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Notes 
 

 

In order not to fill out this annex report with the results of all the simulations, only the first report 

obtained, and the report of the chosen option will be complete included. For the other ones, the relevant 

data is shown in the analysis. In the case of wanting to access the information of the rest of the cases, we 

can provide it without any problem.  
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1. INTRODUCTION 

Companies face the challenge of reducing processes powered by non-renewable energy sources 

due to the citizen call to be part of the solution to climate change. So much so that political 

organizations as well as governments have taken part in this energy transition to try to achieve 

neutrality in emissions, establishing dates for the achievement of specific objectives. Two 

initiatives stand out in which this project could be included: 

• UNITED NATIONS SUSTAINABLE DEVELOPMENT GOALS. These are 17 objectives within 

the 2030 agenda adopted by its member states. It is a call to action for them to fight for 

an environmentally and socially sustainable future. In particular, those that concern this 

project are: 

 

 

 

 

 

 

 

• ECONOMIC RECOVERY FUNDS NEXT GENERATION EU. They arise after the crisis caused 

by COVID-19 and seek a more ecological, digital and resilient post-pandemic Europe; 

and better adapted to challenges. It is articulated in seven programs endowed with the 

following funds: 

 

Recovery and resilience mechanism 672.500 M€ 
360.000M€ loans, 312.500 M€ grants 

REACT-EU 47.500 M€ 

Horizon Europe 5.000 M€ 

InvestEU 5.600 M€ 

Rural development 7.500 M€ 

Just Transition Fund (JTF) 10.000 M€ 

RescEU 1.900 M€ 

TOTAL 747.400 M€ 
 

Table 1. Economic endowment of the programs of the Next Generation EU funds.                       
Source: Own elaboration with EU data 

Prior to the development of the solution for our case, possible similar cases that have been 

carried out in Spain with this type of technology have been analyzed. It should be noted that the 

supplier proposed for the work is the Valencian company Solatom, even so, a comparison will 

be made with similar modules from the Italian Soltigua to obtain the best solution. 

There are 34 project references using this technology in Spain, the number of projects developed 

in 2019 being significant. The figure shows their location as well as the work flow through icons. 

 

 

Figure 1. Sustainable Development Goals that concern the project. Source: UN 
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We highlight this interesting case like the 

one we have studied in this report. The one 

carried out in Almería in Solpinter, which is 

currently operating. This project was carried 

out in collaboration with the Polytechnic 

University of Valencia and the Plataforma 

Solar de Almería. It is an installation on the 

ground that occupied about 106 m in 2019 

but has been expanded. In this the 

collectors were linear Fresnel type of 

Solatom. It did not have storage. He heated 

thermal oil to 225ºC in the primary. 

 

 

Particularizing in the case study, the object of the work is the design of solar heating collectors 

to reduce the consumption of natural gas in the paint ovens of an automobile industry located 

in Madrid. The different types of collectors will be studied and which one best suit the 

specifications of the case.  

The general study conditions are as follows: 

• The temperature to be supplied to the ovens will be 185ºC.  

• For the production consumption, a typical year will be used to carry out the simulations 

considering the various holidays or production stops. The factory is supposed to operate 

in two 8-hour shifts from Monday to Saturday, from 6 in the morning to 10 at night. 

Figure 2. Concentration solar projects in Spain up to 2019. Source: Calor Solar para la industria  

Figure 3. Solpinter concentration solar project in Almerría.                    
Source: Google Maps  
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• The location of the facility is in the PSA Groupe center on the Carabanchel to Villaverde 

road in Madrid, as shown in the figure.  

• The collectors will be installed 

on the factory parking decks, 

with a total available surface of 

176.000 m2. The specific 

location is shown in the Figure 

2. 

• To house the collectors, some 

roofs will be provided to 

maintain the space destined to 

the storage of finished vehicles. 

Due to this, one of the 

problems to be studied at this 

point is how the wind affects 

the installation, since placing it 

on the roofs would raise the 

accumulation approximately 

five meters above the ground. 

• Whichever installation is chosen, a deposit will be included to improve the use of energy 

days with higher solar radiation on others with less. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. PSA Groupe center. Source: Google Maps 
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2. TECHNOLOGY SELECTION 

AVAILABLE OPTIONS 

There is a wide variety of solar thermal panel collectors. Some of the most used solar collectors 

are the ones shown below. 

 

FLAT PLATE COLLECTORS, FPC.  

These collectors are composed by a transparent glazing as a cover 

on top of a dark-colored absorbed plate. Solar radiation passes 

through the transparent glazing material and hits the absorber 

plate. The plate heats up, transferring the heat to either water or 

air that is held between the glazing and the absorber plate. FPCs 

can deliver heat at temperatures around 100ºC . 

 

EVACUATED TUBE COLLECTORS, ETC.  

They consist of a heat pipe inside a vacuum-sealed glass tube. This 

heat pipe is essentially a pipe where the fluid contents are under a 

very particular pressure, such that the “hot” end of the pipe has 

boiling liquid while the “cold” end has condensing vapor. Once the 

heat from the sun moves from one end to the other, the thermal 

energy is transported into the water being heated for use.  

Compared to FPCs, higher temperatures can be obtained due to 

the combination of selective surface and the effective convection 

suppressor achieved because of the vacuum insulation. The 

operating temperatures may exceed 150ºC. 

 

LINE FOCUS COLLECTORS.  

These collectors are composed of parabolically shaped reflective 

sections connected into a long trough. A pipe that carries water is 

placed so that sunlight collected by the reflective material is 

focused onto the pipe. Typical operating temperatures are in the 

range of 350 – 550ºC.  

 

POINT FOCUS OR PARABOLIC DISH COLLECTORS, PDC. 

 These collectors are large parabolic dishes composed of some 

reflective material that focus the Sun's energy onto a single point. 

The heat from these collectors is generally used for driving Stirling 

engines. These collectors are suitable for high temperature 

applications, up to 750ºC. 

Figure 5. FPC. Source: IndiaMart 

Figure 6. ETC. Source: IndiaMart 

Figure 7. LFC. Source: NREL 

Figure 8. PFC.  
Source: Solar Energy 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.indiamart.com%2Fproddetail%2Fflat-plate-collector-fpc-solar-water-heater-6979557362.html&psig=AOvVaw2F6HtZnXk_68KaOTTSAQoJ&ust=1619256880546000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCIDLlouIlPACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.indiamart.com%2Fproddetail%2Fevacuated-tube-collector-etc-based-solar-water-heater-13959529630.html&psig=AOvVaw2Oc5xKdDwLaiTBDwsbIVm3&ust=1619257000383000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCOiT7siIlPACFQAAAAAdAAAAABAJ
https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.nrel.gov%2Fdocs%2Ffy11osti%2F48175.pdf&psig=AOvVaw3nOMryeBiXbWDujGblHUN5&ust=1619257156782000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCMDkqJSJlPACFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=http%3A%2F%2Fenergyprofessionalsymposium.com%2F%3Fp%3D18989&psig=AOvVaw2P3qA7Q-ewA59pN8-Hr-KH&ust=1619257260046000&source=images&cd=vfe&ved=0CA0QjhxqFwoTCKis_eCJlPACFQAAAAAdAAAAABAD
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As said before, the temperature to be supplied to the ovens is 185ºC, so the most adequate 

technology to be used is the line focus collectors. Both the flat plate collectors and the 

evacuated tube collectors are usually used in domestic applications and supply lower 

temperature than required. The parabolic dish collectors are suitable for higher temperature 

applications and usually they are used to produce electricity, which is not the case. 

Two basic collector types of line focusing systems are used:  

• Parabolic trough collector, PTC. This type tracks the diurnal position of the sun with the 

complete parabolic mirror structure. 

• Linear Fresnel collector, LFC. In this collectors the parabolic mirror shape is split up into 

mirror facets according to the Fresnel principle. The benefit of linear Fresnel systems, 

when compared to parabolic trough systems, is lower solar collector cost at the penalty 

of lower solar collection efficiency. 

The initial suggestion for this work was a linear Fresnel collector, this can be due to different 

characteristics that it presents in comparison to the parabolic collector. It is advisable to review 

the advantages and disadvantages of this technology to justify its election. 

• The receiver pipe is fixed, which reduces costs as ball joints are not needed. In the LFCs 

the receiver pipe rotates with the parabolic mirror, which makes more challenging and 

expensive the union between the receiver pipe and the resto of the circuit. 

• The optical performance is lower. The parabolic shape takes the most of the sun’s rays, 

while the multiple small mirror facets reduce the efficiency. 

• The construction cost is lower due to the rapid assembly. 

• It has lower susceptibility to wind damage, as the horizontal area of incidence of the 

wind is lower. 

• The use of the land is more efficient, because they are easily fitted one to the other and 

does not provide as much shade to each other. 
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COMPARISON BETWEEN FRESNEL MODELS FROM TWO SUPPLIERS 

The following is a comparison between two models of linear Fresnel collector: Solatom’s and 

Soltigua’s. 

SOLATOM

FLT20 FLT10v-24 FLT10v-36 FLT10v-48 FLT10v-60 FLT10v-72

Thermal capacity kWt 14,50 83 124 166 207 249

Net collecting surface m² 26,40 148,5 222,8 297 371,3 445,5

Necessary surface m² 36 201,411 300,668 399,924 499,181 598,437

Thermal capacity per m² kWt/m² 0,55 0,559 0,557 0,559 0,558 0,559

Space utilisation % 73,33 73,730 74,102 74,264 74,382 74,444

Working max temperature ºC 300

Pressure bar 30

Heat transfer fluid
Vapor, water 

or thermal oil

Lifespan years 20

Max wind speed (operating) m/s 19,44 Unknown

SOLTIGUA

320

Hot water (up to 220ºC) or thermal oil

Hot water  <20  /  thermal oil <10

Unknown

MODEL

 

Table 2. Technical comparison between Solatom's and Soltigua's Fresnel solar collectors.  
Resource: Own elaboration based on Solatom’s and Soltigua’s data sheet  

 

The table above shows information gotten from the technical data sheet of both brands’ models. 

As can be seen, Solatom offers only one model, while Soltigua offers five, according to their size.  

The conclusions that can be drawn from the table are the following: 

• Soltigua’s models are much bigger that Solatom’s. 

• Soltigua’s models’ thermal capacity per m2 is slightly higher than Solatom’s model’s. 

• Soltigua’s models makes a better space usage than Solatom’s model, especially in the 

case of bigger models. 

• The maximum temperature in Soltigua’s model is higher, but this fact is irrelevant since 

both of them significantly exceed the target temperature. 

• Both brands’ models can work with the same fluids: thermal oil, water or vapor (since 

water at 220ºC and 20 bar is vapor). 

• Maybe Soltigua’s maximum thermal oil pressureof 10 bar is not enough. Solatom 

maximum pressure of this same heat transfer fluid is 30 bar. 

• It would be interesting to know the lifespan of the Soltigua’s models, since it could make 

a big difference in the comparison.  

• To evaluate the risk of reaching the maximum wind speed, here is a graph that shows 

wind data in that location (40.3598, -3.7101). As shown in the graph, the mean wind 

speed in the windiest area of the center is 5,2 m/s, which is far from the maximum speed 

in which the collectors can operate. In any case, the range of wind speed in that location 

is unknown, so it is not possible to determine the proportion of days that the collectors 

won’t be able to operate because of the wind conditions. 
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Figure 9 Mean wind speed in PSA Groupe center. Source: Global Wind Atlas 

 

The first impression shows that the Soltigua’s models are more interesting in the technical 

aspects, especially the bigger models. Nevertheless, to make an accurate comparison it would 

be necessary to draw a map to calculate the number of collectors that fit in the parking lot, 

because as the model is bigger, more space is wasted in the round edges of the area. Also, it is 

important to take into account the price of the models that is not published in the website and 

depends on the proposal made. To get more reliable results, some simulations will be conducted 

and analyzed further down in the text. 
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3. SOLATOM FRESNEL COLLECTORS 

3.1. BRIEF DESCRIPTION OF THE COLLECTORS 

They are solar concentrating collectors with linear Fresnel optics. They generate heat in 

temperatures between 80 and 300 degrees Celsius with a pressure of up to 30bar. 

The possible working fluids are steam, water and thermal fluid.  

The mode of operation is as follows:  

• The mirrors are automatically oriented 

by following the path of the sun and 

concentrating the rays that are reflected 

in a selectively coated vacuum tube 

through which one of the three thermal 

fluids mentioned above circulates. 

• When the thermal fluid reaches the set 

pressure and temperature, it is supplied 

to the network to provide the desired 

power or energy. 

These modules are a "plug and play" solution, they are pre-assembled at the factory and once 

they arrive at the destination they can be directly connected to the industry. 

Each module delivers a power of 14.5kWt with a Normal Direct Irradiance (DNI) of 900 W/m2, 

entering the fluid at 150 and leaving at 180 degrees Celsius, with an ambient temperature of 30 

degrees Celsius, trans=15 and long=0. 

For other specifications, its technical data sheet can be consulted in annex 1 of this document. 

 

3.2. SCHEME OF WORK 

First of all, it should be noted that the installation does not replace the conventional boiler, but 

rather it is a complementary system that reduces the fossil consumption of said boiler.  

 

Depending on the type of process, the FLT20 module can be connected in parallel or in series.  

To choose the type of scheme that we want to use, we must take into account two factors: 
  

- For the parallel scheme, the solar steam flow must be incorporated at the same pressure 

and temperature as that given by the steam boiler. In our case, this is possible since the 

modules only reach the required 185ºC. 

 

- The second factor is the degree of solar coverage, which is the amount of energy that 

we are going to provide per year with solar compared to conventional. In this case the 

demand is lower in summer as opposed to the production of the solar system. 

Therefore, to optimize the system, we must design it so that it does not give 100% in 

summer since we would waste energy. 

 

Figure 10. FLT20 Infographic. Source: Solatom. 
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The solar collectors will therefore be a complement to the conventional system and their 

connection will be in parallel for the flexibility provided by this scheme. 

We have two systems that 

provide heat to the steam line 

header: On the one hand, the 

conventional steam boiler, the 

red circuit; and on the other, 

what solar collectors can provide, 

the orange circuit. It must be 

taken into account that the steam 

supplied to the steam line header 

by both circuits is at the same 

temperature. 

From the steam line header, the 

steam lines that are necessary for 

the process come out. In the case 

shown in the figure, there are five 

lines that go to the circuit. 

Those steam lines come back from the condenser industrial application. This return helps us to 

control the process since if the return temperature is colder, this indicates that the process is 

lacking heat and that it will be necessary to supply more gas to the conventional boiler. On the 

contrary, if the return temperature is higher than designed, it means that the solar collectors 

are giving enough heat and you must reduce gas consumption. 

This regulates the system. Ideally, we want to maintain both the flow and return temperatures 

at their design conditions. An example of this will be design the process that the steam that 

leaves the installation with an impulsion temperature of 180ºC, giving heat to the industrial 

process and the return returning to the thermal system at a temperature of 150ºC. Any 

impulsion or return temperature different from those mentioned above, respectively, will mean 

that something needs to be adjusted in the process. 

 

3.3. METHODOLOGY 

The company provides software to simulate the installation to be designed and see how the 

project would develop. This software is the RESSPI. This software will be used to design the 

installation. The necessary data are: 

- The price of the natural gas, the fuel used today. At first, before receiving the price that 

the company currently pays, it was based on the purchase price of Repsol (0,00484 

€/kWh). Later, the company reported that its purchase price was 0.00254€/kWh, a price 

improved by the large amount of gas consumed. 

- The price of the ton of CO2 emitted, it was set approximately thanks to the simulator at 

20 €/tonCO2 

 

Figure 11. Parallel Scheme for Solatom FLT20. Source: Data sheet 
Solatom 
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- The available area to be occupied by the solar concentration system, based on the m2 

of the PSA Peugeot Citroën parking lot with an area of 176.000m2, so it is not a restrictive 

condition. 

- The distance to the supply point, based on the data provided by the company with a 

distance of 400 metres.  

- The fluid used in the process, among the three possible working fluids, thermal oil has 

been chosen. 

- The pressure of the fluid, it has to be such that the temperature is lower than the 

saturation temperature. In the case of the thermal oil it is 13 bar. 

- The temperature at the inlet and outlet of the boiler, estimated to be lower and higher 

than 185 ºC at the inlet and outlet, respectively. 

- The orientation of the installation is north south. 

- The demand data, for this purpose, the usage factors have been calculated for each 

month compared by the total consumption and the number of hours of working day in 

a typical year. They are shown in Annex 2 

 

 

3.4. RESSPI SIMULATIONS 

3.4.1. Simulator operation 
There are two ways to simulate with RESSPI: 

• An automatic mode, where the simulation is sent to a server that performs it in a period 

of one to two days. This type of simulation does not allow many factors to change, so 

although we use them in the first approximation, later we do without them. 

• A manual mode, where you can choose more factors such as the type of scheme, whose 

simulations take between 1 and 2 minutes. This mode gives much greater range of 

maneuver for the design of the installation. 
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3.4.2. Assumption’s simulations 
 

EXTERNAL MODIFIERS 

There is no variation in the cost of the investment as no subsidy 

has been awarded. On the other hand, the structure that will 

support the collectors has been designed separately, so its cost 

will be studied separately. 

The simulator itself, depending on the selected location, has the 

annual irradiance of the place. No exceptional environmental 

conditions are analysed, so the annual irradiation value is kept 

constant. 

It is considered that there is no uncertainty in the input data, so the solar production of the solar 

plant should not be varied by any coefficient. 

 

TYPE OF INDUSTRY 

Among the options was not the automobile but being the treated system one of paint has 

resembled a chemical industry. The business model will be Turnkey. 

 

DEMAND TO BE SUPPLIED BY SOLAR HEATING COLLECTORS 

The study system for which the contribution from the solar heating collectors will be 

incorporated is that of paintings. This, in the type year chosen for the simulations, has a demand 

of 18431 MWh.   

We assume that the daily demand per hour from the opening at 6:00 AM to the closing of the 

plant at 10:00 PM has a constant distribution since the opposite has not been reported. 

For weekly demand, the percentages of thermal demand per day are 0.2 from Monday to Friday 

and 0 from Saturday to Sunday. 

The monthly percentage of thermal demand during the year no longer follows a uniform 

distribution and is as follows: 

 

JANUARY FEBRUARY MARCH APRIL MAY JUNE 

0.11 0.12 0.10 0.10 0.11 0.10 
 

JULY AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER 

0.07 0.04 0.07 0.04 0.08 0.05 
 

Table 3. Percentage of termal demand during the year. Source: Own elaboration 

 

 

 

 

 

Figure 12. Detail of external modifiers. 
Source: RESSSPI 
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PROCESS DATA 

The integration schemes available to simulate are shown in the figure: 

 
Figure 13. Integrations schemes for FLT20. Source: RESSSPI 

 

The scheme with which we will start our simulations will be the SL_L_PS, a parallel scheme that 

has an intermediate deposit. 

It works the same as the 

scheme shown previously in 

the Scheme of work section. 

The only difference is that in 

this case we have storage since 

the application is medium. 

Thus, the supply of the 

collectors is incorporated into 

the impulse after passing 

through the storage, so in the 

case of not being needed it 

remains stored and if it does 

not continue to the impulsion. 

The return works in the same 

way as previously mentioned. 

The company established a maximum installed power must be 2 MWt. If each collector provides 

14,5 kWt, the maximum number of collectors must be 137. So, we will start the simulations with 

this data.  

The collectors will be distributed in parallel loops. The loop indicates the number of collectors 

that have been connected in series. Adding loops increases the power generated. The number 

of collectors that are incorporated per loop depends on the thermal jump of the installation. In 

our case it is 10ºC, being low, it is recommended to put a few collectors per loop. Later we will 

do a sensitivity analysis of how the result changes based on this. 

Thermal storage should be considered in the process. In our case, to select the volume necessary 

for the installation we have based ourselves on an existing project. It is an installation in a cork 

Figure 14. SL_L_PS Scheme. Source: RESSSPI 
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factory in Extremadura, the full report is shown in point 14 of the References. In that case, for 4 

solar collectors they had two tanks whose total volume was 6000 litres. Considering then the 

maximum number of modules is 137, our maximum volume would be 205.500 litres. It is true 

that in this case they use water instead of oil as the thermal fluid, but this is used as an 

approximation. The iteration will start with a 200.000 litres volume. 

 

3.4.1. Result and evaluation of simulations 
 

More than 20 simulations have been carried out taking into account various considerations but 

in this report only 10 will be shown. They have been carried out with an iterative process to find 

the optimal point. This is one of the problems of the simulations with RESSSPI, the difficulty to 

converge with the opti. 

The first will be shown, since it was not incorporated in the previous report, was the online one 

made by the automatic mode and only as an indication of the starting point of the process in 

Annex 3. But only those that really provide a real advantage will be highlighted. 

Before showing the results, it should be noted that economically all the simulation results 

options have a high payback. It is difficult to compete with the price of natural gas that PSA 

currently pays. Technical efficiency will be sought in these cases. 

To show some aspects, a sensitivity analysis has been carried out to see how the variation of a 

factor affects the results. 

Due to the selected year, in all cases the solar radiation available by the location in which the 

factory is located is 1968 kWh/ m2. 

 

VARIATION IN THE MODULE INTEGRATION SCHEME (VMIS) 

 CASE 1 CASE 2 

Energy demand 18431 
MW/year 

18431 
MW/year 

Number of loops 17 8 

Number of collectors per each loop 8 17 

Overall percentage of utilization 74,53% 74,48% 

Percentage between supplied solar energy and 
total demand (Fuel save) 

14,5% 14,8% 

Total energy production 2143010.5 
kWh/year 

2176086.5 
kWh/year 

CO2 emissions avoided 428.6 
ton/year 

435.2 
ton/year 

Installation price per square meter 305.17 € 305.17 € 
Table 4. Sensitivity analysis for VMIS. Source: Own elaboration  
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As can be seen, the variation between the two 

cases is hardly significant. Case 2 shows slightly 

higher results than case 1, so we will continue 

with that assumption. The graphs showing 

energy production and demand for each case 

hardly differ. 

 

VARIATION IN DEMAND (VID) 

 

 

To see if it would be more efficient not to try to cover all the demand but only a part, the demand 

of the plant is reduced by a third for case 3. To do so, compared with case 2, the number of 

collectors is also reduced by a third, going from 136 to 45 and following the results obtained in 

the previous section on the most efficient integration scheme. Regarding storage, in case 3a it 

will not be reduced by one third while in case 3b it will. 

 CASE 2 CASE 3a CASE 3b 

Energy demand 18431 
MW/year 

6143,67 
MW/year 

6143,67 
MW/year 

Number of loops 8 5 5 

Number of collector per each loop 17 9 9 

Overall percentage of utilization 74,48% 78,27 % 74,54 % 

Percentage between supplied solar energy and 
total demand (Fuel save) 

14,8% 15,2% 14,5% 

Installation price per square meter 305.17 € 397,27 € 363,21 € 

Payback Year 12 Year 14 Year 14 

Storage 200.000 
liters 

200.000 
liters 

66.666,7 
liters 

Unused energy (crystal blur) 745.7 MWh 243 MWh 207.4 MWh 

Thermal losses to the environment 217.9 MWh 72.1 MWh 72.1 MWh 
Table 5. Sensitivity analysis for VID. Source: Own elaboration  

For comparison, the values associated with the total energy produced as well as the CO2 

emissions avoided have been ignored since they are directly proportional to the number of 

modules installed, thus they are not important in the analysis. 

Case 2 and 3b show similar results. Case 3b is ruled out. 

It is clearly seen that keeping the storage, case 3a, is a better option since compared to case 2. 

Here what we must bear in mind is that reducing the demand to be covered with solar collectors 

increases the percentage of use by 4 points and increases fuel savings by 0.04. Another factor 

that must be appreciated is how the percentage of loss or blurring is considerably higher in case 

2. 

Therefore, to increase fuel savings and the total percentage of use, continue with the values of 

case 3a. 

Figure 15. Case 1 VMIS. Source: RESSSPI simulation Figure 16. Case 2 VMIS. Source: RESSSPI simulation 
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VARIATION IN STORAGE (VIS) 

This is one of the points that can most improve the use of energy. In the four cases shown above, 

we saw how the energy production and demand diagram in red showed the energy out of focus. 

The blur increases in the summer months where the irradiation of the solar is greater. The ideal 

would be to make the most of all the radiation reaching the collectors. It may be logical that a 

possible solution would be to increase storage to avoid blurring. Two cases where storage is 

increased and decreased considerably will be analyzed below to see how it affects production. 

We are going to continue with case 3a, and although in 3b we reduced the storage by a third, in 

this case we are going to reduce it more drastically. 

 CASE 4 CASE 5 CASE 6 

Energy demand 6143,67 
MW/year 

6143,67 
MW/year 

6143,67 
MW/year 

Number of loops 5 5 5 

Number of collector per each loop 9 9 9 

Overall percentage of utilization 100 % 93,48 % 72,79 % 

Percentage between supplied solar energy and 
total demand (Fuel save) 

19,4% 18,2% 14,1% 

Installation price per square meter 886,55 € 496,89 € 334,70 € 

Payback Year 20 Year 14  Year 13  

Storage 10.000.000 
liters 

1.000.000 
liters 

10.000 liters 

53.515.6 
kWh 

5351.6 kWh 53.5 kWh 

Unused energy (crystal blur) 0 MWh 62,2 MWh 259, 7 MWh 

Thermal losses to the environment 72,1 MWh 72,1 MWh 72,1 MWh 
Table 6. Sensitivity analysis for VIS. Source: Own elaboration  

Case 4 represents a 100% energy use, although it may be shown as the best option, it must be 

taken into account how the cost of the installation increases as well as the payback, making it 

economically unviable. On the other hand, it is surprising how by increasing storage x10, the 

difference in fuel savings is only 1.2% points compared to the installation cost, which is doubled. 

It can be seen very well in the graph how the difference in out-of-focus energy between 4 and 5 

is very low. This shows that the solution is not to increase storage without measure. 

Figure 18. Case 3b VID. Source: RESSSPI simulation Figure 17. Case 3a VID. Source: RESSSPI simulation 
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In the case of reducing storage, we see doing it a hundred times less, comparing cases 5 and 6, 

the total percentage of use decreases by 20% while fuel savings only by 4%. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 20. Case 4 VIS. Source: RESSSPI simulation Figure 19. Case 5 VIS. Source: RESSSPI simulation 

Figure 21. Case 6 VIS. Source: RESSSPI simulation 
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OTHER ANALYSIS PREVIOUS TO THE COMPANY LIMITATIONS 

Prior to the analysis showing so far, an experiment was carried out when the limitations of the 

company were not counted. Although it lacks value in our solution, it does show in a more 

meaningful way some of the ideas shown above. The data used for these were: 

 CASE Extra 1 CASE Extra 2 

Gas natural price 0,00484 €/kWh 0,00484 €/kWh 

Energy demand 6143,67 
MW/year 

6143,67 
MW/year 

Number of loops 15 15 

Number of collector per each loop 15 15 

Overall percentage of utilization 58 % 81,93 % 

Percentage between supplied solar energy and 
total demand (Fuel save) 

57 % 80,40 % 

Payback Year 9 Year 12 

Storage 1.000.000 liters 100.000.000 
liters 

5.351,6 kWh 535.155,0 kWh 

Unused energy (crystal blur) 2.024,6 MWh 872,2 MWh 
Table 7. Extra Sensitivity analysis for VIS. Source: Own elaboration  

 

 

 

 

 

 

 

 

 

 

Here it can be seen that 225 collectors are used, which entails a thermal power of 3.262 MWt. 

With the space they occupy there would be no problem since the field is 176,000 m2.  

It can be seen that no matter how much storage is increased, it is impossible to counteract the 

oversizing of the installation, since although in winter all the irradiation is used and it is hardly 

blurred, in summer that increases the irradiation a lot of energy is wasted.  

In the extra case 1, the storage is increased with respect to the extra 2 but it is seen as the saving 

of fuel and the percentage of use is reduced by approximately 20% from 2 to 1. 

This reaffirms the idea outlined above that increasing storage does not lead to better energy 

use. 

Figure 22. Case Extra 1 VIS. Source: RESSSPI simulation Figure 23. Case Extra 2 VIS. Source: RESSSPI simulation 
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Simulations were also carried out with other types of schemes such as those shown in the 

Process data section in point 3.4.2. but they were not satisfactory and have been omitted in this 

report. 

 

FINAL APROACH TO AN EFFICIENT SOLUTION 

From the above, the best solution was that of Case 3a, dismissing case 4 as expensive and trying 

to improve case 5. To facilitate comparison, the previous ones are showed again in the table 

below. 

 CASE 3a CASE 4 CASE 5 

Energy demand 6143,67 
MW/year 

6143,67 
MW/year 

6143,67 
MW/year 

Number of loops 5 5 5 

Number of collectors per each loop 9 9 9 

Overall percentage of utilization 78,27 % 100 % 93,48 % 

Percentage between supplied solar energy and 
total demand (Fuel save) 

15,2% 19,4% 18,2% 

Installation price per square meter 397,27 € 886,55 € 496,89 € 

Payback Year 14 Year 20 Year 14  

Storage 200.000 
liters 

10.000.000 
liters 

1.000.000 
liters 

Unused energy (crystal blur) 243 MWh 0 MWh 62,2 MWh 

Thermal losses to the environment 72.1 MWh 72,1 MWh 72,1 MWh 
Table 8. Summary of the best options obtained in the previous analysis. Source: Own elaboration  

Based on this, simulations have been carried out, changing various parameters and the following 

stand out. What is going to be sought now is to improve performance taking into account the 

most economically profitable option. 

Input values that have undergone changes referred to the previous case will be shown in bold.  

 CASE 6 CASE 7 CASE 8 

Energy demand 6143,67 
MW/year 

6143,67 
MW/year 

6143,67 
MW/year 

Number of loops 9 10 10 

Number of collectors per each loop 10 10 10 

Overall percentage of utilization  71, 93 % 70,02 % 70,26 % 

Percentage between supplied solar energy and 
total demand (Fuel save) 

28 % 30,3 % 30,4 % 

Installation price per square meter 330,39 € 323,16 € 324,06 € 

Payback Year 13 Year 13 Year 13 

IRR (TIR) 7,8 % 7,8 % 7,76 % 

Storage 200.000 
liters 

200.000 
liters 

210.000 
liters 

Unused energy (crystal blur) 537,2 
MWh 

637,5 
MWh 

632,5 
MWh 

Thermal losses to the environment 144,2 
MWh 

160,3 
MWh 

160, 3 
MWh 

Table 9. New options studied. Source: Own elaboration  

In case 6 we see how increasing the number of collectors increases losses to the environment.  
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The IRR values are very low in all cases. If it is true that the greater the number of collectors, the 

lower the installation price per square meter. 

 We consider that storage should not be increased much since the fluid to be stored is oil and 

we consider its accumulation dangerous on the one hand and on the other that it occupies a 

considerable space. 

Considering the fuel savings, the best option shown after this process is case 8. Although it is 

true that in case 3a a higher percentage of use is obtained, the payback is higher and the fuel 

savings lower. Also, the blur of the mirrors is greater in the case 8 but the economic factor are 

better.  

 

Figure 24. Case 8. Source: RESSSPI 

The payback required by the company for the project was 4 years. It has been impossible for us 

to comply with that requirement. We consider that solar concentration technology is not 

sufficiently developed and stabilized in the market to compete with the price of Natural Gas that 

the company currently pays. 

Figure 25. Financial results case 8. Source: RESSSPI simulation 



2# WORK SOLAR HEATING COLLECTORS | ENERGY TRANSITION 2º MII ICAI | Year 2020/2021 

Página | 22  
 

The total investment required for the installation is € 855,526.4. This includes the collectors, the 

installation of the connections, the online control and the acquisition of data and the initial 

maintenance of the plant during the first 4 years. Maintenance and monitoring have an annual 

cost of € 12,000 which is considered in the calculations.  

It does not even include the structure where the collectors are to be installed, since in our case 

the space for the finished cars must be respected, that is, a panelled structure must be designed. 

It will be shown in the next section.  

Other considerations taken are that the performance of the boiler is 80%, the price of fossil fuel 

increases 3.5% annually and the CPI 2.5% annually. 
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4. PANEL SUPPORT STRUCTURE 

As the panels are placed at the parking lot, the area for the vehicles can’t be used completely 

for the panels. A unitary structure for each one or two panels is needed to raise them from the 

ground, clearing the space below for vehicles to park as shown in Figure 26. 

 

Figure 26. Example of solar panels above a parking structure. Source: proalt.es 

The actual width recommendation from RACC (Real Automóvil Club of Cataluña) for an individual 

car parking is 2.5 meters. By law there is a stablished minimum of 2.25 meters in width. Then, 

the length of this same parking, by law in Madrid, is 4.5 meters in length. 

Each individual Solatom Fresnel collector measures 6 meters in width and 6 meters in length. 

Then the length of the parking can be well satisfied below the panel, and there can be placed 5 

park spots of 2.4 meters in width, which is below the RACC recommendation and above the 

minimum stablished by law. 

The usual height for a covered parking goes from 2.2 meters to 2.6 meters. We consider the 

maximum height of 2.6 meters, which covers the maximum possibilities. 

 

Figure 27. Five slot parking drawing. Source: Own elaboration 

In Figure 27 is shown how the five parking slots below 2 Solatom panels are divided and were 

the main pillars of the structure too. The pillars are drawn in blue and the parking lines in black. 

The pillars used for this approximation are HEB 260, but further structural analysis would be 

needed for panel weight deviations, wind and special problematic situations. In Figure 28, the 

3D view of the structure is shown. 
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Figure 28. 3D view of the structure. Source: Own elaboration 

For this structure, 14 vertical pillars and 8 horizontal pillars are needed. The foundation is 

made from reinforced concrete, and it is needed 0.09 m3 per vertical pillar, which makes a 

total of 1.26 m3 per structure. The drawing of the structure is shown in the Annex. 

As the results in simulation number 8 shows that 100 Solatom panels are needed, and two 

panels are placed above each structure, then 50 structures are needed to be built. 

In Table 10 and Table 11 the estimation of material needed is shown. These data, with the 

estimated prices of each elements needed and the final material’s price are shown in Table 12. 
 

Vertical pillars Horizontal pillars 

Length 2.6 m 6 m 12.2 m 

Quantity/struct 14 4 4 

Length/struct 36.4 m 24 m 48.8 m 

Total/struct 
  

109.2 m 

Number of panels 
  

100 

Panels per struct 
  

2 

Total structures 
  

50 

Total meters HEB 260 
  

5460 m 
Table 10. Total meters of HEB 260 needed. Source: Own elaboration 

 
Foundation 

Volume 0.09 m3 

Quantity/struct 14 

m3/struct 1.26 

Total m3 63 m3 
Table 11. Total volume of foundation needed. Source: Own elaboration 

 
Foundation Total HEB 260 

Total 63 m3 5460 

€ per unit 70 € 124.83 € 

Total cost 4410 € 681571.8 € 

Total parts cost 
 

685981.8 € 
Table 12. Total part's cost of the total structure installation. Source: Own elaboration 
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The average price per worked hour of a builder is 20€ in Spain. This labour cost is difficult to 

estimate, as no longer experience is available in the subject. 

As the total price of the structure needs to be added to the final result of the simulation in 

RESSSPI and there is an unknown extra price for working labour, the final result can vary. We 

can estimate a 20% of labour cost related to the final installation result, which is the cost of 

the whole structure plus the Solatom cost. 

Solatom cost 855,526.40 € 

Structure cost 685981.8 € 

Total installation price 1541508.2 € 

20% working labour 308301.64 € 

Total Investment 1849809.84 € 
Table 13. Total cost of the project. Source: Own elaboration 

As shown in Table 13, the total estimated cost of the project is 1,849,809.84 €. 
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ANNEX 1. TECHNICAL DATA SHEET FLT20 SOLATOM 
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ANNEX 2. Demand sheet 

 
ENE FEB MAR ABR MAY JUN JUL AGO SEP OCT NOV DIC ACUM.

Festivo R 276 257 173 40 47 13 11 104 18 15 94 28 1.076

Regulación R 0 0 0 0 0 3 0 95 11 3 61 3 176

Confort R 1.134 1.325 1.126 750 537 128 14 8 163 106 747 410 6.448

Alumbrado R 0 0 0 0 0 0 0 0 0 0 0 0 0

Producción R 1.993 2.302 1.916 1.752 1.950 1.924 1.283 813 1.352 747 1.555 845 18.432

TOTAL [MWh] R 3.403 3.884 3.215 2.542 2.534 2.068 1.308 1.020 1.544 871 2.457 1.286 26.132

Total 

VEHICULOS FABRIC. R 14 10 13 9 11 8 15 19 8 16 10 17 150

Total 

Festivos R 14 10 13 9 11 8 15 19 8 16 10 17 150

CALENDARIO Regulación R 0 0 2 1 0 4 1 2 6 6 7 7 36

Producción R 17 19 16 20 20 18 15 10 16 9 13 7 180

Total 

TOTAL SIN REGULACION R 3.403 3.884 3.214 2.542 2.534 2.064 1.307 925 1.533 869 2.397 1.283 25.955

Potencia [kW] 7.326 7.573 7.484 5.474 6.093 6.679 5.345 5.082 5.281 5.190 7.475 7.547 7,6

ENERO FEBRERO MARZO ABRIL MAYO JUNIO JULIO AGOSTO SEPTIEMBRE OCTUBRE NOVIEMBRE DICIEMBRE

Total 

consumo

Consumo gas [MWh] 1992,672 2302,192 1915,904 1751,68 1949,76 1923,552 1282,8 813,12 1351,936 747,36 1554,8 845,264 18431,04

Porcentaje respecto año 0,11 0,12 0,10 0,10 0,11 0,10 0,07 0,04 0,07 0,04 0,08 0,05 1
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ANNEX 3. First simulation and analysis 

 
CONCLUSIONS: 

 
After analyzing the results of 
those simulated with 
RESSSPI, the first thing to 
note is that for the type year 
2016, 192 collectors are 
needed to cover only 24.1% 
of the total demand with 
solar energy. In addition, the 
overall percentage of use 
would be approximately 
87%, below what we saw in 
the example that the 
company shows on its 
website where this 
percentage was 93.4%. This 
means that this design 
is more over-
dimensioned in comparison 
to the previous example. 
 
 
The land needed to house 
the 192 collectors in 16 rows 
of 12 of them is two times 
what we have 
approximately, 2768 m2 mo
re (5068.2 m2 in total).  
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The investment needed 
is 1392446.6 €. The year of 
return on the investment is 
year 6, which seems 
acceptable for 
this investment and long-
lasting technology. On-line 
data 
monitoring and maintenanc
e of the systems and mirrors 
are included during the first 
4 years. 
 

There is a high percentage 
of non-concentrated 
energy 5567.4 
MWh compared to the net 
energy production over the 
year (3556.6 MWh). This 
makes a total of 55.8% 
of non-concentrated energy 
and only 35.7% of net 
energy that is fully usable for 
the required purpose. To 
have a global sight of this 
technology, if all the solar 
energy available could be 
used in 
ideal conditions (no losses), 
67% of the total demand 
would be covered. 
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ANNEX 4. Case 8 simulation 
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ANNEX 5. Structure drawings 

 
 


