators.
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