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i. Summary 
 
Title: Sustainable energy reduction, production and management at PXL-Tech 
 

Project Researcher: Amaia Larrañaga Arregui 

Names of the promoters:  

Vanheusden Gwen, Company promoter    gwen.vanheusden@pxl.be 

Vandormael Wim, Hogeschool PXL promoter    wim.vandormael@pxl.be 

 

This project is about the energy reduction, production and management of the PXL-Tech building 

in Diepenbeek. Its aim is to focus on geothermal energy and analyse if this energy production 

system would be viable for the building. 

PXL-Tech building has an energy consumption which is over its real heating needs. Therefore, it is 

losing money and creating an environmental damage which can be avoided.  

The main research question of this project is to know if it is profitable to install a geothermal 

system in the surroundings of the PXL-Tech building, in order to reduce the heating consumption. 

At the same time, this project will help to analyse the current heating system.  

In order to get the results, a primary research was done about the characteristics of the building 

as well as, the technologies and machines that are related to geothermal energy. Moreover, some 

measurements to obtain data related to infiltration heat losses were made, as I will explain later.  

Basing on this information, calculations to see the energy needs of the building were made and 

they were compared with the PXL-Tech’s current figures, so as to ensure that they were realistic. 

After that, the suitable geothermal system to fulfill these values was chosen.  

Finally, an economic and environmental analysis of the new technology was made. In this way, it 

was possible to break down which improvements would suppose for the building the geothermal 

installation and also, which would be the negative aspects. 

The results revealed that the new installation would suppose an important saving in terms of 

economy (%40, 74) and pollution (%29, 86). Nonetheless, there would be difficulties in terms of 

technology and available area for this installation. The building needs to have a considerable 

heating ability and there is not a big offer in the market among this kind of heat pumps. Likewise, 

the investment that has to be done would be considerable and the payback would be long (32 

years). 

Finally, some cogeneration technologies and suggestions were mentioned. It is said it could be 

interesting to make future analysis in this branch, owing to the fact that the energy needs either 

for electricity or heating are substantial and therefore, it could be a more suitable system for PXL-

Tech.  
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1. Introduction 
Recent developments have been done in energy policies all around the world in order to support 

renewable energy. A clear example, which is the European 20-20-20 target, can be found in the 

webpage of the European commission in climate action. It sets three key objectives for 2020: to 

reduce gas emissions 20% from basing on the values of 1990, to raise the EU’s energy efficiency 

20% and to increase the energy consumption produced from renewable resources 20%.  

These policies have been fixed mainly with the aim of reducing the bad impact that human 

activities have caused, so far. Moreover, these measurements have made people think about the 

situation and have pushed them forward to act. 

According to some data, such as the information that gave Jochen Müller in 13th of November 

2014, the council of the European Union, the environmental objectives of the 20-20-20 will be 

reached successfully.  

Nonetheless, PXL University College has a heating consumption which is over the real energy 

needs of the building and so, its gas emission and efficiency can be improved.  

PXL-Tech’s directorate is aware of this situation and they have decided to start acting. There, 

different students with the help of their lecturers have done research with the intention of 

reaching a greener building. One of them is this current project “Sustainable energy reduction, 

production and management at PXL-Tech”. It covers two renewable energy technologies: solar 

energy and geothermal energy. This paper focuses mainly on the latter part. The aim is to analyse 

if a geothermal energy system at PXL-Tech Diepenbeek, will be viable. 

First of all, an analysis of the building’s heating energy needs is made. The focus on this branch is 

done without taking into account the hot water system, because this is researched in another 

study. 

So as to do the analysis, a calculation of the energy losses and energy gains of the engineering 

college for one year is made. In this way, the heat energy balance is measured. But, the energy 

gains and losses don’t happen at the same time and so, the installation is dimensioned for the 

worst case, that is, when there are no heat gains.  

Then, the heat pump is chosen taking into account its price, efficiency and the warranty. After 

that, a decision on the heat exchanger’s length is taken and an economic and environmental 

analysis of the heating system is made. 

Hypothesis might be: that a geothermal system at PXL-Tech is possible because of different 

reasons. Firstly, the heating energy costs of the building would be reduced drastically. Secondly, 

safety at the building would be increased because dangerous fluids would be avoided. Lastly, the 

CO2 amount raised would be hugely declined.   
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2. Method 
First of all, I am going to start my work making a study of the source’s that PXL-Tech building can 

take advantage of.  

Two characteristics that should be taken into account in a sun energy installation will be analysed: 

sun energy that arrives to the building and wind speed. 

After knowing this data about solar energy, I am going to focus fully in geothermal energy. The 

ground’s either physical or thermal characteristics will be broken up, so as to know better the 

current situation of the source.   

Then, all the heating losses of the building will be measured. They are divided in three groups: 

Transmission losses, Ventilation losses and Infiltration losses.  

After that, heating gains of the building will be estimated. Likewise, they are based on three 

different teams which are gains due to human presence, gains owing to electrical devices and 

gains because of sun energy. 

Once knowing these values, I am going to calculate the energy balance of the building comparing 

the heat losses and gains.  

Later, taking into account the worst case for the building the most suitable heat pump will be 

decided. Moreover, basing on all the information, the length of the heat exchanger will be fixed. 

Once knowing all the prices, both economic and environmental analysis of the installation will be 

done. 

Finally, I am going to analyse all the positive aspects of this system, as well as, the negative ones 

and I will arrive to general conclusions. 
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3. Results 
To start with, a primary research was done about the building’s nature resources, either for 

photovoltaic energy or for geothermal energy. 

First of all, I prepared all the information for the PV system so as to keep abreast of the situation 

of the building. 

3.1. Photovoltaic system 

3.1.1. Sources’ information 
 

Sun energy 

 
I obtained information about the sun energy that the building gets all the year from the next 
website: [1]. To find these values inserting the next data was essential.  
 
1. Latitude and longitude. 
  
 Latitude: 50.927767º and Longitude: 5.384941º 
 
2. Irradiation angle.  
 I chose the Irradiation angle: 0º, due to the fact that I didn’t know the optimum angle 
 value to reach as much solar energy as possible, yet.  
 
3. Radiation database.  
 There were two options to choose and so, be able to obtain the needed data. The 
 alternatives were PVGIS-classic and PVGIS-CMSAF. Both were used and a comparison was 
 made which is shown in the table below (table 1). 
 

Table 1: Comparison between PVGIS-classic and PVGIS-CMSAF 

Solar radiation database used Optimal inclination angle Hopt average year (Wh/m2/day) 

PVGIS-classic 34º 2960 

PVGIS-CMSAF 36º 3380 

 
As we can see in the Table 1 each of them gave us a different optimal inclination angle.   
 
 In the article “A new solar radiation database for estimating PV performance in Europe and 

Africa” it is said that PVGIS-CMSAF is a new version of PVGIS (Photovoltaic Geographical 

Information System) with CM-SAF data. This CM-SAF method only relates the top of atmosphere 

to the surface irradiance, only for cloudy skies and not for clear sky. Besides, in an example of a 

single measurement station that is made in the article, it is stated that PVGIS-classic is more 

accurate than PVGIS-CMSAF. 

After reading this information, I determined to take into account the PVGIS-classic method. As a 
result, the optimal inclination angle for PXL-Tech is 34 º. Consequently, the angle that our PV 
should have is 34º. 
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Figure 1: Comparison of solar energy that our PV system can catch 

In this figure 1, the horizontal axis shows the months of a year and the vertical axis shows the 
energy per square meter that arrives per day at PXL-Tech. 
 
If we look at the graphic, we can see that the horizontal irradiation and the irradiation at 0º are 
the same. Over almost all the year, the amount of the sun energy obtained in the optimal 
orientation is bigger than the other orientations.  
 
Nevertheless, we can realise that around June this pattern is changed. In this particular period, 
the sun is in its highest position of the year and so, the sun waves arrives from the most 
perpendicular position of the whole year; consequently, in this particular period, the horizontal 
orientation is able to obtain higher sun energy values.  
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Figure 2: Optimal panel inclination angle depending on the months 

In figure 2, the horizontal axis shows the months of a year and the vertical axis shows the optimal 
inclination angle of the PV. 
 
This graph is clearly related to the figure 1. Around December 21 the sun is in the lowest height 
for us and so, its waves come from a lower elevation; that´s the reason why around these days 
the optimal panel inclination angle is high. The opposite happens around June. This factor needs 
to be taken into account when choosing the type of PV and in order to avoid shadows between 
different PV. 
 

 
Figure 3: Ratio diffuse/global irradiation 
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In this graph (figure 3), the horizontal axis shows the months of a year and the vertical axis shows 
the ratio between the diffuse and global irradiation. 
 
This line chart shows the importance of the diffuse irradiation. The bigger is the number of the 

ratio, the more importance the diffuse irradiation has. As we can see in the graphic, the diffuse 

irradiation supposes more than half of the total irradiation during the whole year. This value even 

considerably increases during the winter when it reaches the value of 0.8. We will have to take 

into account this factor too, when choosing the type of PV and make different hypothesis.   

 

Figure 4: Average temperature 

In figure 4, the horizontal axis shows the months of a year and the vertical axis shows the average 
daytime temperature, in blue, and 24 hour temperature, in red. 
 
This chart depicts the values of average outside temperature over the year. The temperature is a 

crucial factor, because depending on its value the efficiency of our PV can vary. For instance, 

when the PV´s temperature is too high, the PV´s efficiency will decrease significantly. This is 

clearly represented in the next graph, where most energy produced is when the outside air has 

the lowest temperature (20ºC) (see figure 5) taken from [2].  
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Figure 5: Temperature vs. Power obtained from PV 

Sun energy results 

Once making all the analysis, I continued looking for information, but in this case, the orientation 

that I took was 34ºC, that means, the optimal one. 

 

Figure 6: Irradiation that our building can catch 

 

In this chart (figure 6), the horizontal axis shows the months of a year and the vertical axis shows 
the irradiation that PXL-Tech building can take advantage of. 
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This bar chart breaks down the data of irradiation that our PV system will be able to use to 
produce electricity when are orientated in the optimal angle (34º). 
 
Basing on the figure 1, the peak of the solar energy that our PV can take advantage of will be in 
July. So, our energy production peak also will be in July. Normally, as in this month there are no 
classes, it is likely that it couldn´t be consumed by the building holders so it will be given to the 
grid. Nevertheless, in May or June it may produce a big quantity of energy that can be consumed 
in the building. However, as I mentioned before, either the temperature or other factors will 
affect the production system and so, maybe some facts that I mentioned in this paragraph will 
vary. 
 

Solar chart 

After all the examinations, I continued finding our building’s solar chart. I checked the website 

mentioned below for that: [3] 

Firstly, I entered the same latitude and longitude. After that, I chose the Time zone UTC + 1h and 

the data from December to June, so as to be able to see them in local standard time. 

 

Figure 7: Solar chart in PXL-Tech 

This chart (figure 7) shows the position of the sun during the year. This position is shown using 

different kind of axis. Firstly, on the X-axis West and East are shown. At the same time, in the Y-

axis South and North are represented. Our building is located in the middle of the graph, while its 

north façade is looking at the North side of the graph, in other words, looking at the keyboard of 

the computer.  
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The altitude that the sun will have is exposed by the circle of the degrees that are around the 

middle point of the chart. When the radio is the biggest, the sun’s height is the lowest. As the 

diameter decreases, the height of the sun from the ground boosts.  

If we pay attention to the graphic (figure 7), we can see that on 21th of December we have the 

less available solar hours and on 21th of June the most solar hours in a day. This is because in 

December the sun lights will arrive to the building from 9 a.m. until around 4:30 p.m.; due to its 

low height. In contrast, in June the sun lights will arrive to the PV from 5 a.m. until around 8 p.m., 

owing to its high elevation. 

Moreover, we can realise that the bigger shadow we will have in December because the sun is in 

the lowest height. We will take into account this to measure the distance that we have to leave 

from one PV to other in order to avoid shadows between each PV. To calculate the distance that 

we must keep between each PV we are going to base in the next picture. 

 

Figure 8: Explanation of the variables for the calculation of the minimum distance 

Firstly, I calculated the height of the sun in the lowest case that means, on 21th of December 

using the next equation (equation 1): 

Equation 1: Height of the sun 

  (            )        
 

As in our case the latitude is 50.927767º, the height (H) will be 39.0722º. 

Once we have this value we can start with the main equation (equation 2): 

 

Equation 2: Minimum distance between different PV 

       (      
    

    
) 

 

  is the our PV inclination angle, in our case it is 34º.  
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  is the length of our PV. I still didn´t know this factor because we hadn´t decided yet. So the 

calculation of the minimum distance was done once we knew this characteristic. This part finished 

Mr. Mikel Vergara.  

Wind speed 

After analysing all the aspects of the sun energy that arrives to PXL-Tech, I checked the maximum 

wind values of the place. These values are important to ensure a safety installation of the PV-

System. 

PXL-Tech building has its own weather meter. Unfortunately, it was installed in February. As a 

result, I did not get data enough from this source.  Therefore I check the next websites: [4] [5] 

 [6] [7] 

But, after, Mr. Vanheusden recommended me to check the next website where I could find 

deeper data. [8] 

This webpage seemed to be reliable. I took data from different stations and the closest stations 

from our building were Kleine Brogel Air Base, Schaffen Airfield (Diest, Belgium) and Maastricht 

Airport. 

 

Figure 9: Distance between PXL-Tech and Maastricht Airport 26,7 km 



 

Sustainable energy reduction, production and management at PXL-Tech. Geothermal Energy 
Amaia Larrañaga Arregui 

Page 25 

 

 

Figure 10: Distance between PXL-Tech and Kleine Brogel Air Base 28 km 

 

Figure 11: Distance between PXL-Tech and Schaffen Airfield (Diest, Belgium) 24 km 

With each station mentioned in figure 9, 10 and 11, I checked the annual data of 2010, 2011, 

2012, 2013 and 2014; and I chose the worst case, that means, the biggest wind speed value. 

To start with, I analysed Kleine Brogel Air Base (Kleine Brogel, Belgium) data. 
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Figure 12: Wind Speed values 2010 Kleine Brogel Air Base 

In this year (figure 12) was happened the biggest wind gust speed. It was measured in 28th of 

February 2010 and the value was 24 m/s. Our PV system has to be a safe and reliable item so it 

must be always ready to face the maximum wind speed in order to avoid future problems. 

Then, I break down figures of Maastricht Airport. 

 

 
Figure 13: Wind Speed values 2010 Maastricht Airport 

In this case, we can see in the figure 13 the values of 2010, where the highest wind gust speed 

happened, which is 29 m/s measured, likewise, in 28th of February 2010. 
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Finally, I consulted the records of Schaffen Airfield (Diest, Belgium) (see figure 14). 

 

Figure 14: Wind speed values 2014 Schaffen Airfield 

 

The maximum wind gust speed value is 55 m/s, which was measured in 1st of May 2014. 
 
At the same time, I examined the main directions of the wind of each station. The data of 
Schaffen Airfield was based on the historical records from 2000 to 2012, whereas the data from 
the station of Kleine Brogel Air Base (Kleine Brogel, Belgium) was based on the historical records 
between 1974 and 2012 and the data of Maastricht Airport was based on the historical records 
over 1974 and 2012. 
 
To start with, I checked Kleine Brogel Air Base (Kleine Brogel, Belgium) data (figure 15). 
 

Figure 15: The fraction of time of the wind from each orientation Kleine Brogel 

Data of Schaffen Airfield (Diest, Belgium) (figure 16): 
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Figure 16: The fraction of time of the wind from each orientation Schaffen Airfield 

Maastricht Aachen Airport (Maastricht, The Netherlands) records: 

 

Figure 17: The fraction of time of the wind from each orientation Maastricht 

If we analyse the figures 15, 16 and 17 we can see that the most common wind direction is SW. I 
still hadn’t known if our PV would have had a track or it would have been fixed, but we had to 
bear in mind this factor, especially in case of the SW direction, because our PV would have had to 
suffer from the wind more in this direction.   

I needed to find a way of choosing the most reliable data for our building. Therefore, I decided to 
make a comparison between the values of each station. 

I collected the wind speed and wind direction values of each hour, of each station and also, of 

PXL-Tech exactly from 26/02/2015 between 10 a.m. and 2 p.m. and 27/02/2015 2 a.m. and 6 a.m.  

I obtained the wind data of PXL- Tech building using the next programme: Weather Link 6.0.3 exe 

[9]. With this software, I was able to see the data that our weather station had measured. 

Then, I compared our building´s figures with Schaffen Airfield (Diest, Belgium), Maastricht 

Airport´s data and Kleine Brogel Air Base´s data. 

Later, I took into account these values and I made a comparison between them and our PXL-Tech 

building´s meter results, in order to know the difference that exists depending on the place the 

meter is located at.  
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So as to note the dissimilarity between the records, I estimated the absolute error that existed 

between the values obtained from the general station and our building´s weather meter. To did 

that, I used the next equation (equation 3): 

Equation 3: Absolute error 

        

E : Absolute error  

Xi : Measured value 

Xt : True value  

Then, I measured the relative error using the next equation (equation 4):  

Equation 4: Relative error 

   
 

  
       

Er : Relative error 

After that, I represented them in a graphic using excel. I also calculated the average relative error 

for each station.  

In this part, I show the results that I obtained after analysing the different figures of the weather 

stations (see figure 18): 

 

Figure 18: Differences between the Weather Stations 
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In this graphic, the horizontal axis shows different values of hours, and the vertical axis displays 

the wind speed values measured in each station. 

We can see that the values from Kleine Brogel Air Base are the closest from our PXL-Tech 

building’s values. The most different figures are those which are measured in Maastricht Airport 

(see figure 19 and 20). 

 

 
Figure 19: Absolute error of each station compared with PXL-Tech station 

 

Figure 20: Relative error of each station compared with PXL-Tech station 
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Table 2: Average absolute error and average relative error value for each weather station. 

 

If we analyse figure 19 and 20, it is clear that the best approximation values will be the ones that 

have been measured in Kleine Brogel Air Base, due to their low error value. 

Besides, in case of the average absolute error and relative error in the table 2, the same fact is 

shown.  

Wind speed result: 

In conclusion, basing on the results, I took into account the data of Kleine Brogel Air Base for my 
calculations. As a result, our PV system should be able to cope with the wind speed of 24 m/s and 
the most common wind direction will be SW. 

To ensure the whole safety, I over dimensioned this value, therefore, the value to bear in mind 
was 30 m/s. 

3.2. Geothermal energy 

3.2.1. Source’s information 

Source’s physical characteristics 

To start with, I looked for information about the specifications of the surrounding ground in the 

next website. This website was recommended by Mr. Win Vandormael: [10] 

The longitude and latitude of our building were inserted and consequently, the next information 

was founded (see figure 21): 
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Figure 21: Analysis of the surrounding ground 

I focused on the different layers that our ground is shaped with, in order to know the conductivity 

and analyse their properties, those which are related with the pierce process.  

Our ground is shaped in the next manner (see figure 22): 

 
Figure 22: Analysis of the ground 

 

This table lists the different types of shapes of the ground of PXL-Tech, pointing out their 

thickness, depth and conductivity values.  
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As in the picture is said, the data must be verified with new investigations but in our case, we did 

not follow that step due to mainly lack of time.   

Source’s thermal characteristics 

Once I knew the ground´s physical and conductivity characteristics, I had to find its thermal 

characteristics.  

To find them I used the next equation (equation 5): 

Equation 5: Ground’s temperature depending on the depth and the day of the year 

 (   )         
  √

 

       *
  

   
(     

 

 
√

   

  
)+ 

 

z : the depth  

t : the number of the day of the year, calendar day 

Tm : the annual average air temperature 

As : the change of the temperature 

α :  the soil thermal diffusivity  

I took this equation from a subject of University of the Basque Country (UPV/EHU) which is called 

“Geothermal energy” [11]. This formula was created mainly for homogeneous ground. As we have 

seen before, our ground is not homogeneous; it has different layers with different thickness and 

so, different thermal diffusivity. In order to reach a visual approximation, I took an average value 

of diffusivity, as my professor of UPV/EHU Mr Aitor Urresti recommended me.  

As the exact depth of our system was going to be measured after knowing the energy needs of 

the building, I made simulations of the temperature using different depth values in excel. The 

same calculations for different days of the year were made, too; and then, the average value was 

measured. 

Annual average air temperature 

So, to start calculating the values I should have replaced in the formula, I calculated the annual 

average air temperature. For that, different sources were consulted. Then, I chose one basing on 

that my tutors agreed the next web-page was reliable: 

 [12] 
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Figure 23: Average monthly Temperature for Hasselt 

This line chart (figure 23) shows the months of the year in the horizontal axis and the average 

temperature values in the vertical axis.  

Basing on this information,  I calculated the average annual air temperature.  

ANNUAL AVERAGE AIR TEMPERATURE VALUE 

In order to obtain the average temperature value, I took into account all values of the table and I 

calculated the medium figure. The result is marked in yellow colour (see figure 24).  

 

Figure 24: Excel calculations to obtain the annual average air temperature 

Thermal diffusivity of the ground 

After that, the thermal diffusivity was measured.  The ground’s characteristics are not specifically 

said and so, some approximations to calculate the thermal diffusivity values were made.  

* I have chosen sand dry value to know the density.  

**For clay, I chose the most repetitive value of the density of the clay. To know the data of Sand 

clay and Clay sand some approximations were made. First, I calculated the average value of the 

thermal diffusivity which is 0,391 (m2/s) (x10-6). After that, I estimated its quarter part which is 0, 

1. In the case of Sand Clay as Sand has the biggest part, 0,491 was taken and in the case of Clay 

Sand, basing in the same theory, 0,291 was chosen. This is only an approximation.  
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After making a primary research [13], [14], [15] , [16] , [17],  [18]  next thermal diffusivity values 

were collected and the next average thermal diffusivity value of the ground were obtained (see 

table 3): 

Table 3: Type of layers and their thermal diffusivity 

Type λmin (W/mk) λaverage (W/mk) Thermal diffusivity 
(m2/s) (x10-6) 

Sand clay 1.4 1.7 0,423 

sand 1.9 2.3 0,521 

sand 1.9 2.3 0,521 

Clay sand 1.8 2.1 0,291 

Clay 1.2 1.5 0,261 

Sand 1.9 2.3 0,521 

Sand Clay 1.4 1.7 0,423 

Clay Sand 1.8 2.1 0,291 

Clay 1.2 1.5 0,261 

Clay Sand 1.8 2.1 0,291 

Sand Clay 1.4 1.7 0,423 

Clay Sand 1.8 2.1 0,291 

Limestone 2.3 2.3 1,2 

Average Thermal diffusivity   0,44 

 

Change of the temperature 

Then, I calculated the change of the temperature, in other words, its amplitude.  For that, I 

analysed the three closest station´s values. The data from the station of Maastricht Aachen 

Airport: 
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Figure 25: Minimum and maximum temperature values, Maastricht Aachen Airport 

These results from the figure 25 were obtained taking into account historical records from 1974 

to 2012.   

The data from the station of Kleine Brogel Air Base (Kleine Brogel, Belgium): 

 

Figure 26: Minimum and maximum temperature values, Kleine Brogel Air Base 
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The data from the station of Schaffen Airfield (Diest, Belgium): 

 

Figure 27: Minimum and maximum temperature values, Schaffen Airfield 

As is the anplitude of the temperature, it is the half of the difference between the maximum and 

minimum temperature of the year. 

Equation 6: Temperature’s anplitude 

   
         

 
 

If we check picture 25, 26 and 27 the value of the maximum temperature is around 24ºC. 

If we see picture 25, 26 and 27 the value of the minimum temperature is around 0ºC. 

   
         

 
  

    

 
      

To value 

Another value that I had to replace in the formula was To. It depended on the properties of the 

ground, it was around 25ºC and 45ºC usually, and I took the value of 35ºC as approximation.  
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Source’s thermal characteristics result 

 

Figure 28: Ground Temperature at PXL-Tech  

This figure 28 shows the days of the year in the horizontal axis. In the vertical left axis shows the 

temperature value and in the vertical right axis shows the depth of the ground. 

As we can see in the figure 28, the ground temperature changes a lot the first meters, but after 

around 10 meters, it remains constant. So we will have the same temperature 10 meters down 

from the surface or 300 meters down from the surface because it remains flat. 

After that, I analysed in which depth exactly started to be constant our temperature due to the 

fact that, after this value the temperature will remain on a plateau.  

 

Figure 29: Ground’s temperature around 10 meters 
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If we see the figure 29, we realize that the constant temperature of 10.7 ªC is reached at around 

15 meters. Nevertheless, at 10 meters depth also, it has considerable steady values. So, after this 

depth the temperature values would be the same and our temperature would not increase.  

As I have seen when I was doing primary research, the constant temperature value of the ground 

and the air’s average temperature are the same. In fact, we can see in the figure 29 that the 

steady value which is 10.7ºC is the same as the average air temperature that we saw before. 

Moreover, the temperature keeps the same value after a depth of 10 meters. This is exactly what 

I saw in the primary research. 

Therefore, I conclude that my calculations are well done. 

3.3. Heat gains and heat losses balance 
After knowing the characteristics of the ground, I started with the main calculations. I collected all 

data in order to make the balance between the heat gains and the heat losses of the building.  

3.3.1. Heat losses 

Our building suffers from three different types of heat losses (see figure 30): 

 Transmission 

 Ventilation  

 Infiltration 

 

Figure 30: Heat losses of a building 

Our building has two different periods of heat losses:  

 Winter. Around half of the year, our building losses heat because energy goes 

outside the building. 

 Summer. The other half of the year, our building earns heat, which means a loss 

too, because energy enters to the building.  

Ti: I fixed some values basing on what are the most popular values used in different softwares, for 

instance, in PEB. 
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To: To choose these temperature figures for outside the building. 

Temperature inside the bulding 

I took into account the next values for the temperature inside (see table 4). 

Table 4: Temperature values for inside the building 

Duration Ti 

October-March 19ºC 

April-September 23ºC 
 

These are the temperature values that I fixed for our building. They can be changed but in my 

view, they are the most reasonable values. Moreover, these are the values that most softwares 

use, for instance, EPB software tool and my tutors agree with my decision.  

Temperature outside the building 

To choose the temperature figures for outside the building, I analysed the historical temperature 

data from the next webpage: [12] 

I calculated an average temperature taking into account the mean low temperature values for the 

period between October-March and at the same time; I estimated an average temperature taking 

into account the mean high temperature values for the period between April-September (see 

figure 31).  

 

Figure 31: Ti and To values for each period 

Transmission heat losses 

It is the heat loosed through the walls.  
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Figure 32: Representation of the heat loss through a wall 

In the figure 32 we can see a heat loss that happens throughout the wall which is made of two 
materials with the conductivity value of k1 and k2.  

To calculate the transmission heat losses of the building, I followed the next equation (equation 

7): 

Equation 7: Transmission heat losses 

 ̇        (     ) 

 U: Thermal transmittance of the walls. 

A: The area where the transmission heat loss is happened. 

Ti: Temperature inside the building. 

To: Temperature outside the building. 

Each kind of wall had its own characteristics, and in consequence, its thermal transmittance. For 

instance, the walls were made with a group of some materials and the roof had another ones. 

Therefore, I calculated the heat losses for each kind of material’s group: Roof, ground, 

surrounding walls and windows and glasses (see equation 8). 

Equation 8: Total transmission heat losses 

 ̇            ̇            ̇              ̇                     

   ̇                    

In case of the ground, I had to calculate the To for it. To do so, I collect information from different 

sources. 

 

Figure 33: “Ahorro y Eficiencia Energética en Climatización” [18] 
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The aim of the book was to have handy reliable data which are used in Refrigeration, Ventilation 

and Heating projects.  

As we can see in the figure 33, the method to find data about ground temperature consists on 

measuring ground temperature 20cm far from the 0 level, and measure it at 0, 6, 12 a.m. and 18 

p.m. every day. 

Consequently, I used the excel program, the same formula that I showed before when analysing 

the surrounding ground. I calculated every day’s ground temperature values for 20cm far from 

the ground. 

Then, I took into account the values from October to November to calculate the ground’s average 

winter temperature. The same was done for the remained period of the year, so as to reach the 

ground’s average summer temperature. 

 

Figure 34: Results of ground’s temperature  

Thermal transmittance 
Equation 9: Thermal Transmittance 

  
 

 
(     ) 

Equation 10: Thermal Resistance 

  
                          

                                     
 (     ) 

R: Thermal resistance 

This factor (R) shows how easy the material transmits or not transmits the heat. A bigger thermal 

transmittance value means a lower isolation capacity of the material. 

If we check equation 9 and 10, firstly I should have known the thermal resistance value. For that, I 

should have checked the thickness of each material and the thermal conductivity too. First of all, I 

collected data about the layers that the walls, roof, glass and ground are made with.  I used the 

next design that Mr. Roger Vrancken gave me.  



 

Sustainable energy reduction, production and management at PXL-Tech. Geothermal Energy 
Amaia Larrañaga Arregui 

Page 43 

 

 

Figure 35: Example walls’ composition 

Taking this picture (see figure 35) as an example of what I did, we can see that the data is written 

in Dutch and to have clearer information, I used either the translator or my colleagues’ and tutors 

explanations. Basing on this information, I looked for these materials’ thermal conductivity. The 

model of the materials or the producing year was not written in the designs; as a result, I took the 

most suitable conductivity values. The conductivity value shows also how easy a material 

transmits heat.  

The thermal conductivity values of different materials were chosen from the websites that are 

mentioned in the references [19], [20], [11], [21], [22] and [16]. Besides, Ms. Nele Houben helped 

me with the thermal resistance values of the stones.  

I had to take into account the convection factors as well, ho and hi. 

 

Figure 36: Explanation of thermal transmittance calculation 
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In figure 36, Ho is the convection factor between the outside shape of the room and the outside, 

and hi is the convection factor between the inside shape of the room, and the inside part of the 

building. K1 and K2 are the conductivity values of each material. 

Therefore, once knowing the total thermal transmittance value of each part, I added the values 

that are shown in the next table. Depending on each case, different values were added. 

 

Figure 37: Thermal resistance in contact with air 

This table (figure 37) lists the different values that should be taken into account when calculating 

the thermal resistance of a building. Rse is used to take into account the contact between the 

outside air and the exterior part of the building. Rsi is used to bear in mind the connection among 

the interior air and the interior part of the building. The first line is for horizontal movements of 

the air, the second, for vertical upwards movement and the third one, for vertical downward 

movement.  

As a result, the first line values were added in the wall’s thermal resistance calculations, the 

second line and the third line, in the case of the roof and ground respectively; due to the fact that 

the energy goes from the hottest place to the coldest area.  

Ground’s case is special due to the fact that its exterior area is not in contact with the exterior air. 

Therefore, I didn’t add its Rse value of the table to its thermal resistance value. A kind of the same 

happened with the glass and windows too; the values of the table weren’t added, due to the fact 

that the datasheet gave the last figure straigtway. All the windows, glasses and the automatic 

doors have the same conductivity value as we have seen in the data that I obtained. I found their 

thermal transmittance value in the next datasheet that Mr. Roger Vrancken gave me (see figure 

38) 
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Figure 38: Windows’ datasheet 

Our group was “gruppe 2.1: Fenster mit Rahmen aus wärmegedämmten Metall-oder 

Betonprofilen, wenn der Wärmedurchgangskoeffizient des Rahmens mit 2,0< kR ≤ 2,8 W/(m2K) 

aufgrund von Prüfzeugnissen nachgewiesen worden ist (siehe Abschnitt 1 mit FuBnote 2).” 

That means, these values were for window frames made of insulated metal or concrete sections 

and in the case where the heat transfer of the frame was 2,0< kR ≤ 2,8 W/(m2K), this was detected 

on the basis of test certificates (see section 1 with footnote2). 

There the value U of the window is given straightway U= 2,7 W/m2K, and so I didn’t take into 

account the values of the table that I mentioned above.  



 

Sustainable energy reduction, production and management at PXL-Tech. Geothermal Energy 
Amaia Larrañaga Arregui 

Page 46 

 

Thermal transmittance results: 

The thermal transmittance values for different parts of the surrounding area are the next ones: 

o Roof 

Thermal Resistance:  

 

 

 

 

 

 

o Ground 

Thermal Resistance:  

 
 

o Surrounding walls 

 

Thermal Resistance: 

 

Figure 41: Surrounding walls’ thermal resistance            

o Windows and Glasses 
 

Thermal Resistance: 2,7 W /m2K  

Surrounding area 

In order to calculate the value of the area where the heat is lost, I used the buildings’ designs that 

Mr. Roger Vrancken provided me. 

Mr. Mikel Vergara wasn’t able to continue with his part of the project because he was waiting for 

some data. Therefore, he helped me and calculated the total area of glass surface and the total 

area of windows’ surface. I calculated the total surrounding area of the building. 

There is a future project where PXL-Tech will probably be got bigger. I didn’t take into account this 

project. So, all my calculations are based on the current situation of the building. 

Surrounding area result 
o Roof: 4563,598 m2 

o Ground: 4563,598 m2 

o Surrounding walls: 3437, 526 m2 

o Windows and Glasses: 1519,605 m2 

Figure 39: Roof’s thermal resistance 

Figure 40: Ground’s thermal resistance 
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Transmission heat losses result 
Table 5: Transmission heat losses result 

HEAT LOSSES WINTER SUMMER 

WALLS 12716,81938 2570,420939 

ROOF 33850,39439 6842,100994 

GROUND 71091,78938 31295,55482 

GLASS AND WINDOWS 64279,2915 12992,62275 

TOTAL LOSSES (W) 181938,2947 53700,6995 

 

Infiltration heat losses 

It is when air gets in the building from little holes that are throughout the building, for instance, in 

roofs, windows or walls.  

To calculate the infiltration value I used the next equation (equation 11): 

Equation 11: Infiltration heat losses 

 ̇          ̇(     ) 

ρ: Air density (kg/m3) 

Cp: Specific heat capacity of air (J/kgºC) 

 ̇: Ventilation volumetric air flow (m3/s) 

Ti: Temperature inside the building and To: Temperature outside the building. 

Ventilation volumetric air flow 

To calculate the ventilation volumetric air flow (m3/s) I checked University of the Basque Country 

(UPV/EHU)’s documents, in particular, the information of the subject called Energy Efficiency. 

There appear different methods to calculate the ventilation volumetric air flow and I chose the 

“Air change method”. 

Equation 12: Ventilation volumetric air flow (m
3
/s) 

 ̇  
     

    
 

ACH: Air Changes per Hour, V: Volume of the building (m3) 

Basing on the information of this method and as our building is around twenty years old, I decided 

at first to take this value: 

        new/hour 

Nevertheless, I consulted this value with my tutors and Mr. Jorn Vanherck, and we decided to 

make a blower door test to obtain a real value. 

These measurements are based on the next. Firstly, the blower-door fan is temporarily sealed into 

an exterior doorway using the door-panel system.  

Secondly, all the exterior doors and windows have to be closed and all the interior doors and 

windows have to be opened. 
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Thirdly, all the wholes of the doors and windows have to be closed using zeal, for instance. 

Consequently, a closed area is obtained.  

 

Figure 42: Example of an exterior door 

As we can see in the figure 42, it is ensured that the door is properly closed using zeal in order to 

not let air go through little gaps that exist on the top, bottom and middle of the door. 

After all the measurements, the machine starts working and it measures the pressure inside and 

outside the building and basing on that, gives the air values’ results.  

 

Figure 43: Illustration of our measurements 
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In the middle of the picture 43, we can see the blower-door fan. In the right part an interior door 

is shown. Thus, it is opened.  

In our case, it would be very expensive to make this kind of calculations for the whole building. As 

a result, we made the calculations for the E and F building in each floor and after that, we 

extrapolate the results that we reached.  We made each measurement twice. The difference 

between them was just the orientation of the machine. In this way we were able to compare both 

results and see if the data we obtained were reliable. 

 ̇     
  

(    )
                  (           )         

  

 
 

Air density (kg/m3) and specific heat capacity of air (J/kgºC) 

I have taken into account the standard values:  

            

              

Infiltration heat losses results 

 

Table 6: Infiltration heat losses result 

INFILTRATION HEAT LOSSES WINTER  SUMMER 

(W) 393313,6936 79566,33113 

 

Ventilation heat losses 

This happens when the windows or doors, for example, are opened in order to get fresh air in the 

building. Ventilation is necessary in a building. Nonetheless, it has the negative effect that doing 

it, we will loss energy.  

To calculate the ventilation losses I am going to use the next equation 13: 

Equation 13: Ventilation heat losses 

 ̇           ̇(     ) 

ρ: Air density (kg/m3) 

Cp: Specific heat capacity of air (J/kgºC) 

 ̇: Ventilation volumetric air flow (m3/s) 

Ti: Temperature inside the building and To: Temperature outside the building. 

As you probably realise, this formula is the same as the one that I used to calculate the infiltration 

losses. The difference between them is the ventilation volumetric air flow. 

Ventilation volumetric air flow 
Equation 14: Ventilation volumetric air flow (m

3
/s) 

 ̇  
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So as to decide the air values for ventilation, firstly, I consulted Spanish Government’s regulations.  

[23] 

In the Spanish regulation about thermal installations in buildings, there appears that university 

buildings are part of the group IDA 2. We can see it in the next figure 44. 

 

Figure 44: Explanation for IDA 

 

Figure 45: Minimum outside air quantity per person for ventilation Spain 

The values from figure 45 are taken from the Spanish government 

However, as our building is in Belgium I took into account standard values, which are the next: 

 

 

Figure 46: Minimum outside air quantity per person for ventilation Belgium 

This table (see figure 46) is used in the subject 3 Klima: Ventilatietechnieken en luchtbehandeling 

2 – 7. Niet-residentiële ventilatie PXL-Tech – Lecturer: Mr. Andy Camps [24]” 
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If we take into account figure 44, figure 45 and figure 46, it is clear that data from Mr. Camps and 

data from the Spanish Government are the same. Both are based on EN 13779. 

We can see the difference between countries there, because in Spain the minimum air value for 

classrooms was IDA2 36 m3/hperson but as Mr. Camps told me, in Belgium the value was 22 

m3/hperson, IDA3. 

Nevertheless, I followed the method that Mr. Camps used in his subject called 

“Ventilatietechnieken en Luchtbehandeling 2” [24]”and in his book, as well.  

The algorithm that I had to follow with rooms where it is expected people to be there for long 

periods was the next: 

 

Figure 47: Algorithm for common rooms 

This flow-chart (figure 47) shows the succession of operations in the process of choosing the 

correct air value for each room. 

 

Figure 48: Floor’s area per person (m² / person) 

To start with,  
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1. Ontwerpbezetting was the number of chairs. It represents the quantity of people. This 

was the approximation that Mr. Camps recommended me to do. 

2. Vloeroppervlak/persoon was the value that we took from the picture 48. I had to divide 

our room’s area with the value of the table, in this way I was able to obtain the number of 

person.  

Then, I compared 1, 2 values that I mentioned above, and I chose between them the biggest 

quantity. 

After that, I multiplied the value I chose with 22 m3/h person. This was the “debiet”. 

In our classrooms and laboratories are teachers and students, so they are working areas. In 

conclusion, I had to follow the last step of comparison between Debiet and 30m3/h person. The 

same happened with the canteen and the offices.  

I had to compare: 

A. The number of chairs (Ontwerpbezetting ) multiplied by 30 m3/h person. 

B. The Debiet that I had obtained.  

If B was bigger than A, (B>A); I had to take into account B. If not, I had to choose A. 

 

Figure 49: Algorithms for all kind of rooms 

In the figure 49 we can see the different ways that I had to follow for the ventilation air value 
calculations of common rooms, rooms not designed for long human occupation and special 
rooms. 

In case of the rooms where people are not there for a long time, I had to follow the second 

column of the picture 49. Special rooms where particular characteristics should be kept, I should 
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have followed the third column. Nonetheless, I didn’t know their special air values. I consulted 

with Mr. Camps and he suggested me to consult it with Mr. Roger. After discussing the topic with 

him, he claimed me to take some of this kind of rooms as current ones (if they are designed for 

human occupancy) and to not take into account if it is not expected that people will be there for 

long periods, for instance, the storage areas. 

Once I understood what data I needed to obtain my results, I started collecting information. First 

of all, I had to know all areas of all rooms of the University College. For that, Mr Roger provided 

me the designs of all the rooms of all the floors of the PXL-Tech. 

After knowing these values, I decided for each of them which column I had to follow so as to get 

the results that I needed. 

I had to do a lot of calculations and so, basing on my previous knowledge of the software 

MATLAB, I decided that the best option would be to create a file there, which was able to give me 

the values that I was looking for just entering the data.  

 

Figure 50: Example of a room of the building 

I followed the same procedure with all the rooms. Therefore, I created a file in Matlab. I inserted 

all the data that I needed for my calculations there and in this way, I obtained straightway the 

results. 

 

 

 

 

 

 

In the figure 51, it is shown the main menu of the file I built in MATLAB, in order to follow the 

algorithms and obtain the results easier. 

The whole document that I created is attached in the final part of the Research Paper, see 
attachment 1. 

Ventilation volumetric air flow result 

The results that I got are the next: 

 
Figure 52: Air value results 

Figure 51: Main menu 
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Ventilation heat losses results 

 
Figure 53: Ventilation heat losses results 

 

3.3.2. Heat losses results 
 

 
Figure 54: Total heat losses results 

3.3.3. Heat gains 

Every building has heat gains due to sun irradiation that arrives to the building, the human 

presence and the use of electrical machines and lightning system. These all factors are better 

shown in the picture 55 below. 

 

Figure 55: Heat gains explanation 

Sun gains 
Equation 15: General equation to calculate sun gains 

    ∑   

 

 ∑   

 

∑    

 

 

   
: Irradiation that arrives to the building with j orientation. 

    
: Area of the building which is orientated in j direction and is able to catch sun energy. 

Likewise, to calculate the sun gains, I divided the year in two different parts: 

 Winter 

 Summer 

In summer, I had to take into account the sun gains through the walls and the sun gains through 

the glasses and windows. 
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In winter, I had to take into consideration only glass and windows gains, due to the fact that the 

gains through the walls are very little because the irradiance is not strong enough. 

From October-March I followed the equation 16: 

Equation 16: Total heat gains of the building in Summer 

                              

From April-September the equation 17 was used: 

Equation 17: Total heat gains of the building in Winter 

                       

In case of the walls, to calculate the heat gains due to sun, the next formula is used equation 18: 

Equation 18: Heat gains through the walls 

               
 

  
 

Alfa ( ) is the transmission coefficient of the wall, ho is the convection coefficient between the 

walls and the air, and U is the thermal transmittance of the wall. A and I are the same from the 

formula before. 

From October-March the total heat gains are shown in the equation 19:  

Equation 19: Total heat gains of the building in Winter 

 ̇       ̇       ̇            

    ̇            ̇           ̇           ̇          

   ̇                   ̇                

  ̇                  ̇                  

From April-September the total heat gains are displayed in the equation 20: 

Equation 20: Total heat gains of the building in Summer 

                    = 

                                                       

                   

Calculation of area 

Glasses 

In case of the glass and windows, as they are sheer materials, I had to calculate the area using the 

equation 21: 

Equation 21: The area of the building that has j orientation 

          

The parameter g is the transmission coefficient of the material. Fw is the factor of the window, 

that is, which is the amount of real glass, taking into account the amount of the whole physical 

window. To calculated this factor, the equation 22 was followed 
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Equation 22: Window factor 

   
          

           
 

To calculate it, Mr Roger provided me another designs of the windows. The results, see figure 56: 

 

Figure 56: Results of the windows’ f factor 

After consulting with Mr. Jorn Vanherck, I took the value of 0.7 as transmission coefficient (g) of 

the glasses and windows. 

The area of the windows was more or less the same as I used in transmission losses. Nevertheless, 

because of the position of some windows, they will receive an amount of irradiation from more 

than one orientation or less. I have taken into account this factor (see figure 57). 

 

Figure 57: Results of Windows’ area, f factor, and absorptivity 

Walls 

The area of the walls was the next (see table 7): 

Table 7: Area of the walls 

Wall orientation Area of the wall m2 

North 1422,425 

East 1530,293 

South 1106,37 

West 1576,813 

Roof 4563,598 

Floor 4563,598 

 

Because of the position of some walls, some of them will receive an amount of irradiation from 

more than one orientation or less. I have taken into account this factor. 

Calculation of irradiation 

To calculate the irradiance values depending on the orientation, I used the next webpage: [1] 
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There I inserted our building’s position: 

Latitude: 50.927767º and Longitude: 5.384941º. 

I was only able to obtain monthly average values for each orientation. And so, I inserted all the 

information in an excel file, and an average irradiation value for each period of the year (summer 

and winter) was calculated. Likewise, was done with each orientation. 

The irradiance average values depending on the orientation of the roof are the next ones:  

Table 8: Irradiance value for each wall 

Wall orientation Inclination Orientation Value W/m2 

North 90º 180º 57,01317 

East 90º -90º 115,37146 

South 90º 0º 168,81927 

West 90º 90º 115,52228 

Roof 0º 0º 224,33419 

Floor 0º 0º 0 

Sun gains results 

 

Figure 58: Sun gains results 

Human gains  

These are the gains that are caused due to human presence in the building. The equation 23 was 

used for its calculation. 

Equation 23: Human gains  

 ̇       ̇              
                                   

                            
  

 

N: Number of people in the building 

P: The power that each person releases 

Human quantity 

I have taken into account the next data my tutor Mr. Gwen Vanheusden provided me. There were 
90 college lecturers and 836 students in the PXL-Tech building maximum. Besides, I checked the 
PXL-Tech academic calendar and timetables in order to know more about the hours that students 
spend in the building (see table 9).  

Table 9: Human presence’s period 

PERIOD LECTURES EXAMS 

WINTER 19 weeks 3 weeks 

SUMMER 9 weeks 3 weeks 
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I discussed this topic with my other tutor Win Vandormael, too; and finally, I made the next 
hypothesis: 

I took into account that 2/3 of the whole amount of the students came to class every day from 8 

to 15:30. At the same time, %20 students are still in class every day from 15:30 to 17:45 

Apart from that, 2/3 of the whole amount of the teachers came to class from 8 to 15:30 and %20 
of them were still in class from 15:30 to 17:45. 
 
In exam periods, I considered that students take in average 3 exams per week and they are for 3 
hours in the building per each exam and teachers spend 12 hours per week in the building.  
 
In case of Kitchen and maintenance employees, I took that they are 10 people. I supposed that 
they spent 8 hours in the building every day and that in exam period they didn’t come to the 
building (it is not that crowded or it is closed).  

Power quantity 

In order to choose the power that each produces I based my calculations in the next table  (see 

figure 59). It is taken from “Energia Geotermikoa” University of the Basque Country Professor: Mr 

Aitor Urresti. 

 

Figure 59: Rated of Heat Gains from Occupants of Conditioned Spaces 

All these people that I mentioned above were all these hours standing, doing light work or 
working slowly. 
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Apart from that, I took into account that there were always around 5 people seated and taking 
rest. 

Human gains results  

After that, the values that I obtained had been divided by the total hours of each period (see 
figure 60).  

 

 

 

 

The total results are the next: 

 

Figure 61: Total human gains’ results 

Electrical machine’s gains 

In order to be able to calculate these gains, I followed the next equation 24: 

Equation 24: Electrical machine’s gains 

 ̇                               
                                   

                            
 

N: Number of electrical devices 

P: Electrical device’s power 

I found some data in the next webpage  [25]. 

 In case of fluorescence lamps, a factor of 1,25 had to be multiplied because due to its 

characteristics they transmit more heat (see equation 25). 

Equation 25: Special case, fluorescent lamps gains 

 ̇                                      
                                   

                            
 

Therefore, so as to do all the calculations, I have checked room by room the electrical items that 

are in the building. I was not able to check some rooms, such as the offices. And so, I took an 

area’s light amount and I extrapolate this value for all the rooms that I had no access basing on 

the value of their area. 

  

Figure 60: Example of human gains calculations 
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Electrical machine’s gains results 

 

Figure 62: Gains due to electrical devices 

3.3.4.  Gains results 

 

Figure 63: Total gains 

3.4. Heat gains and heat losses balance results 

The energy balance that I have obtained is the next: 

Winter:  792,3439414 kW Heating needs 

Summer: -185,8194666 kW Cooling needs. The minus value refers to the direction of the heat 

flow. 

The biggest absolute value was that from winter, so I focused on it in order to know our heat 

pumps power. 

In summer, without taking into account the heat gains; that means, the worst case, the heating 

needs were the next: 

1095823,988 WINTER (W)  

So as to know, if the value that I have obtained was right or not, I have consulted with Mr Roger 

the current power capacity of the heat system. 

I have had the chance to consult the book “PXL Gebouw H” written by Richard Ectors. 

 

Figure 64: PXL Gebouw H book’s part of the information 

There appears that there are 3 kettles, but one of them is the one who is working most of the 

time.  Its capacity is 1098kW, and so, almost the same as the value that I have obtained. 

Moreover, this power was also to fulfill the warm water of the kitchen and my calculations were 

done for the worst case. 

In consequence, I concluded that my value was correct.  
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I over dimensioned this value in order to ensure that the system will be able to face extraordinary 

situations, too. 

               
   

  
 = 1369,779 kW for heating 

For cooling, the worst case will be the one that we have seen before; due to the fact that, we 

almost always will have ventilation, infiltration and conductivity movements. The worst case will 

be taking into account all the gains, and this is the case which I have analysed before. So, the 

value for cooling is: 

Summer: -185,8194666 kW Cooling needs 

I over dimensioned this value, too for the same reasons: 

              
   

  
        kW cooling needs 

3.5. Choose the heat pump 

When choosing the Heat Pump I have to answer the next questions: 

 Where I want to install it? 

 Which is the power that our Heat Pump must have? 

I will have to bear in mind that the heat pump will must suit in the available area. Apart from that 

I will have to consider the price, as well as, its efficiency. In case of the efficiency, I will only focus 

on COP, due to the fact that our building’s cooling needs are much lower that the heating needs.  

The best heat pump will be the one that has the highest efficiency, the lowest price and the 

highest warranty.  

Once I knew the values that my geothermal system must fulfill, I started looking for information 

about heat pumps and collecting data. 

There were different options for our installation which I want to cut in short in three main groups: 

 Install only one heat pump which is powerful enough. 

 Install different heat pumps. 

 Install a lot of different “little” heat pumps. 

I realized that the first one is not very suitable for our building, due to the fact that, the heat 

pump would work most of the time under its total capacity. Besides, the whole system would 

depend on just one heat pump and if there were any problem with it, there wouldn’t be possible 

to heat PXL-Tech, neither a bit nor completely. The investment also would have to be done at 

once. 

Related to the third choice, the negative parts are that we would need more maintenance for our 

system, owing to having more machines. Moreover, there would be needed more space and to 

make them work together successfully would be more difficult. The control system and the 

installation would be more complicated. The investment would be able to be done little by little. 

Therefore, I chose the middle option. I checked different suppliers’ websites [26] , [27] [28], [29], 

[30], [31], [32] , [33] , [34], [35], [36], [37] , [38], [39] and [40] and I arrive to the conclusion that 

there is a huge offer among heat pumps which are below 500kW, but not above 500 kW. I sent a 
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lot of messages to suppliers, too; but after analyzing the data that I obtained, I concluded that 

their capacity was below the needs of the system or some other cases, I haven’t received 

answers. I would like to get more information and so, I asked for help to my tutors and also, to 

Mr. Chris Hendrickx, but I wasn’t provided with any further information about heat pumps. I 

consulted also to my home-universities’ lecturer, Mr. Aitor Urresti, and he advised me that there 

is no a big offer in the industry with these specifications. 

 

As a result, I chose the next systems: 

Table 10: Main heat pump’s choices for our installations 

BRAND MODEL HEATING 
CAPACITY  

COP 
(EN 
14511) 

COOLING 
CAPACITY  
 

EER  
(EN 
14511)  

PRICE 
 

WARRANTY 

Danish 
Renewable 
Energy  

NGH1200BT2 
NGH130BT2 
NGH50BT2 

1200 kW 
130 Kw 
50Kw 
 
 
 
Total: 
1380kW 

5,62 
5 
5,25 

924 kW 
79 kW 
50 kW 

4,7 
4,2 
4,2 

269.487,00 € 
41.906,00 €   
21.990,00 € 
 
 
 
 
TOTAL PRICE: 
333.383,00 € 

2 years, life 
time of 20 
years without 
problems. 
Possibility to 
make it 
longer 3, 4, 5 
or 10 years 
with charges. 

Danish 
Renewable 
Energy  

NGH500BTM2 
(x2) 
NGH280BT2 
NGH130BT2 
 
 

500 kW (x2) 
 
280 kW 
80 kW 
15 kW 
 
Total: 
1375 kW 

5,125 
 
4,625 
5,25 
5 

 

446  kW  
(x2) 
250 kW 
78 kW 
15 kW 
 
 
 
1235 kW 

4,2 
 
3,85 
4,2 
4,4 

139.900,00 € 
(x2) 
82.199,00 €   
28.209,00 € 
15.990,00 € 
 
 
TOTAL PRICE: 
406.198,00 € 
 

2 years, life 
time of 20 
years without 
problems. 
Possibility to 
make it 
longer 3, 4, 5 
or 10 years 
with charges 

 

Available area for the heat pump would be in the “Stookplats”. There are the current kettles, in an 

area of 80, 6 m2. The kettles themselves take around a quarter of the room. 
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Figure 65: Current kettles  

There are next to it the control system of the temperature and heating flow, so it would be 

perfect to place the heat pumps there. 

 

Figure 66: Part of the control system 

Therefore, the available area would be around 20,15 m2. It could be a good option to replace the 

kettles with the heat pumps.  
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3.6. Choose of heat pump result 

Basing on the data I analysed, I chose the second choice.  

Danish Renewable Energy: two of NGH500BTM2, one of NGH280BT2 and one of NGH130BT2. We 

would have 1375 kW for heating and 1235 kW for cooling. The total price of the machines would 

be 406.198,00 € and we would have a warranty of 2 years, life time of 20 years without problems. 

There would be a possibility to make it longer 3, 4, 5 or 10 years with charges.  

The main reason for choosing these pumps is that the installation would be more flexible. It 

would be safer and more reliable, because the building would have two different machines to 

provide 1000kW and as I mentioned above, it is essential for the cases where the machine is 

broken or some maintenance work are needed. Moreover, the investment could be done little by 

little in different steps. The price is reasonable, is among the values of other supplier, as I found 

doing the primary research. 

 

Figure 67: Datasheets of Danish Renewable Energy’s heat pumps 

**The values of COP are not the current ones. As Michael Spitzlei from Danish Renewable Energy 

told me, the COP’s are increased roughly by 0,8 because they have optimized the machines for 

heating. In these tables they are still optimized for cooling. 

In addition to this, they could do make the installation. The facts, so far, were not enough to make 

a qualified offer. Nonetheless, Danish Renewable Energy told me that basing on their experience 

the project would cost roughly 5,7 Mio €, including installation, radiators and boreholes for the 

heat pumps. Besides, if there wasn’t any need to change the radiators, they would deduct roughly 

0,5 Mio €, and so, the installation would cost roundabout 5,3 Mio €. 

Apart from that, they also made me an offer for an Energy Management Contract, means PXL-

Tech pay just a monthly fee and they take all the investment costs, care for the system for 15 
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years and after that the college can buy the system for 1€ symbolic. This is their business model. 

But they do also EPC (Engineering Procurement Construction) as offered above.  

Related to the place to fix our heat pumps there would not be any problem to replace them with 

the current kettles in the available area of 20,15 m2 that I mentioned before. 

 The space that the heat pumps would need would be the next of the table 11: 

Table 11: Area of the heat pumps 

HEAT PUMPS AREA (m2) 

1 500 W 1,519 x 1,515 = 2,3012 

2 500 W 1,519 x 1,515 = 2,3012 

3 280 W 1,346 x 1,220 = 1,6421 

4 80 W 1,165 x 0,825 = 0,9611 

5 15 W 1,392 x 0,786 = 1,0941 

TOTAL AREA 8,2997 m2 

The height of the current kettles, such as, Buderus Logano plus SB735 is 2 meters, and as we have 

seen in the figure 65, there is more room available between the top part of the machine and the 

top of the room. The tallest heat pump’s height is 2,282 m. Therefore, I can say that the heat 

pumps would suit in this room correctly.  

The energy need would be most of the time around 1000 kW, therefore, the control system 

would be designed in the next way. The first heat pump working would be the one with a capacity 

of 500 W and the last one, the heat pump of 15 kW, this is better explained in the picture 68. 

 

Figure 68: Control system of the heat pumps 

3.7. Characteristics of the heat exchanger 
In this part of the project I fixed which kind of system would have our geothermal installation in 

order to catch the heat that is underground and so as to use it to produce energy by the chosen 

heat pump. 

There were different kinds of heat exchangers and I took into account different factors to take a 

decision. 

• Which is our available area for the heat exchanger? 

• Which are the characteristics of our heat pump? 

500 W 

500 W 

280 W 

80 W 

15 W 
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Mr. Roger Vrancken explained me how the pipes are installed around the College. There is a big 

pipe which transports the used water to the river in the available area that Mr. Mikel Vergara 

calculated. The pipe took around %5 from our area and in consequence, I removed this part from 

our available area. Apart from this pipe, there were no more pipes in our available area. 

So, as I didn´t have to take into consideration the f2 and f3 parts of the amplification project, the 

available area was the next one: 

Available area: 4794, 83 m2 – (4794, 83 m2 x 0, 05) = 4555, 0885 m2 

 

Figure 69: Area for the heat exchangers 

In the figure 69 we can see in red, the available area for the heat exchangers. I have to mention 

that all the calculations we made were based on the supposition that there will be a train road, 

and so there won´t be the trees that are just in the border of our available area. If it wasn´t the 

case, we would have to change the available area, it would be littler.  

Therefore, there is a huge area that we can take advantage of and it would make easier all the 

process. 

The heat exchanger installation can be: 

 Horizontal or vertical. The horizontal installation takes more area, the depth of the 

underground wholes is around 2-3 meters, maximum around 5meters; and they are 

commonly for little installations. The vertical ones need less area, the depth is between 

80-100 meters in general and they are for big installations.  
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 Series or parallel. 

 In the series installation the flow of the fluid is better specified, the whole amount of 

fluid does the whole way and so, the diameter is bigger, and there is a better thermal use 

per length unit. In addition, the purge operation is easier. As the diameter is bigger, the 

cost of the tubes also, is higher. The pressure losses fix the length of the installation.  

 

In the case of the parallel installation, the diameter is littler, due to the fact that the flow 

is divided in the process, but it is more difficult to balance the flow of the fluid and the 

purge operation is, at the same time, more complicated. 

 

Figure 73: Example of a series and 
parallels installation (vertical heat 
exchangers) 

Our building’s energy needs are huge; as a result, I chose a vertical heat exchanger for our 

installation. Besides, in the case where there was a want to build more buildings or other 

installations, there would be still available room for them and our installation would not be 

affected by future projects. In addition to this, I chose the series option, owing to the points that I 

mentioned above. We would have a huge installation and so, the parallel option would be hugely 

complicated. Besides, the thermal use per length is better. 

Figure 70: Example of a horizontal  
heat exchanger installation 

Figure 71: Example of a vertical heat 
exchanger installation 

Figure 72: Example of a series and parallels 
installation (horizontal heat exchangers) 
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Figure 74: Example of our hypothetical vertical and series system 

The materials that are commonly used are the polyethylene and polybutylene pipes. I chose the 

polyethylene (PEX) pipes, because basing on the information that I obtained in the primary 

research process, in different articles, such as one of the Plastic Pipe Institute, it is said that 

polyethylene pipes provide superior reliability and safety when compared to polybutylene (PB) 

piping systems used in plumbing and heating applications in Canada and USA until the mid-1990. 

Moreover, they use reliable connection systems and PEX industry is highly regulated. According to 

product standards from organizations such as ASTM International, CSA International and NSF 

International, the testing requirements for PEX systems are far more stringent than for PB 

systems. 

Once knowing that, I started with the heat exchanger’s length calculations. The formulas that I 

used are taken from the subject Energia geotermikoa from the University of the Basque Country 

(UPV/EHU).   

Equation 26: Length of the heat exchanger for heating 

          
 ̇        

     

   
 (             )

              
 

 

Equation 27: Length of the heat exchanger for cooling 

          
 ̇        

     

   
 (             )

              
 

 ̇         Heating needs of the building (W) 

     Heat pump’s heating performance 

   : Heat pump’s cooling performance 

      : Ground’s minimum temperature (K) 

      : Ground’s maximum temperature (K) 

       : Heat pump’s minimum temperature (K) 

       : Heat pump’s maximum temperature (K) 
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     Pipes’ resistance (mK/W) 

  : Ground’s resistance (mK/W) 

        : Heat pump’s using factor for heating 

        : Heat pump’s using factor for cooling 

 ̇         The cooling needs of the building (W) 

As we can see in the equation 26 and 27, they depend on the heating and cooling system’s 

efficiency for winter and summer respectively. I had to choose the biggest value between them 

for knowing the length of the heat exchanger, and as a result, the number of wholes and depth 

too. 

All my calculations are based on a system which would be able to provide 1369779,985 W for 

heating and 232,26 kW cooling.  

The system that I chose had different heat pumps, with different characteristics. Nonetheless, my 

calculations are based on the whole system, due to the fact that all the heat pumps’ together 

would have one heat exchanger system. These calculations were made with the aim of obtaining 

an approximation value of the quantity of the wholes, their depth and the area that our system 

would need. 

Heat pump’s minimum and maximum temperature values, EER and COP were taken from the 

datasheets.  

To calculate the grounds’ minimum and maximum values I used the next formula: 

Equation 28: Ground’s minimum temperature 

     ( )        
  √

 

     

Equation 29: Ground’s maximum temperature 

     ( )        
  √

 

     

Nonetheless, in case of the vertical heat exchanger installation, it is taken that As’s value is zero. 

Therefore, the minimum and maximum temperature values of the ground are the same as the 

average air temperature. 

3.7.1. Using factor’s calculations 

To calculate          and          I have analysed one year’s temperature values, from 1 of 

January 2015 until 31 of December 2015. For that, I used the next web-page that I also mentioned 

in other parts of this project [12].  

There I checked the next data: 
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Figure 75: The daily average low (blue) and high (red) temperature 

Basing on figure 75, I made some approximations there. I bearded in mind the temperature values 

are more or less the same in some parts of the year. I decided that January and December, 

November and March, May and September and June and August had almost the same 

characteristics.  Therefore, I analysed only the values of one partner of the couples. In case of 

February, April, October and July, I analysed each month separately. I have consulted this decision 

with Mr. Vanheusden and he agreed with it. 

I took the temperatures of two months from the weather station that PXL-Tech has. I took the 

data of February and March 2015. As the station was installed in 3 of February, I was not able to 

use the data from January. 

Despite having different reliable weather station around PXL-Tech, we have seen before that 

some of them are more accurate than others. Therefore, I have used data from Kleine Brogel Air 

Base to analyse the other months. 

First of all, I focused on the maximum and minimum values for each month and I divided the 

temperatures in different ranges. After that, I have checked how many hours is the outside 

temperature between each value, in other words, Bin hours’ values tell us during how many hours 

the temperature values were among these ranges.  These are called, bin hours. These steps are 

shown in the figure 76, see below. 
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Figure 76: Example of the temperature ranges. Bin hours’ values 

Apart from that, I have calculated the heating needs that the building has for each range of 

temperature and I also have written down the heat pump’s heating capacity for each range. This 

last one is constant every time. Using these both values, I have been able to calculate the working 

fraction of the heat pump for heating, see equation 30.  

Equation 30: Working fraction equation 
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Figure 77: Example of the working fractions for cooling and heating  

**In the case where the working fraction is bigger than a unit, I have only written down a unit 

value, because it is impossible for the heat pump to work above its capacity, it will work in its 

maximum ability.  

I have done the same to calculate the cooling needs of the building. Nevertheless, in this case, I 

have taken into account the heat losses, as well as, the heating gains; since for cooling, the worst 

case is when there are gains in the building.  

I have obtained the working hours of the heat pump multiplying bin hours with the fraction that I 

have mentioned before, see equation 31 below. 

Equation 31: Working hours equation 

                                              

We can see an example of these calculations in the figure 78. 
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Figure 78: Example of calculations of the working hours 

Later, I summed all the hours of each process of each period, heating and cooling respectively, 

and I divided them with the whole amount of hours of each period summer and winter. In this 

way, I obtained the use of factor of the machine for heating and for cooling. 

3.7.2. Using factor’s calculations results 

 

Table 12: Using factor’s results 

Use of factor: Results 

Heating 0,649 

Cooling 0,113 

3.7.3. Pipes’ resistance calculations 

The formula that is used for these calculations is the next (see equation 32 below): 

Equation 32: Pipe’s resistance calculation 

   
 

    
   (

  

  
) 

  : Outside diameter of the pipe 

  : Inside diameter of the pipe 

  : Conductivity of the pipes 
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Calculation of the outside and inside diameter of the pipe 

These kinds of installations don’t suffer from big pressures. For instance, as my installation would 

be below 90 meters, the pipes would have to face a pressure of 9 bar, in the deepest part. 

Therefore, I knew that a heat pump of 1200kW of needs a diameter of DN125 in the part of the 

heat source that means, in the ground. The heat pumps that I chose, the ones of 500kW also 

needed the same diameter, but the others, needed a littler one (see figure 67). As we would have 

different types of heat pumps, and all of them would create a system which would be able to 

provide 1375kW, I chose a diameter of DN125 for my calculations, as approximation. 

Nevertheless, I ensure that it is suitable with the Reynolds value. In other words, it would be 

better for our installation to have a turbulent flow, due to the fact that in this way, the heat 

transfer would be bigger than in the case off the laminar flow. As we can see in the figure 79, 

there is a bigger contact within the fluid and the ground in the turbulent case than in the laminar. 

 

Figure 79: Example of laminar and turbulent flow 

Therefore, I used the formula of Reynolds in order to know which would be the maximum 

diameter value for our case, so as to have a turbulent flow. For that I used the next formula: 

Equation 33: Reynolds formula for turbulent flow 

   
  ̇

   
      

V   0,041667 m3/s, it is the minimum flow required by the heat pump system that I chose. I took 

this value from the datasheet. 

  is the cinematic viscosity of the water, in our case, at 10ºC. Cinematic viscosity of water at 10ªC 

= 1,306-6 m2/s. 

Replacing the 2300 value in the equation 33, I obtained the maximum diameter to reach turbulent 

flow in the heat exchanger.  

Table 13: Reynolds’ maximum diameter result 

Reynolds, maximum diameter 30,12403908 m 

 

The value that the heat pump’s datasheet gave me was far below from the value of the table, and 

so, it was suitable.   

To choose the thickness of the pipe I have looked on the internet different information [41]. After 

obtaining several data, I chose the next one (see figure 80 below): 
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Figure 80: The thickness of the pipe that I chose 

The reasons of choosing this pipe were first of all, that it suited the needs of the heat pump and 

secondly, that it would be able to face the pressure that I mentioned before. 

Calculation of the outside and inside diameter of the pipe results 

 

Table 14: Diameter of the pipes, outside and inside 

DIAMETER VALUE (m) 

Inside 0,125 

Outside 0,1324 

 

Conductivity of the pipe 

As I mentioned before, the material of the pipe is polyethylene. Therefore, I found its value. 

Conductivity of the pipe result 
Table 15: Pipes’ conductivity result 

Pipe’s conductivity  0,42 W/ mK 
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3.7.4. Pipes’ resistance calculation result 
Table 16: Pipes’ resistance 

3.7.5. Ground’s resistance calculations 

After knowing the working factor, I calculated the ground’s resistance. The ground’s properties 

change during the year, and so, they are not the same in summer and winter. Therefore, I 

calculated the ground’s resistance value for these two different periods. 

For that, I used the next formula: 

Equation 34: Ground’s resistance’s formula 

    
 

    
  (

   

   
) 

Ks: The conductivity of the ground (W/mK) 

α: Thermal diffusivity of the ground (m2/s) 

t: For how long the heat exchanger is working during a year (s). I used t for cooling and t for 

heating. In this way, as I mentioned before, I obtained two different ground’s resistances values 

depending on the period of the year. 

To calculate the next formula (equation 35, see below), I used the website wolfram: [42] 

Equation 35: Exponential integral function 

  ( )  ∫
  

 

 

  

    

r: It is the distance between different pipes.  

Conductivity of the ground 

To calculate this value, I took data from the website that I mentioned before: [10] 

There I focused on the thermal conductivity values of the ground: 

 

Figure 81: Thermal conductivity values of the ground 

Pipes’ resistance  0,021794288 mK/W 
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As I said before, I supposed that our pipes would be 90 meters deep and so, I took into account 

the conductivity values until 90 meters and I calculated an average value. 

 

Figure 82: Thermal conductivity values  

Conductivity of the ground result 
Table 17: Conductivity of the ground result 

Thermal conductivity of the ground until 90 meters 1,936 W/mK 
 

Thermal diffusivity of the ground 

I followed the same steps as with conductivity of the ground. I took the values that I mentioned in 

the figure 83 as basis, and after that, basing on the values which are until 90 meters, I calculated 

an average value.   

 

Figure 83: Thermal diffusivity values  

Thermal diffusivity of the ground result 
Table 18: Thermal diffusivity of the ground result 

Thermal diffusivity of the ground until 90 meters 3,84273E-07 m2/s 

Heat exchanger’s working hours 

To make the calculations of this part, I took into account the same values that I obtained when 

calculating the using factor of the machine, because our installation of 1375kW for heating and 

1235 kW for cooling is new and I can’t search real data. As a result, I bearded in mind the values 

of the year that I made my calculations with and I used them as a basis for our installation. 

Therefore, I added all the working hours of heating and the same did with the working hours of 

cooling. 
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Heat exchanger’s working hours results 
Table 19: Heat exchanger’s working hours results 

Working hours Results (s) 

Heating 10163384 

Cooling 1797011 
 

Exponential integral function  

I based all my calculations, first of all, calculating the x factor; which is the next: 

Equation 36: Formula to calculate the x 

  (
   

   
) 

 

Equation 37: Exponential integral function 

  ( )  ∫
  

 

 

  

    

Distance between different pipes 

To calculate this part, I used the “mirror method”. As I chose the vertical system option, the pipes 

are located between 80-100 meters usually, and so, I took 90 meters value below the ground. 

Then, I place imaginary pipes in parallel from those real ones. This is better explained in the figure 

84. They are 90 meters above the ground, too. Later, each distance between each couple of pipes 

it is measured. Using these values, different ground’s resistances are obtained.  

Finally, the overall result is obtained adding each real pipe’s thermal resistance value and 

deducting the values of the imaginary pipe’s values. The result is divided with the quantity of the 

real pipes. A visual example of the “mirror method” is the next, see picture 84 below. 

 

Figure 84: Explanation of the pipe’s method 

1 2 

3 
4 
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As I mentioned before, the pipes would be 90 meters below the ground’s surface. Therefore, the 

value of D would be 180 meters. Besides, as our installation would be a vertical one, we would 

have to leave 6 meters between the pipes. So, the value of B would be 6 meters. 

3.7.6. Ground’s resistance calculations results 

As a result, taking that we had two vertical U pipes, these are the calculations I made (figure 85). 

There appear all the results of each step. 

 

Figure 85: Calculations of the ground’s resistance   

 

Table 20: Ground resistance’s value results 

Period Ground resistance’s value (mK/W) 
 

Winter 0,256878 

Summer 0,184457 

 

3.8.  Characteristics of the heat exchanger results 
As I have mentioned a lot of data and calculations in this process, I will review again the equation 

38 and 39 below and I will show the values that I used in the formula in one table (table 21). 

Equation 38: Length of the heat exchanger for heating 

          
 ̇        

     

   
 (             )

              
 

Equation 39: Length of the heat exchanger for cooling 

          
 ̇        

     

   
 (             )
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Table 21: The values I used to obtained the results 

 ̇         Heating needs of the building (W) 1369779,985  

     Heat pump’s heating performance 5,025  

   : Heat pump’s cooling performance 4,17 

      : Ground’s minimum temperature (K) 283,701 

      : Ground’s maximum temperature (K) 283,701 

       : Heat pump’s minimum temperature (K) 268 

       : Heat pump’s maximum temperature (K) 298 

     Pipes’ resistance (mK/W) 0,021794288 

  : Ground’s resistance (mK/W) Rs_summer 0,18445724 
Rs_winter 0,25687784 

        : Heat pump’s using factor for heating 0,649899251 

        : Heat pump’s using factor for cooling 0,11365433 

 ̇         The cooling needs of the building (W) 232,26 

 

The results are shown in the next table 22: 

Table 22: Length of the heat exchanger values 

Period Length of the heat exchanger 

Winter (Heating) 13189,12773 m 

Summer (Cooling) 0,861085049 m 

 

The conclusions that I have obtained are the next, table 23: 

 

Table 23: Conclusions about the results obtained 

Quantity of U  Length of each U (m) Depth of the holes (m) 

2 6594,563866 3297,281933 

10 1318,912773 659,4563866 

74 180  90 

55 240 120 

 

I chose make deeper holes in order to have less U heat exchanger quantity, due to the fact that as 

a result, we would have to need less area for our installation. This is because, as I mentioned 

before, we have to leave 6 meters between different heat exchangers. So, the area of each heat 

exchanger is the next (equation 40): 

Equation 40: Area of each heat exchanger U block 

            (               )  

Taking this into account I concluded the next (see table 24): 
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Table 24: Area of the heat exchanger system 

U quantity Area m2 

1 118,08 

74 8738,2067 

55 6494,61 

 

Therefore, I chose that our system would need 55 holes of a depth of 120 meters. The area that it 

would need would be 6494,61 m2  and the total length of the pipes would be around 13189,12773 

m. 

The pipe’s depth would change and so, their diameter value, ground’s thermal conductivity and 

thermal diffusivity, too; due to the fact that all my calculations were made for a whole of 90 m.  

Therefore, to ensure my result, I made the calculations again, following the same process and 

taking into account a depth of 120 m. In this case the pipes would have to face a pressure of 12 

bar, in the deepest part. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The values that had been changed are highlighted with yellow colour in the table 25.  

 

 

 

Figure 86: Choice of the pipe in red circle 
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Table 25: The values I used to obtained the results 

 

Table 26: The results I obtained 

Depth of each U m Length of each U m U quantity = hole quantity Total area m2 

120 240 56 6612,697025 

 

Therefore, as it is listed in the table 26, the installation would have 56 holes where 120 U heat 

exchangers would be placed. Each exchanger would be 240 meters long and the total area they 

would take would be 6612,697025 square meters.  

3.9.  Economic and environmental analysis 
Mr. Roger Vrancken provided me some data of the consumption of the heating system of the 

building. These figures were from 2011, 2012 and 2013. At that time, there were 3 kettles and 

they produced heat for the building, but also warm water for the kitchen. There wasn’t any data 

calculated separately from the consumption of warm water. 

Therefore, I took the next figures into account and I made some approximations: 

 ̇         Heating needs of the building (W) 1369779,985  

     Heat pump’s heating performance 5,025  

   : Heat pump’s cooling performance 4,17 

      : Ground’s minimum temperature (K) 283,701 

      : Ground’s maximum temperature (K) 283,701 

       : Heat pump’s minimum temperature (K) 268 

       : Heat pump’s maximum temperature (K) 298 

Ground’s thermal conductivity W/mK 1,95 

Ground’s thermal diffusivity m2/s 3,765E-07 

Outside diameter of the pipe m 0,1342  

     Pipes’ resistance (mK/W) 0,026911 

  : Ground’s resistance (mK/W) Rs_summer 0,181267185 
Rs_winter 0,252989431 

        : Heat pump’s using factor for heating 0,649899251 

        : Heat pump’s using factor for cooling 0,11365433 

 ̇         The cooling needs of the building (W) 232,26 
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Figure 87: Gas consumption values of 2011, 2012 and 2013 

As we can see in the figure 87, there is written the gas consumption of each month. A point to 

mention is that in July or August, for instance, there wasn’t a heating need, neither the need of 

warm water. However, it is clear in the figure 87 that the system still continued working and 

consuming GAS even if there wasn’t a demand for that. I made the next approximations for my 

calculations: 

 I took into account the values between May and September to calculate the warm waters’ 

average heating needs (kWh and m3 gas), because in this period the building would have 

been full of people and the kitchen would have worked in their common rates. Besides, 

the heating needs wouldn’t have almost existed. 

 I erase this average value to the monthly consumption values (kWh and m3 gas). 

 I added all the heating consumption values of each year. 

 After that, I calculated an average year consumption value; in the case of 2013, as I didn’t 

have the values of the whole year, I didn’t take it into account for this calculation. 

The results of my approximations are listed in the next table 27: 

Table 27: Annual average kWh and m
3
 consumption values 

AVERAGE VALUE 

Warm water’s average heating needs kWh 43032,2 

2011, annual kWh consumption for heating  491584,6 

2012, annual kWh consumption for heating  658517,4 

Average annual kWh consumption for heating  575051 

Warm water’s average heating needs m3 4007 

2011, annual m3 consumption for heating  45769 

2012, annual m3 consumption for heating  61313 

Average annual m3 consumption for heating 53541 
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Taking the worst case for my calculations, the installation’s efficiency was %100 that means the 

average kWh consumption and consequently, the m3 quantity would be the real energy needs of 

the building. In the table 28 below are shown these values. 

Table 28: Annual average kWh and m
3
 consumption values 

AVERAGE ANNUAL VALUE 

kWh consumption = energy needs 674594,5333 

m3 consumption GAS 62811,83333 

 

If there would be installed the geothermal system with a COP of 5,025, the electricity 

consumption would be the next (see table29): 

Table 29: Annual average kWh and m
3
 consumption values with geothermal installation 

AVERAGE ANNUAL VALUE 

kWh energy heating needs 674594,5333 

kWh consumption of energy            

     
           

 

Therefore, PXL-Tech would save the next values annually: 

Table 30: Annual savings at PXL-Tech 

ANNUAL SAVINGS VALUES 

kWh consumption 674594,5333 - 134247.66 = 540346.865 

m3 consumption GAS 62811,83333 

 

At the same time, it would earn the next electricity consumption: 134247.66 kWh. 

Nonetheless, I discussed these approximations with my tutors and Mr. Win Vandormael 

suggested me to only take the data of 2012 into account, which would have been more accurate, 

because he had checked the number of degree-days for 2011 and 2012, which had revealed that 

2011 had been 15% warmer than an average year and that 2012 had been quite normal.  

Therefore, the gas consumption for tap-water in winter would be an average of 4000m³ per 

month. The entire gas consumption between May and September was due to the heating of the 

boiler. Taking this into account I obtained the next results (see figure 88): 

 

Figure 88: Annual GAS m
3
 consumption, for heating and warm tap-water 

As we can see in these values, they are considerably huge for warm water. This is because that 

time the boiler didn’t stop any time in the year. So, when there wasn’t even a real need, it used to 

continue working and consuming energy. It supposed the %42 of the total GAS consumption of 

the year, which, for us, is really huge and probably, it is not that accurate. Even though, it is what 

the data say.  
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This reflects the issue with the boiler at that period the building had.  

In addition to this, he told me the kitchen of the school was not operational in the first 2 weeks of 

September, but during the winter period there would have been another 6 weeks where the 

kitchen would have been closed (e.g. Christmas – Eastern), too.  

Therefore, the GAS consumption for warm water would have been lower. Just for an 

approximation we decided to take the next values into account. 

 

Figure 89: Annual GAS m
3
 consumption, for heating and warm tap-water 

So, making a calculation between the old installation and this new one, I obtained the next: 

Table 31: The energy the geothermal system would consume and would produce 

AVERAGE ANNUAL VALUE 

kWh energy needs 754846,7683 

kWh consumption of electricity            

     
             

To obtain the electricity and gas prices I checked the next website: [43] 

The electricity prices in Belgium from 2012 to 2014 were the next, see figure 90 below: 

 

 

 

 

 

 

 

It is said there that, the price for electricity in 2014 was: 

 Electricity price 0.108 €/kWh 

For the GAS price, I took the price that is mentioned in the book AUDIT “PXL Gebouw H” as a 

value of 2012. 

 Gas price 0.05 €/kWh 

Nevertheless, the system’s real efficiency was not 100%, and so, the real energy needs of the 

building would have been lower. Therefore, I took its efficiency also into account, to be more 

accurate. 

The efficiency value was 94.78%. This value was taken also from the book AUDIT “PXL Gebouw H” 

as a value of 2012. 

Figure 90: Gas prices for Belgium from 2012 until 2014 
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In short, the factors I calculated were the next: 

 Economic savings in € and in percentage value. 

 Environmental savings in €, in percentage value and also, in the amount of trees that we 

would save. This was made to have more visual information. 

For calculating that, I took the values from the subject “Introduction to Renewable energy” [44]of 

the University of the Basque Country. 

The kettles use Natural Gas. It is composed by a gas mixture, and the main element is Methane 

which takes the biggest part, around 90%.  This is better explained in the next figure 91. 

 

Figure 91: Composition of Natural Gas 

Therefore, the most important part is the Methane’s chemical reaction. Its range in moles is much 

higher than all the other components, and I took into account just its process for my calculations.    

The natural gas’s chemical reaction is the next: 

Equation 41: Gas natural chemical reaction 

CH4 + 202  CO2 + 2H2O + Energy 

After doing stoichiometric analysis and process, it is obtained that we need 64 grams of oxygen to 

burn sixteen grams of methane, using four grams of hydrogen.  

This means that we would have to have four times more oxygen than methane for producing 

energy from methane. 

Therefore, I calculated how many grams of Gas the building needs in a year, and basing on that, I 

calculated how many oxygen it needs and consequently, how many trees it burned per year.  
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Commonly, the Gas consumption of a building is measured in 15ºC and 1013 mbar. Therefore, I 

took into account the Gas’s density in these values which is 0,712 kg/m3.   

 

Figure 92: Annual Gas consumption 

In the figure 92 is shown how many grams of Gas are used per year to fulfill the energy needs. 

Then, I took the Ideal Gas Law, which unlike the other gas laws; it doesn’t have an initial and final 

state. Therefore, it doesn’t need the situation to change to determine a value for Pressure, 

Volume, amount of gas or Temperature.  

Equation 42: Ideal Gas Law formula 

          

P: Pressure (atm) 

V: Volume (l) 

n: Amount of gas (g/mol) 

R: Constant value 0.082 
     

      
 

T: Temperature (K) 

As it is said in the book [44] “Introduction to Renewable Energy” of the University of the Basque 

Country, in average, one square meter of leaf of a tree releases an average of 3 liters per hour 

when it is able to catch sun energy. 

 

Figure 93: The values that I have used in 

We can see in the figure 93, I used the Standard Pressure value which is 1 atm and I took the 

average air temperature of the year of Diepenbeek.  I obtained that, a leaf of Diepenbeek in 

average, releases 4,12 grams of oxygen per square meter and per hour when it’s able to catch 

sun.   

We have analysed in the figure 7 the solar chart of PXL-Tech. From there, I obtained the average 

sun hours of the PXL-Tech building. The average value is around 12 sun hours per day. 
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Figure 94: Oxygen results per year and per leaf square meter 

As a result, in the figure 94 is shown that a leaf of 1 m2 which is in Diepenbeek releases an average 

of 18074,744 g/m2 per year. 

Apart from that, I took the next data, see picture 95, from the subject [22] Energy Efficiency of 

University of the Basque Country (UPV/EHU) where the lecturers are Mr. Aitor Urresti and Álvaro 

Campos. These values were taken from the “Well to tank Report, version 4.0” of the Joint 

Research Institute. 

 

Figure 95: CO2 releases per kWh 

To make clear my values and results I will explain them step by step. 

 

Figure 96: Average energy and money consumption (GAS, old installation) 

In the figure 96 are listed the energy consumption values of the building if there wasn’t done any 

change in the installation. 

Nonetheless, this installation had not an efficiency of 100% and so, the system had to consume a 

bigger amount of energy to provide these values.  

There is shown also, the average amount of money per year that PXL-Tech pays for its heating 

needs. At the same time, appears the CO2 releasing amount per year in gram units.  

 

Figure 97: Real energy needs of the building 
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The figure 97 shows the value of efficiency which is 0,9478 and consequently, the values of the 

real energy needs of the building which are lower than the values of figure 96. 

 

Figure 98: New installation values 

The figure 98 presents, the electricity consumption values of the geothermal system. We can see 

that the energy consumption value is much lower than the picture 96. In terms of the released 

C02, it is clear that the new system would be environmentally friendlier.  

Nevertheless, in order to say exactly if the new system is worth it, more aspects must be taken 

into account, such as, the Payback. 

o Payback: It shows how many years have to pass so as to recover all the invested money 

and normally, it is lower than the payback complex which takes into account the time 

value for money. 

The investment to be done would be the next, see picture 99 below. It would depend on the 

material used. I took into account that the drilling including the filler material would cost around 

42€ per meter.  

I looked for information about the subsidies, [45], [46], [47], [48], [49] too. However, all the 

calculations are done for the worst economical case in terms of grants, due to the fact that they 

are changed and moreover, I didn’t found related data for this project. 

 

Figure 99: Investment values 

3.10. Economic and environmental analysis results 

 

Figure 100: Economic and environmental results 

In the picture 100 are shown the results of the economic and environmental analysis and the 

picture 101 (see below) displays the amount of trees that the PXL-Tech current heating consumes. 
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Figure 101: Amount of trees consumed per year 

3.11. Cogeneration technologies - Introduction 
Cogeneration is a system known because of its high efficiency, owing to the fact that it produces 

heating energy and electricity at the same time from a single source.  

It is used in any kind of processes where there is heating need, due to the fact that the consumer 

can use the electricity but if there is no need for it, there is always the possibility to get money 

introducing it to the grid. It would depend on each place’s policies if the owner would be able to 

earn money in every case.  

There are plenty of different technologies [50] [51] [52] for cogeneration, these are the main 

ones: 

o Fuel cells 

 PEMFC: Proton Exchange Membrane Fuel Cell 

 DMFC : Direct Methanol Fuel Cell 

 AFC : Alkaline Fuel Cell 

 PAFC : Phosporic Acid Fuel Cell 

 SOFC : Solid Oxide Fuel Cell 

 MCFC : Molten Carbonate Fuel Cell 

 Regenerative Fuel Cell 

o Stirling motors 

o Gas micro turbines 

o The internal combustion engine 

 Otto-cycle 

 Diesel-cycle 

 Rotary-engine 

4. Conclusions 

In this project, I have obtained several data which have helped me to answer if a geothermal 

energy system would be viable or not for PXL-Tech building. 

The new installation would cause a considerable saving to PXL-Tech, in both, environmental and 

economic aspect. It would be able to save 22365,64 € per year (40,74 %) and it would release 1,33 

x 10 8 g CO2 less per year (29,86%). 

Moreover, if the electricity that the heat pumps consume was produced using renewable energy, 

such as, wind energy, PXL-Tech would save in average, 525 trees per year.  

 Nevertheless, the investment that would have to be done is large. In addition to this, the current 

system has a good efficiency value, around %95 and as a result, the savings would not be that 

enormous. 
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In consequence, there is a fact presented in the picture 100 related to the payback. The most 

suitable payback would be the second one, which bears in mind the price of the heat pumps, the 

price of the pipes and the price of the drilling process with their filler materials. The main reason 

would be that PXL-Tech would not have a necessity of changing all the radiators either the heating 

system in general, at first sight. 

Therefore, the payback would be 32 years which would be long; firstly, because the heat pumps 

have an estimated life of 20 years without problems, and secondly, because the heat exchangers 

work properly for 50 years or so. As a result, the payback value is not very attractive. In addition 

to this, if I took into account the time value for money, the payback value would be even higher.  

Apart from that, the room to place the heat pumps would be very suitable, replacing the current 

kettles. However, the heat exchanger would need an area of 6612,70 m2 and the available space 

that I mentioned at first, would be 4555, 0885 m2. As a result, there would have to take more area 

from the east side of the building.  

I would like to mention that all my calculations were done without taking into account any 

subsidy, owing to the fact that I haven’t found any kind of financial help for this kind of 

installation. As a result, all my economical calculations were done for the worst case.  

However, if in the school would be in the future able to get any kind of grant, the economical 

results would be lower.  

In conclusion, bearing in mind the current data, I can say that the geothermal installation at PXL-

Tech is not viable because of reasons mentioned before. The main reason would be the payback 

value. Consequently, I can say that my hypothesis was wrong. On one hand, it was right because 

the savings would be important but, as the investment would be considerable, the economical 

return would take long. 

I would like to finish my project suggesting studying the cogeneration technologies mentioned 

before. There are plenty of choices, and the most suitable for PXL-Tech would be the one which 

was the most respectful with environment and which was able to give sustainable economic 

results. 
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Attachments 

1. Matlab file 
function [  ] = AIRVALUE(  ) 
%menu errepikakorra 
auk=0; 
k=0; 
j=0; 
u=0; 
h=0; 
i=0; 
area=0; 
chairs=0; 
aukera=0; 
kont=0; 
k=0; 
p=0; 

  
while (auk~=1) 

     
    while (aukera~=1&aukera~=2&aukera~=3&aukera~=4 ) 

     
    disp ('Welcome.') 
    disp('Choose the type of the room that you want to do the 

calculations for from the next list:') 
    disp('1 if it is intended for human occupancy (e.g. classrooms, 

common laboratories, restaurant, kitchen, common storages, offices 

etc.') 
    disp('2 if it is a corridor, hall or WC') 
    disp('3 if it is a special room where special components are used 

(e.g. chemical products)') 
    disp ('4 if you want to end the programme') 
    aukera=input('Insert your choice: '); 
    end 

     
    while (aukera~=1&aukera~=2&aukera~=3&aukera~=4 ) 
        disp ('Please insert any letter or number different to 1, 2 

and 3 if you want to end the programme or insert well your choice') 
        aukera=input('Insert your choose: '); 
    end 
    if (aukera==4) 
        auk=1; 
    end 
    while (aukera~=4 & k<1 & auk~=1 ) 

         
        switch (aukera) 

         
        case 1 
            o=0; 
            aux=0; 
            chairs=input('Insert the number of chairs '); 
            area=input('Insert the area of the room in m2 '); 
            k=input('Insert the value of the table '); 
            z=area/k; 
            if(z>chairs) 
                j=z; 
            end 
            if(z<chairs||z==chairs) 
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                j=chairs; 
            end 
            u=j*22; 

            
            disp('Insert 1 if in the room there is an employee. Insert 

any letter or number different to 1 if there is no employee in the 

room') ; 
            iep=input('Insert your choice:  '); 

             
                if (iep==1) 
                    h=30*chairs; 
                    if(u>h) 
                     i=u; 
                    end 
                    if(u<h||u==h) 
                     i=h; 
                    end 
                else 
                    i=u; 
                end 
        disp('The air value for this room is the next: ') 
        disp(i) 
        p=input('How many rooms are with the same characteristiques? 

') 
        i=p*i; 
        disp('The air value for all the quantity of the same room is 

the next: ') 
        disp(i) 
        kont=kont+i; 
        k=3; 
        case 2 
            bai=0; 
            az=0; 
            azz=0; 
            disp('Is it a WC?') 
            bai=input('Insert 1 if it is a WC and insert any letter or 

number different to 1 if it is not: '); 

             
            if(bai==1) 
                batte=0; 
                az=0; 
                disp('Do you know the number of WCs? ') 

                batte=input('Insert 1 if you know and insert any letter 

or number different to 1 if you do not know: '); 

                  
                if(batte==1) 
                    kum= input('Insert the number or WCs '); 
                    i=kum*25; 
                    kont=kont+i; 
                    disp('The air value for this room in cubic meter per 

hour is the next: ') 
                    disp(i) 
                else 
                    az=input('Insert the area of the WC '); 
                    i=az*15; 
                    kont=kont+i; 
                    disp('The air value for this area in cubic meter per 

hour is the next: ') 
                    disp(i) 
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                end 
            else 
                azz=input('Insert the area of the room '); 
                i=azz*1.3; 
                kont=kont+i; 
                disp('The air value for this room in cubic meter per hour 

is the next: ') 
                disp(i) 
            end 
            k=3; 
        case 3 
            k=3; 
        end 

                         

             
        em=kont/3600; 
        disp('The total result of the air quantity in m3/h is the next:') 
        disp(kont) 
        disp('The total result of the air quantity in m3/s is the next:') 
        disp(em) 
        auk=input('Have you finished? If you want to end insert 1');    
    end 

     
aukera=0; 
k=0; 
end 

  

 

 

 

 

 

 

 

 

 

 

 

 

 


