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Abstract- A prototype of a small modularity parabolic dish reflector or PDR solar collector with two-axis solar tracking 
system was designed and built at the National Polytechnic Institute (IPN) in México. The purpose is to generate high 
temperature thermal energy for application in services of small and medium industry as well as domestic uses. The solar 
tracking in two-axis was developed based on angular relationships and a control system with proportional-integral action so 
that even when there is an obstruction of solar radiation either by cloud cover, buildings, trees or any other object that 
generates shade, the collector remains oriented towards the Sun. For operating and monitoring the prototype, a flow control 
module and a human machine interface or HMI were developed and implemented, allowing by means of a computer interface, 
the monitoring of solar radiation, temperature for thermal evaluation. The experimental data obtained indicated that the 
prototype can generate 30 kg of steam saturated starting from water at an ambient temperature of 298 K.  
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1. Introduction 

The energy demand for any country increases as well as 
the growth in its population, being the traditional 
combustibles the main source for supplying the population 
energy requirements. However, the excessive use of fossil 
combustibles has become prohibitive due to the 
environmental problems as the global warming, also is the 
fact that the reserves of petroleum are wasting away and 
there is incertitude about the amount in the reserves, and the 
high dependence of the petroleum jeopardize the future in 
terms of energy use [1, 2]. Contrary to the conventional 
energy sources, the sustainable energy sources present a real 
alternative to produce the energy requirement for the society, 
in addition some of them are everlasting and do not produce 
negative effects to the environment. At the same time, these 
alternatives have an important role in the near future to 
provide the energy to the global world because the 
development of a country will be in close relation to the 
technological development of sustainable strategies for 
producing the energy its society requires [3-5]. In this sense, 
solar energy is the highest energy source since it is a 
renewable resource that is clean, economical, and has less 

pollution compared to other resources and energy [6, 7]. It is 
estimated that in 84 minutes arrives to the earth near to 900 
EJ of energy from the sun, that is equivalent to the total 
annual world demand of energy [8], although we are utilizing 
the fraction of it, it is capable of fulfilling the world’s energy 
demand to a large extent [9]. In specific, the average daily 
solar radiation impinging Mexico is 5.9 kWh/m2-day [10], 
this value gives a clear idea of the solar resource and its 
potential availability for being use as energy source for 
industrial, service and domestic applications. 

Several technologies have been developed in order to use 
the solar energy for producing energy. The efficiency of 
these technologies depends on the way of collecting the solar 
resource, being the most widely used the flat plate collectors, 
which reach temperatures of the order of 60 degrees then 
their applications are limited to low thermal conditions, in 
addition an enormous collecting areas are needed for 
providing important amounts of energy [11]. Alternate 
options for supply thermal energy of high quality are the 
concentrating collectors such as the solar dish or parabolic 
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Nomenclature 
 
Dispersion angle 
Maximum concentration ratio 
Rim angle 
Incident angle  
Zenith angle  
Inclination angle of the collecting surface 
Solar azimuth angle  
Azimuth angle of the collecting surface 
Altitude angle  
Normal to horizontal plane 
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Acronyms 
 
Parabolic Dish Reflector 
Programmable Logic Controller 
Proportional-Integral 
Human Machine Interface 
 

 
 
 
PDR 
PLC 
PI 
HMI 

 

 

dish reflector (PDR). In particular, this technology is the only 
way to get high temperatures from the sun radiation on earth 
[12] and the most efficient way for producing electric energy 
and in some cases an efficiency of 25% can be reached [13]. 
The PDR devices are tools for capturing the solar energy, if 
the direction of light beam to be along the symmetry axes of 
the parabolic reflector surface, the instrument concentrates it 
in a small area with high irradiance. The solar dish can 
produce electric energy or other kinds of energy too. It is 
important that the parabolic dish is along the sun direction. 
To get this, a computer programing and apparatus based on 
astronomical data and calculations are usually employed 
[14].  

The whole system for solar alignment is defined as 
tracking system, different authors give the classification 
according to the movement capability, three main types of 
sun tracker can be found: fixed surfaces [15], single-axis 
trackers [16] and two-axis trackers [17]. The concentrated 
solar technologies require the use of two-axis tracking 
system, with the exception of trough-style systems, which 
require only single-axis tracking. Unfortunately, in 
comparison with the single-axis tracker, two-axis trackers are 
often complex and, therefore, also unreliable and expensive, 
trackers alone can constitute up to 40% of the capital cost for 
collectors systems [18]. As the sun's position changes 
throughout the day, the solar tracker is a more efficient 
method of increasing the energy production. So the solar 
tracker is being studied by more and more researchers [19]. 
Even more, Abdallah and Nijmeh [17], mentioned that a two 
axis tracking systems increases over 75% in the collected 
energy when compared with an identical fixed system. In 
their work, they design a two axis tracking system controlled 
by a PLC system and an electromechanical set up. 

According to El Jaouhari and co-workers [20], recently 
the trackers systems are based on electronic circuits and 
mechanisms driven by control motors and some of them are 
based on photo sensors which are extremely inefficient in 
cloudy days. In their work, they proposed a computer vision 
technique in addition to a programmed algorithm to identify 
the brightest region and then align the motors to the right 
angles to positioning the concentrator towards the sun. Even  

 

though this technique is extremely accurate, the cost could be 
prohibitive due to the implementations of sophisticated 
image acquisition system. An alternative is the combination 
of electronic micro controller unit and GPS information to 
find the sun position which is presented in other work [21].  

In the other hand Mawire and Taole [22] indicated that 
several efforts have conducted for studying the performance 
of small scale parabolic dish concentrators for domestic 
applications.  

In particular, in Mexico the PDR technology is new and 
until now their applications have been focusing to high scale 
applications, mainly for steam production for supply 
thermoelectric power plants. Here, the principal feature for 
its high efficiency is related to the fact that the collector is 
directly positioned to the sun, by means of a two-axis solar 
tracking system, however, these movements consume 
important quantities of energy in addition to their elevate 
cost for construction and maintenance [23]. 

The design and construction of a solar collector PDR 
prototype with two-axis solar tracking system is the main 
point in this work. The particularity of the project is that the 
PDR has a small modularity without use costly and complex 
sensors, devices and control systems in order to produce high 
thermal energy for applications in the small and medium 
industries, service and even domestic applications. The solar 
tracking system was designed to work following the sun´s 
path by just introducing the geographical position, with the 
particularity of a closed loop for each axis by the 
implementation of precision potentiometer in order to 
measure the angular displacement with the performance of a 
Proportional-Integral action control. The PDR´s design and 
its operation are described in sections below.  

 

2. PDR solar prototype 

When designing a solar collector, the main objective is 
obtained the maximum of the solar radiation and transforms 
it into a useful form of energy. In the case of a PDR the sun 
tracking is the most important feature that directly impacts 
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the thermal efficiency of the system, in this case it has been 
reported that the sun tracking increases in 30% the efficiency 
[24]. Another important geometric feature to be consider is 
the concentration ratio that can be defined as the maximum 
of radiation obtained, based on interception of all of the 
specularly reflected radiation contained within the cone of 
angular width 0.534+d [25]. According with Duffie and 
Beckman [26], mathematically this value can be computed 
from equation (1).  

          (1) 

The inclusion of the factor d, named dispersion angle, 
allows the consideration of angular errors associated to an 
inadequate solar sun’s tracking, rugosity on the surface’s 
reflexion, and an inappropriate curvature in the dish reflector. 
In other words, depending on this parameters it can be know 
the increases in the amplitude of the reflected radiation in the 
concentrator. These errors have been experimentally 
obtained making use of statistics tools [27]. 

From equation (1) it can be observed that the 
concentration ratio depends on the rim angle, and a 
maximum in the concentration ratio is obtained when it is 
fixed at 45 degrees, resulting in a Cmax real = 280. Due to 
these values result in a maximum of concentration, then these 
parameters was considered for sizing the parabolic dish. 

Once the rim angle for a maximum concentration ratio is 
fixed, it is needed to compute the optimums mirror radius 
and focal length for producing in the focal point an image the 
large enough for installing a device that captures the 
reflected energy and then transforms it into thermal energy. 
The small modularity proposal must to be satisfied in 
accordance to the objectives of the project. 

According to the before mentioned criteria, dish’s 
diameters smaller than 1m produce an extremely small focal 
images to allocate a functional heat exchanger in the focal 
point. In the other side, diameters larger than 1.75 m are too 
large for being considering as a small modularity PDR. The 
alternative is proposing a dish´s diameter in the range of 1 to 
1.5 m [28]. Hence, the dish diameter choose was 1.5 m, 
because this dimension allowed the largest size in the image 
and then a better use of the solar resource will be obtained. 
Table 1 summarizes the geometrical dimensions and 
technical specifications of the small modularity PDR. 

The absorber is located at the focal point of the parabolic 
dish and all the radiative energy will be concentrated in this 
point in order to convert the solar radiation into thermal 
energy. Once the radiative energy is focused in the absorber 
a working fluid is forced to pass through the absorber. As 
result of convective heat transfer the fluid flowing through 
the absorber will increases its temperature. For this project, 
the absorber is a 0.15 m in diameter and 0.05 m high 
cylindrical cavity built in stainless steel. The dimensions 
where computed according to the optimal image size. 

 

 

Table 1. Technical specifications of the concentrator dish 
Characteristic Specification 

Collecting area 12.55 m2 

Rim angle 45° 

Diameter 1.5 m 

Focal length 0.9 m 

Mirror radius 1.06 m 

Focal image 0.15 m 

Dish body material Fiberglass 

Reflecting film Mylar 

Mylar reflectivity 0.85 

Total weight 20 kg 

 

2.1. Solar tracking. 

In order to get the most of direct solar radiation incident 
in the PDR some devices have been equipped with a solar 
tracking system, in addition this mechanism allows to 
diminish the solar incident angle impacting positively in the 
energy captured by the reflector and increase their efficiency 
[17]. An ideal tracker would allow the PDR to accurately 
point towards the sun, compensating for both changes in the 
altitude angle of the sun to track the sun throughout the day, 
latitudinal offset of the sun during the seasonal change and 
changes in azimuth angle [29]. 

There are several tracking system, the most appropriated 
for a PDR is the two axis tracking. Even though it is the most 
expensive, it is the most efficient, because the PDR all the 
time is directly aligned to the sun. According to Duffie and 
Beckman [26] the solar position in the sky depends on the 
day, the latitude and the longitude and can be computed by 
means of the following relations: 

                                                               (2) 

                                                                    (3) 

                                                                      (4) 

The equation (2) implies that the axis normal to the 
collector’s surface is always aligned to the sun; hence the 
incident angle q must be equal to zero. In addition, in 
equation (3) the inclination angle of the collecting surface b 
has to be equal to the zenith angle qz. The zenith angle is 
measured between the normal to the horizontal plane and the 
sun position, resulting in the sun’s altitude a. The relation in 
equation (4) establishes equality between the sun´s azimuth 
angle gs and the collector´s azimuth angle g. It can be said 
that for a correct tracking of the sun, it is necessary to obtain 
the solar azimuth angle gs and the altitude angle a, according 
to Fig. 1. The complete mathematical development of the 
before mentioned angles can be detailed found in Duffie and 
Beckman [26].  
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Figure 1.  Two-axis solar tracking configuration [11]. 

 

2.2. Mechanical support and movement system. 

The tracking system designed for the small modularity 
PDR is divided in two parts. The first one consists on a pair 
of gear boxes that moves two axes, one in azimuth direction 
and the other in elevation axis; together they conform the two 
axis tracking system. The second one is associated to the 
mechanical structure to support the entire system including 
the dish reflector. 

The mechanical composition and design of the boxes 
gear is an important aspect for the PDR, because is by their 
activating that each axis is precisely moved, and the sun´s 
path can be reproduced by the system. In summary, a group 
of four gears are working together such that for a half of a 
revolution of the motor, each axis is displaced one degree. A 
complete description of these mechanisms can be found in 
previous work by the author [28]. Fig. 2 shows a schematic 
diagram of the structure and the position of each box gear 
that works in conjunction to make possible the two axis 
tracking system. The mechanical structure is made of 
stainless steel to resists the corrosive effects of the 
environment and is the strong and rigid enough to give 
flexibility and support to the entire PDR system.  

3. Automatic solar tracking system 

The successful of the concentration collectors is 
associated with the aligned of the solar device respect to the 
sun. Some authors specify that the thermal efficiency can be 
increased if the dish is all the time oriented towards the sun 
[30]. 

Generally there are well-known kinds of control systems 
for solar energy tools and so much researches have been 
done about them. We can classify them according to their 
performance in five parts: (a) Passive; (b) Microprocessor; 
(c) Electro-optic; (d) Microprocessor and electro-optically 
control systems [9] and (e) Modern computerized control 
systems [17, 21]. 

 

 

Figure 2. General design of the mechanical structure for the 
solar collector tracking system. (a) Lateral view. (b) 

Isometric view. 

 

The passive systems track the sun without any electronic 
controls or motors [31, 32], one type of this performance 
utilizes the concept of materials thermal expansion [21]. The 
sun tracking systems supported by microprocessor controller 
(without the optical sensors) are based on mathematical 
relations for finding the sun direction [14]. The electro-optic 
performance utilizes photo sensors used to discriminate the 
sun’s position and send electrical signals proportional to the 
error to the controller, which actuates motors to track the sun. 
Many authors have adopted this method as a basis in 
construction and design of solar tracking systems [17]. The 
newest types of the controllers are those that use both the 
microprocessor and electro-optically control systems where 
they are very practical for exact measurements, such as a 
control device  based on computer image processing of a bar 
shadow [14]. Finally the modern computerized control 
systems are those based in a programmable logic controller 
(PLC) control system or in a fuzzy control system [24, 33].  

For this project the solar tracking is based on the angular 
relations before mentioned in previous section, such that the 
collector is always in direct line to the sun, even if there are 
clouds, buildings, trees or any other object that can be a 
potential obstruction of the solar radiation. The PDR is 
receiving all the radiation and operates at a maximum 
temperature keeping the working substance at a high 
temperature most of the time. A detailed description of the 
control strategy for the small modularity PDR will be 
described next. 

3.1. Control system 

The controller is the element where all the electronics is 
allocated in order to provide an adequate answer for the 
mechanical devices that work for producing the movement 
for tracking the sun's path. Is in this part where the algorithm 
is programmed in order to obtain the correct angles and 
produce the electric pulses for manipulating the motors for 
each axis. Physically, the controller is a microprocessor, its 
own software and a minimum power system for its operation. 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
P. Durán Medina et al., Vol.9, No.3, September, 2019 

 1504 

In a first stage the control strategy implemented for the 
PDR is the kind of closed-loop with an integral-proportional 
or simply PI control action. Here, it is pretended to obtain a 
better control in the motors activation thanks to a feedback 
electric signal that ensures the correct position for each axis. 
Two control loops are programmed, both of them with the 
same control strategy and one is destined for the azimuthal 
axis (0°-180°) and the other one is for the elevation axis (0°-
90°). It is important to mention that for a displacement 
equivalent to one degree, in the motor it is necessary half of a 
revolution. Figure 3 is used to show the flow chart for the 
control strategy. 

 

Figure 3. Control system block diagram. 

 
The positioning of the PDR is the medullar part of the 

microprocessor and starts with the input of data as date, time, 
latitude, longitude, and standard longitude, where the PDR 
system will be installed. Once this information is given, the 
microprocessor computes the operations and sends the 
activation signals to the control board to each motor. These 
control boards are dual, with the purpose of inverting the 
polarity, for allowing both directions of motor rotation. This 
board is the responsible of turning on and turning off the 
motors for azimuth and elevation.  

The control system warrants the movement making a 
gradual displacement for the angular movement in the 
motors, ensuring that the azimuth and elevation positions of 
the sun are correctly reproduced and the PDR is directly 
aligned to the sun. Once the movement has been produced, 
the angular displacement is measured by means of a 10 kW 
precision potentiometer coupled to each axis, this signal is 
feedback and compared with the theoretical angular position, 
in such manner that an error signal is obtained and it will be 
corrected by the controller. Each potentiometer works at 5 V 
DC, such that the output voltage is a reference for the 
displacement angle for each axis. In fact that the sun moves 
at a rate of 15° per hour [34], the tracking system is not 
continuously in movement, however a movement in the 
system depends on the error magnitude between the focal 
point position and the sun. 

3.2. Fluid flow control 

To convert the solar radiation impinging in the PDR in 
thermal energy, a fluid flow is forced to pass through the 
absorber as can be appreciated in Fig. 4.  

 

Figure 4.  Process diagram for forced convection into the 
collector. 

 
To obtain the highest temperature at the exit of the 

absorber, the working fluid must to remain the maximum 
time inside the absorber; hence it is necessary to work with 
small flows, in the order of 1 to 3 lpm. In this sense, a 
computer interface for controlling and measure the flow was 
built, as can be appreciate in Fig. 5. The flow control module 
uses a 24 V pump, an electronic flow sensor, and a local flow 
meter. The control flow system is automatized by means of 
an independent electronic controller that is synchronized 
with the principal controller. 

 

 
Figure 5.  Flow control module prototype. 
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Table 2. Summary of accuracy, uncertainty and resolution for experimental measurements. 

Instrumentation Model Range Resolution Units Accuracy Uncertainty 

Pyranometer MacSolar 0-1500 1 W/m2 ±1 < 3% ±1 

Rotameter MMA-42 0.3-3.5 0.25 lpm ±4 % -- 

Electronic Flow sensor OF-201 1-10 0.005 lpm ±2 % -- 

Thermocouple J 0-900 0.001 °C ±0.001 -- 

  
For operating the entire PDR system; including the two 

axis tracking and the fluid flow control, it was developed a 
HMI interface as can be appreciated in Fig. 6. With this 
application the entire operation is extremely simple, allowing 
the register of the process variables as flow, temperatures at 
the inlet and output of the dish, and the tracking position. A 
summary of the accuracy, uncertainty and resolution of the 
main measurement devices used for the experimentation is 
provided in the Table 2.   

4. Results and discussion 

For testing the tracking system it was necessary to 
characterized the movement’s sensor coupled to each axis 
and determine the maximum and minimum real resistance as 
shown in Table 3, then the averaged value were fixed as the 
reference initial value. 

Table 3. Values given by the potentiometer. 

Value Resistance  Voltage  

Minimum 1.90 KΩ 0.09 V 

Middle 2.74 KΩ 2.69 V 

Maximum 9.42 KΩ 4.93 V 

 

A relation between the voltage values and the angular 
displacement obtained after several measurements for the 
operating range for each axis is obtained in order to calibrate 
the sensors. Table 4 shows the correspondence for each 
measurement. These values will be given as data to the HMI 
for the correct alignment of the parabolic dish.  

The PI controller adjusted was made by the Ziegler-
Nichols [35] method. This implementation produced the gain 
for each axis according to the values in Table 5.  

After the controller is adjusted and the relation to the 
angular displacement and voltage are fixed, the next step is 
to find the reference signal (set point) based on the relations 
for the azimuth and altitude angles for the geographical 
location where the testing is made. In the present case this 
values were fixed for latitude 19.5°, standard longitude -90°, 

local longitude -99°. The computed results are compared to 
the position of the tracking system as can be seen in Table 6. 

The results showed that the control is excellent to align 
the tracking system in the sun position and therefore the 
azimuth and altitude angles are completely well reproduced. 
In the worst case a difference of two degrees is presented for 
altitude angle, as reported in table 6. The maximum error 
found in the alignment falls in the acceptable order or error 
reported in the specialized literature [21]. In order to verify 
the performance of the tracking the estimation of the focused 
radiation and the temperature on the absorber´s surface for 
different testing proofs were developed.  

Table 4. Relationship between angular displacement and 
voltage output given by the potentiometer in each axis. 

Azimuth Altitude 

Grades Voltage 

V 

Grades Voltage 

V 

179 4.09 90 2.61 

135 3.72 85 2.48 

90 3.29 80 2.37 

45 2.87 75 2.29 

0 2.48 70 2.15 

-45 2.07 65 2.04 

-90 1.66 60 1.98 

-135 1.24 55 1.87 

 

Table 5. Gains for PI controller. 

Axis Kp Ki 

Altitude 2.7 3.8 

Azimuth 9.93 7.21 
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It is important to mention that the proposed prototype as 
well as the control strategy depend only on the coordinates 
where the system will be installed, and once it has been 
determined that the operation is appropriate, it can be said 
that the use of the system is global for any point around the 
world, and the results of the alignment will be adequate. 

The proposed tracking strategy properly operates even 
for cloudy or not favorably weather conditions. It can be said 
that the control and the HMI make easily the manipulation 
and operation of the dish orientation. In this sense, the 
easiness of the interface also allows the data acquisition for 
evaluation of the system. For proving the thermal capability 
of this solar prototype the thermal evaluation was conducted 
and the results are described next.  

The focused solar irradiation on the absorber was 
computed considering the measured solar radiation incident 
in a horizontal plane. The instrument was a pyrometer 
calibrated under an air mass of 1.5, a GT = 1000 W/m2 at 
25° C. Based on these measurements the Erbs’s correlation 
[36] was used for computing the direct solar radiation normal 
to the dish‘s aperture. This flux was used for evaluating the 
useful energy in the absorber. The temperature in the 
absorber was monitored by means a J thermocouple class 2, 
with an operating range from -40° C to 750° C. 

Figure 7 shows the experimental results obtained for a 
testing day. In the figure the total solar irradiance and the 
temperature at the absorber surface are plotted in the vertical 
axes while the horizontal axis is for the local time. It can be 
shown that there is a closed relationship between the solar 
irradiance and the temperature in the absorber. Specifically, 
in this test the alignment of the parabolic dish has a response 
time of approximately 4 minutes. This means, that 
approximately after a period of 4 minutes, the system was 
out of focus and the control system needs to computes and 
activate the mechanism in order to find the exact position of 
the sun in the sky and then align the parabolic dish to the 
right sun angles.  

The control system operates in a period of updating the 
alignment each 4 minutes, but also the control allows the 
tracking in real time. In the second case, the energy required 
can be excessive, but in the first operation mode there is a 
small disarrangement in the alignment, however this can be 
neglected because it does not have a real impact when  
computing the efficiency. 

For computing the thermal gain in the system it was 
considered as a working fluid a synthetic oil with an 
ebullition point fixed at 300° C. The total mass of fluid was 
30 liters and different flows where tested. The mass flow was 
registered by an electronic sensor (0 lpm – 3 lpm) as well as 
by a rotameter (0 lpm – 3.5 lpm) while the temperature was 
measured with a thermocouple J class II. All the data were 
obtained by means of the HMI module before described. 

Figure 8 shows the temperature obtained at the exit of 
the solar system for different operating flows. The flows 
were 1.5 lpm, 2 lpm and 2.5 lpm. The maximum temperature 
was superior to the 90° C for an exposed period of 3 hours.  

If a high efficient heat exchanger is adapted at the output 
of the PDR, according to the results, the energy gained in the 
system could be high enough for obtaining 30 kg of saturated 
water steam, coming from a temperature of 25° C. In a 
similar way, a total mass of 100 kg can be heated to a delta 
of temperature of 25° C. 

In terms of the energy production, it can be said that the 
prototype is good enough for supplying an appropriate 
amount of energy that can be destined for industrial, hospital 
services and domestic applications. Its small modularity, as 
well as the control strategy makes the prototype an excellent 
alternative and sustainable option for a low cost provided of 
high quality thermal energy. 

 

 

 

Table 6. Comparison of ideal angles with angles generated by the control system. 

Day hour 
hrs 

Ideal angles 
Azimuth             Altitude 

Generated angles 
Azimuth              Altitude 

11:00 -69 47 -70 45 

11:30 -64 53 -64 54 

12:00 -56 59 -55 60 

12:30 -45 65 -45 65 

13:00 -29 69 -30 69 

13:30 -7 72 -7 70 

14:00 16 71 16 71 

14:30 38 68 38 68 
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Figure 7.  Temperature on the absorber element with respect to solar radiation. 

 

 
Figure 8. Temperature increase in T2 at the outlet of the solar collector. 

 

5. Conclusion 

A small modularity solar collector PDR prototype with a 
two-axis solar tracking system based in a microprocessor 
control system performance have been designed and built in 
the IPN in Mexico. This prototype works for any 
geographical position. 

The correct alignment of the device needs the 
geographical coordinates as input data, and by means of the 
closed loop and the precision potentiometer each axis is 
aligned for the required position; after that, the control 
implemented is a simple PI controller giving a progressive 
movement to the system, reducing the instabilities and 
vibrations in the axis when the motors are in movement. 

In addition, this control system provides an excellent 
alignment to the sun path, making the control system  

 

appropriate for operate a PDR and making it high efficient 
for heating process. According to the results, a maximum 
error of 2 degrees was obtained in the worst case, when the 
system was tested. 

The implementation of the HMI makes extremely easy 
the operation of the PDR system, and even gives an 
opportunity for an easy monitoring of the operating variables 
in the solar heating process. 

Finally, the reached temperatures showed that the 
operation of a small modularity PDR is possible without the 
implementation of complex and expensive sensors, control 
systems and solar tracking devices, and can be useful for 
attend the demands of thermal energy for domestics and 
small industry applications. 
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