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ABSTRACT

The principal objective of this study is to analyze the performance of sun-trackers devices compared with fixed flat
plate systems using data from a widely used irradiation prediction software (PVGIS). We analyze typical parameters as
daily and monthly sum of global irradiation (Hd and Hm) or average daily and monthly estimated electricity production
(Eh and Em) and also their associated costs and land requirements (usually described by the ground cover ratio, GCR). It
was observed that the influence of these two last parameters is quite important to the calculation of the payback time of
the whole installation. As a final result, it is concluded that although the dual-axis tracker allows the maximum energetic
performance, a 38% higher than a fixed system on average, if we take into account the GCR value and calculate the sur-
face performance ratio, the most efficient configuration is the horizontal-axis solar tracker. Copyright © 2013 John Wiley
& Sons, Ltd.
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1. INTRODUCTION

A solar tracker is a machine that is designed as a mounting
for photovoltaic panels so that they track the sun in such a
way that the panels are perpendicular at most part of time
to its rays, thereby increasing energetic production with
respect to fixed systems [1]. Although using sun-tracking
is not essential, its use can boost the collected energy in
different periods of time and geographical conditions [2,3].
Many types of solar trackers exist, which vary in terms of
cost, complexity and functions. They can also have varying
degrees of precision according to their intended use.

Currently, several types of trackers are offered [4]. We
can classify the sun tracker mechanisms according to the
following:

� its control system,
� the movements they perform.

According to the control system, sun trackers can be
mainly classified as [5]

(i) active controlled sun-trackers,

(ii) passive controlled sun trackers.

The active controlled sun trackers use motors and
mechanical systems to transmit to the sun tracker the
correct movements for sun tracking. These systems are pre-
cise, but, on the other hand, they are complex and with high
rates of maintenance. Their associated costs are related
with their precision accuracy.

The passive controlled sun trackers can be based on
memory shape alloys or, more often, in the use of two
cylinders and a liquefied gas with a low ebullition point. A
pressure increment generated by the sun heating transfers
the gas from a cylinder to the other one. This effect
allows the mechanism the sun tracking. These kinds of
systems are quite imprecise and not appropriate for certain
applications (as for example concentration photovoltaics
systems) [1].

On the other hand, the different models of trackers can
be classified according to the movements they perform, in
the following way [6]:

(i) Single-axis polar-mount trackers. This kind of
trackers are devices with a fixed N–S axis set at an
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appropriate tilt angle (normally close to the latitude
of the installation site), which acts as the rotation axis
of the photovoltaic panels, so that they track the daily
course of the sun [7].

(ii) Horizontal-axis trackers. They have a horizontal axis
that acts as a pivot for the panels, thereby allowing
seasonal tracking of the sun.

(iii) Vertical-axis or azimuth sun trackers. In this case, the
panel array rotates about a fixed vertical axis for daily
tracking [7].

(iv) Dual-axis sun trackers. These devices offer better
performance by enabling daily (E–W) and seasonal
(N–S) solar tracking. They can be based on differ-
ent configurations: polar-mount, rotating platform or
parallel kinematics.

Of particular interest in this study, according to [8],
is that more than 1/3 of the installations analyzed have
sun tracking: 24% have dual-axis tracking and 13% have
single-axis tracking. The rest are fixed systems.

Nowadays, the use of sun-tracking devices is rising
because of the concentrating photovoltaic (CPV) tech-
nology, which requires a high-precision tracking of the

sun [9]. High-concentration systems (C > 100x)� require
two-axis tracking with high precision (tolerances below
0.28 degrees) [10]. This kind of systems are intended to
be based on Fresnel lenses, on Cassegrain Optics or on
Light-guide Solar Optics systems (Figure 1). Medium con-
centration systems (10x< C < 100x) can generally be
divided into two groups: parabolic troughs and those using
Fresnel optics in the form of lenses or mirrors. They can
use dual-axis tracking or one-axis tracking, if they are lin-
ear devices. Finally, low concentration systems (C < 10x)
fall an extremely large number of devices and variations
based on very distinct technologies. In most cases, they are
static or with one-axis tracking [10,11].

2. MATERIAL AND METHODS

To estimate the performance of the different types of mech-
anisms in Spain, we have analyzed the results of the
Photovoltaic Geographical Information System (PVGIS)
estimation utility [12] for the six different locations shown
in Figure 2.

These locations has been selected due to its geographic
distribution and different values of solar irradiation, as it is
shown in Figure 3.

Several commercially available as well as free down-
loadable prediction software tools exist. These software
tools can be used to calculate the energy production of
a desired system by simply computing the system siz-
ing parameters. The most commonly used models for

� Factor C is the ratio between the aperture area of the primary
concentrator and the active cell area. C = 2x means that the
aperture area doubles the active cell area.

Figure 1. Example of a concentrating photovoltaic system
based on a Fresnel lense. Source: [10].

predicting the performance of grid-connected and residen-
tial PV systems are: PVWATTS, PVSYST, System Advisor
Model (SAM), MAUI, RETSCREEN and PVGIS [14,15]. A
quick overview of these models is presented hereafter.

The PVWATTS is a web based software model that cal-
culates electrical energy produced by a grid-connected
PV system. This model was developed by the Renewable
Resource Data Center, which is supported by the National
Center for Photovoltaics in the USA. The PVWATTS model
uses a 30-year average daily weather data from different
places in the USA to determine the daily amount of solar
energy (insolation), and uses it to calculate the amount of
energy a system will produce on the basis of the systems
configuration [16].

The PVSYST software is a European based PV sys-
tem predictor developed by the University of Geneva for
the European Center of Energy. This PC software pack-
age is suitable for studying, simulating and analyzing PV
systems. The software is suitable for both stand-alone and
grid-connected PV systems [17].

The System Advisor Model (SAM) was developed
in 1996 by The National Renewable Energy Labora-
tory (NREL) in the USA, jointly with Sandia National
Laboratory and in partnership with the US Department
of Energy (DOE) Solar Energy Technologies Program
(SETP). The SAM is able to evaluate several types of
financing (from residential to utility-scale) and a variety
of technology-specific cost models for several renewable
technologies. This software is widely used because of its
great database [18].

The MAUI solar modeling software program has a cli-
mate database of 239 locations in the continental US,
Alaska, Hawaii, Puerto Rico, and Guam. It is also capa-
ble of generating worldwide hourly climate generation
with 2 132 international climates database that compiles
any of the climates for use with the program. Users can
choose preset climates or create own climate files based on
user-defined data available for a particular site [19].

The RETSCREEN program is used in 222 countries by
about 136 000 users. It is capable of determining energy
productions, savings, life-cycle costs, emissions reduc-
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Figure 2. Studied locations in Spain. Adapted from Google Earth App.

Figure 3. Horizontal radiation in Spain. Source: [13].

tions, and energy production from multiple sources other
than PV [20].

The PVGIS incorporates a solar radiation database and
gives climatological data of Europe. This system makes it
possible to calculate long-term average values and daily
profiles of the irradiation on PV modules [21]. The PVGIS

estimates have been widely used by developers to compare
energy production between fixed and tracking installations
[22].

The main characteristics of the previous programs have
been summarized in Table I.

Due to the simplicity and extended use of PVGIS, we use
it here to calculate the theoretical achievable energy pro-
duction for different PV configurations. It offers enough
accuracy for carrying out the study [23].

The PVGIS needs data on solar radiation in order to
make estimates of the performance of PV systems and to
do the other calculations possible in the web application.
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Table I. Irradiation prediction softwares comparison.

Software License Application Accuracy

PVWATTS Free Worldwide Medium
PVSYST Shareware Worlwide Depends on database
SAM Free Worlwide (preferably USA) Depends on database
MAUI Private North America Very high
RETSCREEN Free Worlwide High
PVGIS Free Europe and Africa High

There exist a number of different sources of solar radia-
tion data, but none of them are perfect, so it is important
to understand the strengths and weaknesses of each data
source. In the new version of PVGIS (autumn 2010), it
included a choice of solar radiation databases for some
regions [22]. The two main sources of data on solar
radiation at the surface of the earth are as follows:

� ground measurements,
� calculations based on satellite data.

Direct measurements of the solar radiation at ground
level can be made with a number of different instruments.
One widely used instrument is the pyranometer. Typically,
this instrument measures all the radiation coming from
the sun and from the sky or clouds. When you want to
know the solar radiation at a specific place, ground station
measurements give the best results. It is also possible to
measure with a high time resolution, typically every minute
or even more often.

Possible problems with the measurements, apart from
failure in the measurement system itself, is that the sensor
may be covered with dirt, frost, or snow, or that the sensor
is shadowed by nearby trees or buildings for some of the
time during the year.

When there are no direct measurements at a given place,
it is still possible to estimate the solar radiation from
measurements made nearby. Of course, the quality of the
estimate will decrease as the distance to the measurement
site increases. It is also possible to combine data from sev-
eral different measurement locations to make an estimate
for the solar radiation in a place somewhere between the
measurement sites. This method was used in the original
PVGIS solar radiation database for Europe.

There are a large number of methods to estimate the
solar radiation at ground level using data sets from satel-
lites. Typically the satellites measure the light (visible or
infrared) coming from the Earth. This light is mainly the
light reflected from the ground or from clouds. The calcu-
lation of the solar radiation at ground level must therefore
be able to take into account the radiation absorbed by the
atmosphere as well as that reflected by clouds.

The new CM-SAF-PVGIS database for Europe and
Northern Africa is based on calculations from satellite
images performed by CM-SAF. The database represents
a total of 12 years of data. From the first generation of
Meteosat satellites, known as MFG, there are data from

1998 to 2005 and from the second-generation Meteosat
satellites (known as MSG) and there are data from June
2006 to May 2010 [24].

In this case, we preferred the new CM-SAF-PVGIS
database because it represents better results for the cases
we studied.

The parameters used in the PVGIS for each case study
are the same, and they are shown in Table II. Although the
PVGIS allows the user to simulate different PV technolo-
gies, in this case we have used the Unknown/Other option
because it provides the most conservative solution.

To simulate the PV energy production for a fixed sys-
tem, we optimized the azimuth angle (0ı South) and the
slope of the tilting surfaces for each location. For dual-axis
tracking, we set the optimum values for both angles auto-
matically. For vertical and inclined axis or polar tracking,
we also have optimized the slope angle. The PVGIS sys-
tem does not allow the user to simulate a horizontal-axis
tracker directly. For that case we simulated the installation
as a fixed one with different tilting angles from 15ı to 75ı

with 10ı step. Then, we have used the best results for each
month of the year obtained in Table III and can be mathe-
matically demonstrated with expression (1), which obtains
the cenit angle of the sun (�Z) [2]. The optimum slope
angles for most studied locations are shown in Figure 4.

cos(�Z) = sin(�) sin(ı) + cos(�) cos(ı) cos(!) (1)

where � is the geographical latitude (positive sign for the
North), ı is the declination, which depends on the day of
the year (Equation (2)), and ! is the hourly angle, which
expresses the sun hour in angle values.

ı = 23.45 sin

�
360

284 + N

365

�
(2)

where N is the day of the year.
Figure 4 is near symmetric and shows that the optimum

angle in winter is about 65ı, and in summer, its value is
close to 15ı.

3. RESULTS

In this section, we are going to compare the perfor-
mance ratios between the different sun trackers classified
in Section 1 according to their movement.
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Table II. The PVGIS parameters.

Parameter Value

PV technology Unknown/Other
Peak PV power 1 kWp
Estimated system losses 14%

Table III. Study of the optimum tilting angle. Values in the table are the simulated mean of global irradiation [kWh/m2] for the studied
location for each month of the year and each angle from 15ı to 75ı with variations of 10ı.

Month 15ı 25ı 35ı 45ı 55ı 65ı 75ı Max Optimum

Jan 60.3 67.8 73.8 78.0 80.3 80.7 79.0 80.7 65
Feb 83.8 92.2 98.4 102.0 104.0 102.0 98.5 104.0 55
Mar 138.0 146.0 152.0 153.0 151.0 145.0 136.0 153.0 45
Apr 155.0 158.0 157.0 153.0 145.0 134.0 119.0 158.0 25
May 193.0 191.0 185.0 175.0 161.0 144.0 123.0 193.0 15
Jun 217.0 212.0 202.0 188.0 169.0 147.0 123.0 217.0 15
Jul 235.0 231.0 221.0 207.0 187.0 163.0 136.0 235.0 15
Aug 211.0 213.0 211.0 203.0 190.0 172.0 150.0 213.0 25
Sep 166.0 175.0 179.0 179.0 175.0 165.0 152.0 179.0 35
Oct 111.0 121.0 128.0 132.0 133.0 130.0 124.0 133.0 55
Nov 72.1 81.1 88.2 93.2 95.8 95.9 93.6 95.9 65
Dec 58.8 67.6 74.8 80.2 83.5 84.7 83.7 84.7 65
Average 141.7 146.3 147.5 145.3 139.5 130.3 118.1 153.9 40

Figure 4. Optimum slope angles for most locations.

3.1. Location differences

First of all, we have to analyze if there are too many differ-
ences between the results from one location and another.
Table IV shows the standard deviations of the studied
parameters referred to the average value taken into account
for the other analysis. In this case, we can take the average
value and generalize the results to the whole Spanish ter-
ritory, because the standard deviations are small (less than
10%). However, for most accurate studies, we have to take
this fact into account, and the results must be reviewed.

In Table IV Ed is the average daily electricity produc-
tion, Em is the average monthly electricity production, Hd
is the average daily sum of global irradiation and Hm is the
average monthly sum of global irradiation.

3.2. Production analysis

Table V shows the average daily sum of global irradiation
on a fixed system and the increased performance for each
solar tracker system. We can conclude that the more effi-
cient system is the dual-axis sun tracker with 38.43% better
performance ratio than a fixed system. On the other hand,
the horizontal axis sun tracker only improves by 5.87%.
Results can be compared in Figure 5.

Table VI shows another important parameter: the aver-
age monthly electricity production for a fixed system
and the increased performance for each sun-tracker sys-
tem. We notice that results are quite slightly different
from the Hd parameter. Nevertheless, the dual-axis sys-
tem still achieves the best performance, 38.01% better
than a fixed system. The horizontal-axis system is also the
worst tracker, but improves by 6.12% of the energy pro-
duction. Results for the whole year can be compared also
in Figure 6.

It is important to notice that the increased performances
among a vertical-axis sun tracker, polar-mount sun tracker
and dual-axis sun tracker are very close.

Figure 7 shows the increased performance for each sys-
tem, taking into account the average monthly electricity
production.

We also can analyze the performance for each month
of the year in Figure 8. In this figure, we notice that the
performance ratio increases at most in summer for all sun-
tracking systems, specially for the dual-axis sun tracker.
For that system, the performance in June can be 56.08%
higher than a fixed system. On the other hand, in January,
the performance only increases 29.67%. The vertical-axis
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Table IV. Standard deviation for each analyzed parameter.

Parameter Fixed sys. [%] Vert. S.T. [%] Hor. S.T. [%] Polar S.T. [%] Two-axis S.T. [%]

Ed 8.06 8.55 8.51 8.60 8.82
Em 8.05 8.55 8.51 8.59 8.80
Hd 7.98 8.45 8.40 8.50 8.75
Hm 7.97 8.47 8.38 8.48 8.71
Average 8.01 8.50 8.45 8.54 8.77

Note: Ed, average daily electricity production; Em, average monthly electricity production; Hd, average daily sum of

global irradiation; Hm, average monthly sum of global irradiation.

Table V. Increased performance in the average daily sum of global irradiation between the different
sun-tracker systems (Hd).

Month Fixed [kWh] Vert. S.T. [%] Hor. S.T. [%] Polar S.T. [%] Two-axis S.T. [%]

Jan 3.63 24.67 11.85 19.80 28.43
Feb 4.39 25.27 5.85 23.97 27.74
Mar 5.57 29.15 0.87 31.22 31.61
Apr 5.94 32.58 0.65 35.42 36.40
May 6.32 38.59 5.40 39.85 44.86
Jun 6.88 44.89 8.79 44.75 53.03
Jul 7.15 44.55 7.42 45.42 52.30
Ag 6.94 36.88 1.90 39.74 41.99
Sep 6.10 29.99 0.03 32.50 32.53
Oct 4.79 25.76 3.41 25.76 27.88
Nov 4.13 25.06 10.21 21.19 28.49
Dec 3.42 24.85 14.08 18.86 29.53
Average 5.44 31.85 5.87 33.64 38.03

Figure 5. Average daily sum of global irradiation.

and polar-mount sun trackers have similar behaviors as
the dual-axis sun tracker. However, the horizontal-axis sun
tracker improves its performance in summer and winter
near by 12–15%, but in spring and autumn, it has near the
same performance as a fixed system, because the inclined
angle is the same.

3.3. Surface performance ratio

Table VII analyzes what happens if we take into account
the surface needed for each sun-tracker system. The area
occupied for each system has been estimated, according
to the shadows generated in a horizontal land and the
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Table VI. Increased performance in the average monthly electricity production between the different
sun-tracker systems (Em).

Month Fixed [kWh] [%] Vert. S.T. [%] Hor. S.T. [%] Polar S.T. [%] Two-axis S.T. [%]

Jan 86.00 25.83 12.54 20.68 29.67
Feb 93.87 26.15 6.14 24.68 28.75
Mar 131.33 30.71 0.89 32.74 33.25
Apr 135.17 34.65 0.62 37.48 38.22
May 148.33 40.90 5.51 42.25 47.42
Jun 156.33 47.44 9.17 47.44 56.08
Jul 168.00 46.83 7.64 48.02 55.16
Ag 163.33 38.98 2.14 42.04 44.08
Sep 139.50 31.54 –0.12 33.93 34.29
Oct 113.40 26.84 3.47 26.84 29.04
Nov 94.82 26.12 10.62 22.11 29.51
Dec 81.05 26.05 14.83 19.56 30.68
Average 125.93 33.50 6.12 33.15 38.01

Figure 6. Average monthly electricity production.

Figure 7. Increased performance in average monthly electricity production.
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Figure 8. Em increased performance ratio for each month.

Table VII. Increased surface performance from fixed systems.

Tracker Shadows [%] Area [m2] kWp/m2 Energy [kWh] kWh/m2

Fixed system 0.50 14 600 0.0682 1 503 578 103.0
Azimuth S.T. 3.00 24 500 0.0396 1 981 274 80.9
Hor.-axis S.T. 0.50 14 600 0.0682 1 586 395 108.7
Polar S.T. 3.00 25 900 0.0375 1 985 105 76.6
Two-axis S.T. 3.00 49 400 0.0196 2 178 708 44.1

Figure 9. Shadows between dual-axis trackers (b = 0.475). Source: [13].

limited tracking angle [13,25,26]. Figure 9 is an abaqus
to calculate the North–South distance (Lns) and the East–
West distance (Lew) between dual-axis trackers with an
aspect ratio b = 0.475 (lenght/width of the PV array).
The theoretical values match with those from known real
installations.

Some authors use a specific parameter called ground
cover ratio (GCR) [27,28], which is defined as the ratio of

the PV array area (SPV) to total ground area for the system
(Sground), as it is shown in Equation (3).

GCR =
SPV

Sground
(3)

However, we use an equivalent but more representative
parameter called surface performance ratio (SPR). This has
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been defined as the ratio of the energy produced (E) and
ground area occupied by the system (4). Both parameters
are directly proportional to the installed peak power.

SPR =
E

Sground
(4)

In this case, and as it is represented in Figures 10 and 11,
the better system is the horizontal-axis sun tracker, because
it needs about the same area as a fixed system but increases
the energy production. The worst system from this point of
view is the dual-axis sun tracker because it generates a lot
of shadows and so, it needs large distances between each
device.

Table VIII compares the performance ratios for each
system taking into account only the energy production or
considering also the installation surface needed.

3.4. Payback time analysis

We finally analyzed the payback time for each installa-
tion, taking into account both performance ratios described

Figure 10. Surface production for each technology.

Figure 11. Increased surface performance with respect to a
fixed system.

Table VIII. Increased performance ratios from a fixed
system.

Tracker Inc. perf. [%] Inc. surf. perf. [%]

Azimuth S.T. 33.5 –21.5

Hor.-axis S.T. 6.1 5.5
Polar S.T. 33.2 –25.6

Two-axis S.T. 38.0 –57.2

Table IX. Payback time analysis.

Tracker Cost [eur/kWp] PR 1 PR 2

Fixed sys. 1 450.00 1.00 1.00
Vert. S.T. 2 015.17 1.05 1.77
Hor. S.T. 2 165.67 1.41 1.41
Polar S.T. 2 140.29 1.12 1.98
2-axis S.T. 2 228.65 1.09 3.68

before. To do this, we have collected information for the
average cost of each sort of sun tracker from the manu-
facturers and installers [4] and compared it with the cost
that a fixed system involves [29]. The results are shown
in Table IX (where PR 1 is the payback ratio consider-
ing the energy production ratio and PR 2 is the payback
ratio considering the surface performance ratio) and also in
Figures 12 and 13. The payback ratio is calculated with the
expression (7).

FPT =
i + if
c � pf

(5)

FPT is the payback time for fixed systems measured in
years, where i is the inversion costs of the installation
except the mounting structure in euros, if is the cost of
the mounting structure in euros, c is the retribution of the
produced energy in euros/kWh and p is the yearly energy
production in kWh/year.

TPT =
i + it
c � pt

(6)

TPT is the payback time for tracker systems measured in
years, where it is the cost of the tracker device measured in
euros.

PR =
TPT

FPT
=

i+it
c�pt
i+if
c�pf

=
i + it
i + if

�
pf

pt
(7)

There is a big difference if we take into account the sim-
ple energy production performance ratio or if we consider
the surface performance ratio. In the first case, a dual-axis
sun-tracking system only needs a 0.09 times larger pay-
back time than a fixed system, but in the second case, the
same system needs a 2.68 times larger payback time. On
the other hand, a horizontal-axis sun tracker has a 41%
larger payback time for both cases.

1018 Prog. Photovolt: Res. Appl. 2013; 22:1010–1022 © 2013 John Wiley & Sons, Ltd.
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Figure 12. Payback time comparison taking into account the energy production ratio.

Figure 13. Payback time comparison taking into account the surface performance ratio.

Figure 14. Spanish photovoltaic zones, where H is the horizontal global radiation. Source: [30].

3.5. Equivalent production hours

We have considered it is important to know the concept of
equivalent production hours (EPH) mentioned on the latest

Spanish PV regulation [30]. This law established a max-
imum limit of production for each type of technology
and geographical location of the installation. Figure 14
shows the five areas in which the spanish territory has been
divided according to its photovoltaic potential.

Prog. Photovolt: Res. Appl. 2013; 22:1010–1022 © 2013 John Wiley & Sons, Ltd. 1019
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Table X. Comparison of the HEQ values for PV estimations and the maximum limit.

Zone Fixed Syst. One-axis S.T Two-axis S.T.

Zone I 1 232 1 602 1 664

PV est. I 1 348 1 825 1 882

Error I [%] 9.38 13.95 13.09
Zone II 1 362 1 770 1 838

PV est. II 1 345 1 801 1 854

Error II [%] –1.27 1.73 0.85
Zone III 1 492 1 940 2 015

PV est. III 1 539 2 059 2 130

Error III [%] 3.17 6.13 5.71
Zone IV 1 632 2 122 2 204

PV est. IV 1 570 2 144 2 220

Error IV [%] –3.83 1.04 0.73
Zone V 1 753 2 279 2 367

PV est. V 1 650 2 262 2 343

Error V [%] –5.86 –0.75 –1.01

Avg. Error [%] 0.32 4.42 3.87

The EPH is defined as the ratio of the yearly energy
production, measured in kWh (E), and the nominal power
of the installation in kW (P), as it is shown in Equation (8).

EPH =
E

P
(8)

This is a very important factor to calculate the real
performance of our installations. If we produce more
EPH than the maximum limit along the year, that pro-
duction will not be supported by the Spanish Government
(currently, since January 2012 the incentive payments are
temporarily called off by RD-L 1/2012), and so, we will
have to sell that energy in the Pull Market (at very low
prices). Thus, we have to take into account that limit,
and we should use the worst value between the PV esti-
mation and the limit to calculate the real energy perfor-
mance. Table X shows the comparison between the PV
estimation with PVGIS and the regulation limit for each
geographical area.

As shown in Table X, the PV production estimation
used to obtain a higher EPH than the maximum regulated
limit; so, we have to be aware of this, specially in analyzing
the financial profitability of our installation. The maximum
error achieves the 14% in some cases, and it is higher when
we consider a tracking system.

4. CONCLUSIONS

There is not an ideal tracker device for all possible instal-
lation cases. Designers and engineers have to take into
account the advantages and disadvantages from each track-
ing system. For not grid connected installations, domesti-
cal ones or power size less than 20 kWp a fixed system
could be enough, but if we dispose of an installation of
more than 100 kWp, we will be really interested in increas-
ing the performance ratio, and we must install a tracking
system to maximize the profit. In this case, we have to
be aware of the surface performance ratio (SPR), which is

higher in horizontal-axis tracking systems as it has been
demonstrated. These devices are also simple and easy to
control and maintain [4].

On the other hand, if we have enough space or we face a
CPV, the dual-axis tracking device allows us to achieve the
best energy production performance ratio [31,32]. How-
ever, a well configured azimuth-axis or polar-mount sun
tracker can achieve close results, and they are less complex
devices. Azimuth tracking (included in the dual-axis solar
trackers) is specially interesting in summer applications as
can be seen in the production analysis results.

The ideal tracker device has anyway to be a simply
assembled mechanism, which requires easy low-levels of
maintenance.

It may be highlighted that the majority of applications
developed to date are principally intended to be mounted
on the ground. However, recent Spanish and European
countries legislation on photovoltaic energy is restricting
their expansion on the ground, and is leading to the devel-
opment of smaller and more compact trackers that are
adaptable to storage center or household rooftops, where
the regulatory limitations are at present less restrictive
[30,33].

Finally, we want to highlight the importance of taking
into account the equivalent production hours (EPH) when
we calculate the profitability of our installation. The error
in real profitable production can achieve near the 14% in
some cases and 3% on average. This fact will help us to
optimize the configuration of our installations.
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