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i. Summary
Title: Sustainable energy reduction, production and management at PXL-Tech
Project Researcher: Amaia Larrafiaga 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 | 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 Miiller in 13" 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, | 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, | 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, | 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, | am going to analyse all the positive aspects of this system, as well as, the negative ones
and | 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, | prepared all the information for the PV system so as to keep abreast of the situation
of the building.

| 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: 50.9277672 and Longitude: 5.384941°9

2. Irradiation angle.
| chose the Irradiation angle: 02, due to the fact that | 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).

Solar radiation database used | Optimal inclination angle Hopt average year (Wh/m?/day)
PVGIS-classic 349 2960
PVGIS-CMSAF 36° 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, | determined to take into account the PVGIS-classic method. As a
result, the optimal inclination angle for PXL-Tech is 34 2. Consequently, the angle that our PV
should have is 349,
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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 02 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.
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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.
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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 (202C) (see figure 5) taken from [2].
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Power-Voltage Curves
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Figure 5: Temperature vs. Power obtained from PV

Sun energy results
Once making all the analysis, | continued looking for information, but in this case, the orientation
that | took was 342C, that means, the optimal one.

Irradiation on optimally inclined plane
(Wh/m2/day)

6000
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1000 -
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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 (349).

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 | mentioned before, either the temperature or other factors will
affect the production system and so, maybe some facts that | mentioned in this paragraph will
vary.

Solar chart
After all the examinations, | continued finding our building’s solar chart. | checked the website
mentioned below for that: [3]

Firstly, | entered the same latitude and longitude. After that, | 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.

(¢} Univ. of Oregon SRML SOUTH Estimated annual AC output:
Sponsor: BPA

Lat: 50.93; Leng: 538
{ Standard ) time zone: 1 A
PXL—Tech & <p
— T
Dec 21 pEE—— — Dec 21
Jan 21 ] Jan 21
— @
& 1\ )
Feb 20 R Feb 20
11 ——
[ /1 ] NN
/ ] / { - \16B ! \ \ |
l | ||l - \ || | |
E T | | T | T | T I T I T . T T T I[ T IJ T rl T rll.?P ; f 'I T E
Mar 20 & | [ L |I |I . 7l ] .' | | I © Mar 20
} | \ \ _ { Ill |'1
' \ 80 Foo ) PR\
\ h B ! /
\ -
\ 70
7 Shl
h “Teo
Apr 20 - Apr 20
| o
% h T— Oéd
i 40
May 21 e— I May 21
30
Jun 21 — 7 - Jun 21
=
— E
O 10 o

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 facade 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, | 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
H = (902 — latitude) — 23,52
As in our case the latitude is 50.9277679, the height (H) will be 39.0722¢.

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

Equation 2: Minimum distance between different PV

sinf )

dmin = | x(
min cosf + p——

B is the our PV inclination angle, in our case it is 342.
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[ is the length of our PV. | 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, | 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, | did not get data enough from this source. Therefore | check the next websites: [4] [5]

(6] [7]

But, after, Mr. Vanheusden recommended me to check the next website where | could find
deeper data. [8]

This webpage seemed to be reliable. | took data from different stations and the closest stations
from our building were Kleine Brogel Air Base, Schaffen Airfield (Diest, Belgium) and Maastricht
Airport.
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Figure 9: Distance between PXL-Tech and Maastricht Airport 26,7 km
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Figure 11: Distance between PXL-Tech and Schaffen Airfield (Diest, Belgium) 24 km

With each station mentioned in figure 9, 10 and 11, | checked the annual data of 2010, 2011,
2012, 2013 and 2014; and | chose the worst case, that means, the biggest wind speed value.

To start with, | 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, | break down figures of Maastricht Airport.
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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 28" of February 2010.
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Finally, | consulted the records of Schaffen Airfield (Diest, Belgium) (see figure 14).
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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, | 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, | checked Kleine Brogel Air Base (Kleine Brogel, Belgium) data (figure 15).

Wind Directions Over the Entire Year

26%
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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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Wind Directions Over the Entire Year

17%
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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:

Wind Directions Over the Entire Year

209%

M MNE E SE 3 SW W MW

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. |
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.

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

| 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.
| obtained the wind data of PXL- Tech building using the next programme: Weather Link 6.0.3 exe
[9]. With this software, | was able to see the data that our weather station had measured.

Then, | compared our building’s figures with Schaffen Airfield (Diest, Belgium), Maastricht
Airport’s data and Kleine Brogel Air Base’s data.

Later, | took into account these values and | 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, | estimated the absolute error that existed
between the values obtained from the general station and our building’s weather meter. To did
that, | used the next equation (equation 3):

Equation 3: Absolute error
E =xi—xt
E : Absolute error
Xi : Measured value
Xt : True value

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

Equation 4: Relative error

E
Er =— x 100
xt

Er : Relative error

After that, | represented them in a graphic using excel. | also calculated the average relative error
for each station.

In this part, | show the results that | obtained after analysing the different figures of the weather
stations (see figure 18):
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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).

m Kleine Brogel Air Base

B Schaffen Airfield [Diest, Belgium)
o Maastricht Airport

amlipmlpm 2pm 2am 2am 4am

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

350

M Kleine Brogel Air Base
m Schaffen Airfield (Diest, Belgium)

B Maastricht Airport

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.

Kleine Brogel Air Base

PXL-Tech
E: absolute error E Er
Er: relative error Xl _n‘t Eavg Eravg %
26/02/2015 10a.m 31 46 6,2 31 0 15 31 0 483871 100
1lam 31 51 57 3,6 -05 15 21 -13,8889 41,6667 58,3333
12pm 46 51 77 4 06 11 37 15 275 925
1p.m 46 57 6,7 3,6 1 21 31 27,7778 583333 861111
2p.m 41 57 77 31 1 26 46 32,2581 B3,B71 148387
27/02/2015 2 a.m 46 6,2 6,7 36 1 16 31 77778 722227 861111
3a.m 46 51 77 22 24 29 55 109,091 131,818 250
4am 6 41 72 18 08 23 54 434444 127778 300
Sam 21 46 57 27 -0,6 19 3 -22,2222 70,3704 111111
fa.m 31 51 26 31 0 2 0,5 0 645161 -16,129

os7[ 205 a3 0038

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, | 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, | 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, | 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
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| 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):

Hydrogeologie
HCOV-data aangeleverd door VMM Interpretatie WTCE

Maam HCOV-eenheid dikte | diepte type Amin | kgem

(m) {m) (W/mi) | (W/mK)
Alluviale deklagen 4.4 4.4 | zandh. klei 1.4 1.7
Deklagen (dekzanden) 27 71 zand 1.9 23
Pleistoceen van de riviervalleien 1.6 87 zand 19 23
Zand van Eigenbilzen 0.4 9.1 | kleih. zand 1.8 2.1
Boom Aguitard 223 N4 klei 1.2 1.5
Zand van Kemiel 30 4.4 zand 1.9 23
Klei van Kleine-Spouwen 1.3 357 | zandh. klei 1.4 1.7
Ruisbroek-Berg Aquifer T8 43.4 kleih. zand 1.8 21
Tongeren Agquitard 43 477 klei 1.2 1.5
Oligoceen Aquifersysteem 17.0 64.7 kleih. zand 1.8 2.1
Landeniaan en Heersiaan Aquitard 468 1116 zandh. klei 1.4 1.7
Heersiaan en Opglabbeek Aquifersysteem 31.8 | 1434 | kleih. zand 1.8 2.1
Krijt Agquifar 156.6 | 300.0 tufkrijt 2.3 23

De gealogische opbouw wordt weengegeven ot een maximale diepte van 300m. Deze opbouw is een

interpretatie van onvolledige data_ Alle gegevens dienen steeds te worden bevestigd door verder mdﬁznd@

Op basis van het HCOV-model (hittp://dov.vlaanderen be)
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.

Once | knew the ground’s physical and conductivity characteristics, | had to find its thermal
characteristics.

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

-z /L 21 z |365
T =T —A 365a t—t0—=
(z,t) m-—Ase cos [_365 Ar

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

a : the soil thermal diffusivity

| 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, | 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, | 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 | should have replaced in the formula, | calculated the annual
average air temperature. For that, different sources were consulted. Then, | 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, | calculated the average annual air temperature.

ANNUAL AVERAGE AIR TEMPERATURE VALUE
In order to obtain the average temperature value, | took into account all values of the table and |
calculated the medium figure. The result is marked in yellow colour (see figure 24).

Average high tenperature (2C) b 7 11 1 19 yil 3 Pk 19 15 § 6
Average low tenperature (C) 1 2 4 5 § il 14 1 il 8 4 1
|Average Temperature Tm | 10,70833

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.

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

**For clay, | 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, | calculated the average value of the
thermal diffusivity which is 0,391 (m?®/s) (x10°). After that, | 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 Amin (W/mk) Aaverage (W/mk) Thermal diffusivity
(m%/s) (x10°°)

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, | calculated the change of the temperature, in other words, its amplitude. For that, |
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):
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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):

Daily High and Low Temperature
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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

Tmax — Tmin

As =
2
If we check picture 25, 26 and 27 the value of the maximum temperature is around 249C.

If we see picture 25, 26 and 27 the value of the minimum temperature is around 02C.

Tmax — Tmin 24 -0
As = > = > = 12°C

To value
Another value that | had to replace in the formula was To. It depended on the properties of the
ground, it was around 252C and 452C usually, and | took the value of 352C as approximation.
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Source’s thermal characteristics result

GROUND TEMPERATURE AT PXL-TECH DEPENDING ON THE DAY OF THE YEAR AND THE DEPTH
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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, | 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.

t[day of the vearl  zlm) b3 3 10 il 12 13
1 1050572554 10587 10634 10663 10651 10,632
27 10,4523773 055 106N WEdE 06T 10655
53 1044544734 10545 10B06 10645 10663 10,684
K= 10.4303055 0571 10,622 10654 10,674 10.65T
105 057811345 10625 10655 10674 10,686 10,634
13 0,63157374 10,692 10633 10700 10,703 10,705
157 10,80833437 10,768 10743 10,723 10,721 10,715
183 10,30533547 10823 10,782 10,753 10,736 10,725
203 10,36363456 10866 10806 10,7658 10,745 10,731
235 10,97157325 10,872 081 0,772 10,748 10,733
261 1092766453 10846 10,735 10,763 10,743 10,73
287 10,54054143 10,733 10763 10,743 073 10722
313 0727373 10723 W73 10VE 10714 10,712 101N
39 10610453514 0ES 0674 W63 W0E36 10,701 10,704
365 105128173 105583 10635 10664 10631 10632 10,633

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 2C 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 | have seen when | 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 10.79C 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
| saw in the primary research.

Therefore, | conclude that my calculations are well done.

3.3. Heat gains and heat losses balance

After knowing the characteristics of the ground, | started with the main calculations. | collected all
data in order to make the balance between the heat gains and the heat losses of the building.

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

e Transmission
e Ventilation
e Infiltration

fresh air and leaks
2010 25%

roof
2510 30%

windows
1010 15%
walls

2010 25%

low-floors

thermal bridges
R 7 10 10%

5t 10%
Figure 30: Heat losses of a building
Our building has two different periods of heat losses:

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

e Summer. The other half of the year, our building earns heat, which means a loss
too, because energy enters to the building.

Ti: | 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
| 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 19eC
April-September 232C

These are the temperature values that | 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, | analysed the historical temperature
data from the next webpage: [12]

| calculated an average temperature taking into account the mean low temperature values for the
period between October-March and at the same time; | estimated an average temperature taking
into account the mean high temperature values for the period between April-September (see
figure 31).

Ti2C To2C
October-March 21 3,333333'
April-September 23] 19,83333]
To October-March a3 4 1 1 2 4 3,333333
To April-September 14 19 21 23 23 19 19,83333

Figure 31: Ti and To values for each period

Transmission heat losses
It is the heat loosed through the walls.

Sustainable energy reduction, production and management at PXL-Tech. Geothermal Energy
Amaia Larraiiaga Arregui
Page 40



N \_ —

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, | followed the next equation (equation
7):

Equation 7: Transmission heat losses
Qtrans = UA(Ti — To)
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, | 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

QtransTotal = Qtransroof + Qtransground + QtransSurroundingWalls
+ QtransWindowsGlasses

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

Datos de temperatura dal terreno a una profundidad de
20cm, 4 datos/diaalas o, 6,12 v18h.

Figure 33: “Ahorro y Eficiencia Energética en Climatizacion” [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, | used the excel program, the same formula that | showed before when analysing
the surrounding ground. | calculated every day’s ground temperature values for 20cm far from
the ground.

Then, | 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.

Tground average winter 47309 =C
Tground average summer 16,7186 &C

Figure 34: Results of ground’s temperature

Thermal transmittance

Equation 9: Thermal Transmittance

1
U =—(W/m?K)
R
Equation 10: Thermal Resistance

thickness of each material

= ZK/W
thermal conductivity of each material (m”K/W)

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 | should have known the thermal resistance value. For that, |
should have checked the thickness of each material and the thermal conductivity too. First of all, |
collected data about the layers that the walls, roof, glass and ground are made with. | used the
next design that Mr. Roger Vrancken gave me.
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Figure 35: Example walls’ composition

Taking this picture (see figure 35) as an example of what | did, we can see that the data is written
in Dutch and to have clearer information, | used either the translator or my colleagues’ and tutors
explanations. Basing on this information, | looked for these materials’ thermal conductivity. The
model of the materials or the producing year was not written in the designs; as a result, | 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.

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

N

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

Tabla E.1 Resistencias térmicas superficiales de cerramientos en contacto con el aire exterior en m’KIW

Posicion del cerramiento y sentido del flujo de calor Rse Rsi

Cerramientos verticales o con pen-

diente sobre la horizontal >60° y flujo 0,04 0,13
horizontal

Cerramientos horizontales o con

pendiente sobre la horizontal <60° y 0,04 0,10
flujo ascendente

Cerramientos horizontales y flujo 0.04 017

descendente

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, | 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 | obtained. | 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 warmegedammten Metall-oder
Betonprofilen, wenn der Warmedurchgangskoeffizient des Rahmens mit 2,0< ki < 2,8 W/(m’K)
aufgrund von Priifzeugnissen 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< kg < 2,8 W/(m?K), 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/m?K, and so | didn’t take into
account the values of the table that | mentioned above.
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Thermal transmittance results:

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

O

@)

Roof
Thermal Resistance:
Material Thizkress plan [cm) Thickress Realitu[m)
Stores 14
Slab elastomer 0.4
Celular glass 1.2
Eeton wit 2
Ground

Thermal Resistance:

Materizl Thickness plan [zm) Thickness Feality (m)]
Haollow coare slabs 28
Slab elastomer 0z
Concrete 2.8

Surrounding walls

Thermal Resistance:

Material Thickness plan [am] Thickness Reality [m)
Madular brick 1.8
Sandwich panel 0.7
ol 1.6
Madular brick 3T
Slab elastomer 0.2

Windows and Glasses

Thermal Resistance: 2,7 W /m?K

Surrounding area

In order to calculate the value of the area where the heat is lost, | 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

Canductivity [smk]

007 3

0.0z 0.09

0.06 0.041

01 033
L (heftmizk)

Conductivity [wimk]
0,14
0.0
0,14

Conductivity [w'fmk]

Thermal Fesistance (m2k ]

0.3

0,03
0,38

003 03
0035 0.0zz
0.08 0.07
0,185 045
om 0.03

Ulwftmak]

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

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

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

Surrounding area result

o

[¢]

[e]

Roof: 4563,598 m’

Ground: 4563,598 m?

Surrounding walls: 3437, 526 m?
Windows and Glasses: 1519,605 m?
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0,023
D222
1463
0.263
0473

Thermal Resiztance [m2kM)

0,156

n.zzz
0,368

Thermal Resistance [m2kiw]

1,136
1531
0,537
0,529
0,222
0,236



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 | used the next equation (equation 11):
Equation 11: Infiltration heat losses
Qinf = p Cp V(Ti — To)
p: Air density (kg/m?)
Cp: Specific heat capacity of air (J/kg2C)
V: Ventilation volumetric air flow (m?/s)

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

Ventilation volumetric air flow

To calculate the ventilation volumetric air flow (m>/s) | 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 | chose the
“Air change method”.

Equation 12: Ventilation volumetric air flow (m3/s)

. _ACHV
© 3600

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

Basing on the information of this method and as our building is around twenty years old, | decided
at first to take this value:

ACH = 0,2 new/hour

Nevertheless, | 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: lllustration of our measurements

Sustainable energy reduction, production and management at PXL-Tech. Geothermal Energy
Amaia Larraiiaga Arregui
Page 48



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.

m3 m3
—————x 3 x4563,598 m? (roof's area) = 20,916 —
(h *m?) s

Air density (kg/m?) and specific heat capacity of air (J/kg2C)

V=255

| have taken into account the standard values:

p=12kg/m3
Cp = 1000 J /kgK

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 | am going to use the next equation 13:

Equation 13: Ventilation heat losses
Qvent = p Cp V(Ti — To)

p: Air density (kg/m?)

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

V: Ventilation volumetric air flow (m?/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 | 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 (m3/s)

. _ACHV
~ 3600
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So as to decide the air values for ventilation, firstly, | 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.

IT1.1422 Categorias de calidad del aire interior en funcién del uso de los edificios

En fimecién del uso del edificio ¢ local, 1a categoria de calidad del aire interior (IDA) que se
deberd alcanzar serd, como minimo, la siguiente:

IDA 1 (aire de 6ptima calidad): hospitales, clinicas. laboratorios y guarderias.

DA 2 (aire de buena calidad): oficinas. residencias (locales conmmes de hoteles ¥
similares, residencias de ancianos y de estudiantes), salas de lectura, nmseos, salas de
tmbunales, aulas de ensefianza v asimilables y piscinas.

IDA 3 (aire de calidad media): edificios comerciales, cines, teatros, salomes de actos,

habitaciones de hoteles y sinulares, restaurantes, cafeterias, bares, salas de fiestas,
gimmnasios, locales para el deporte (salve piscinas) y salas de ordenadores.

Figure 44: Explanation for IDA

Tabla 1.4.2.1 Caudales de aire exterior, en dm*'s por persona
Categoria dm®/s por persona
IDA1 20
IDA2 12,5
IDA3
IDA 4 5

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 | took into account standard values, which are the next:

Niveau van buitenlucht per persoon
. . Niet-rokers zone Rokers zone
Categorie Eenheid Typische Standaard Typische Standaard
waarde waarde waarde waarde
IDA1 m?h.persoon =54 73 =108 144
1/s.persoon >15 20 >30 40
IDA 2 m?/h.persoon 36 — 54 45 72 -108 20
V/s.persoon 10-15 12,5 20-30 25
IDA 3 m?/h.persoon 22 -36 29 43 - 72 58
1/s.persoon 610 8 12 - 20 16
TDA 4 m?/h.persoon <22 18 <43 36
1/s.persoon <6 5 <12 10
Tabel 7.11. Hoeveelheid buitenlucht per persoon

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-residentiéle 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 m*/hperson but as Mr. Camps told me, in Belgium the value was 22
m>/hperson, IDA3.

Nevertheless, | followed the method that Mr. Camps wused in his subject called
“Ventilatietechnieken en Luchtbehandeling 2” [24]”and in his book, as well.

The algorithm that | had to follow with rooms where it is expected people to be there for long
periods was the next:

# persomen Orrtwerpbezetti.ng # persomen
1
o e L L L P e Tabel?.la - -
5
2 v L 4 /
GRR: # persanen Vloeroppervlak/persoon EI(‘ # personen (MSD
S e RN
3 Roken?
S RN cic4) RN I R I
) '
| DAL | | IDAZ | | IDAZ | | IDA | | DAl | | IDAZ | IDrA3 | | DAL |
I . R y ¥ T ¥ v T ¥ |
s | [ ] [ =] o] [ ] [ ] [59] |wthpersoon
O O
Debiet Dehiet
} !
Dehiet = 30mi/hipersoon? Debiet = 30m¥hfpersoon?
nee l Jja l lnee l ja
30mih/persoon Debiet behouden 30mhfpersoon Dehiet behouden

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.

Onderwijsinstellingen
leglokalen 4
polyvalente zaal 1

Figure 48: Floor’s area per person (m? / 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. | had to divide
our room’s area with the value of the table, in this way | was able to obtain the number of
person.

Then, | compared 1, 2 values that | mentioned above, and | chose between them the biggest
quantity.

After that, | multiplied the value | 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, | had to follow the last step of comparison between Debiet and 30m>/h person. The
same happened with the canteen and the offices.

| had to compare:

A. The number of chairs (Ontwerpbezetting ) multiplied by 30 m®/h person.
B. The Debiet that | had obtained.

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

[ Type ruimte ]
Bestemd voor menzelijke Miet bestemd voor Speciale ruimten
bezetting menselijke bezetting
Yy Opperviakie per
Bezetting per=oon
vastgelegd
door v N
bouwteam Berekends e
hezetting [ WC? ]—P| 1.3 m*h m?
Ja
L
Andere
normen?
Aantal WC' s
gekend? da Nee
Debiet
Ja Nee Dehiet volgens
volgens die andere
43 m*'h persoon ‘ ‘ 22 m*'h.persoon ‘ ‘ 25 mYh WC ‘ ‘ 15 m*h m* normen zpecificaties

Figure 49: Algorithms for all kind of rooms

In the figure 49 we can see the different ways that | 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, | had to follow the second
column of the picture 49. Special rooms where particular characteristics should be kept, | should
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have followed the third column. Nonetheless, | didn’t know their special air values. | 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 | understood what data | needed to obtain my results, | 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, | decided for each of them which column | had to follow so as to get
the results that | needed.

| had to do a lot of calculations and so, basing on my previous knowledge of the software
MATLAB, | decided that the best option would be to create a file there, which was able to give me
the values that | was looking for just entering the data.

KINOOF AREAS I THE EUILOIMNG 0 FLOCR [mé] Wentilation value Pumber of chairs
Restaurant 4223 Restaurant 15 mfpersan a2

Figure 50: Example of a room of the building

| followed the same procedure with all the rooms. Therefore, | created a file in Matlab. | inserted
all the data that | needed for my calculations there and in this way, | obtained straightway the
results.

disp ('Uelcane.')

disp('Chooge the type of the room that you vant to do the caleulations for from che next list:')

disp('l if it is intended for human occupancy (e.g. classrooms, comwon lehoratories, restaurant, kitchen, common storages, offices etc.'|
disp('? if it i3 a corridor, hall or WC')

disp('3 if it i3 a special room vhere apecial components are uged (e.q. chemical products)'|

disp ("4 if you vant to end the programme'|

aukera=input ' Ingert your choice: ');

Figure 51: Main menu

In the figure 51, it is shown the main menu of the file | built in MATLAB, in order to follow the
algorithms and obtain the results easier.

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

Ventilation volumetric air flow result
The results that | got are the next:

0 FLOOR 10,35
1FLOOR 4,12
2FLOOR 822

27E9 m3fs

Figure 52: Air value results
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Ventilation heat losses results

TOTAL VENTILATION LOSSES W
520572 WINTER W)
05222 SURMER ']

Figure 53: Ventilation heat losses results

3.3.2. Heat losses results

TOTAL LOSSES WINTER 1095, 222988 WINTER [']
TOTAL LOSSES SUMMER 238,4590306 SUMMER [

Figure 54: Total heat losses results

3.3.3. Heatgains
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.

P !
e Fabric @
e wansmission
g O ‘/
iaht .
‘ o Qi Solar /
radiation
Water ' People
heating, L
cooking Electrical '
| appliances
L -l
L R
%A{/’////I L Ll L gy

Figure 55: Heat gains explanation

Sun gains
Equation 15: General equation to calculate sun gains

05 =) 05, = D Is, ) Agy,
J J

j
Is]: Irradiation that arrives to the building with j orientation.
ASn]: Area of the building which is orientated in j direction and is able to catch sun energy.
Likewise, to calculate the sun gains, | divided the year in two different parts:

e Winter
e Summer

In summer, | 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, | 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 | followed the equation 16:
Equation 16: Total heat gains of the building in Summer
Qgains = Qwalls + Qglass + Qwindows
From April-September the equation 17 was used:
Equation 17: Total heat gains of the building in Winter
Qgains = Qglass + Qwindows
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

J ll=xAl—
Qgainswa "o

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 | 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

Qgains = Qwalls + Qglasswindows
= QwallsNorth + QwallsEast + QwallsWest + QwallsSouth
+ QglasswindowsNorth + QglasswindowsWest
+ QglasswindowsEast + QglasswindowsSouth

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

Equation 20: Total heat gains of the building in Summer

Qgain = Qglasswindows =
QglasswindowsNorth + QglasswindowsWest + QglasswindowsEast +
QglasswindowsSouth

Calculation of area

Glasses
In case of the glass and windows, as they are sheer materials, | had to calculate the area using the
equation 21:

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

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

Fu — Area glass
W= Area window

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

f factor calculation TYPE 1 0,894825688
TYPE 1 STUK 0, 738765071
TYPE 2 STUK 0, 774418605
TYPE 3 1 5TUK 0, 799751553
TYPE 4 8 5TUK 0, 791455577
TYPE4 1 5TUK 0, 763864161
TYPES 1 5TUK 0, 787652174

MIEUWE LICHTSTRAT

Figure 56: Results of the windows’ f factor

0,824630542

After consulting with Mr. Jorn Vanherck, | 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 | 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. | have taken into account this factor (see figure 57).

ORIENTATION AREA OF THE WINDOWS (M2) f g absortivity of the windows
North 341,369 0,796920421 0,7
East 487,4945 0,796920421 0,7
South 282,48 0,796920421 0,7
West 652,18 0,796920421 0,7
Roof 0 0,796920421 0,7
Ground 0 0,796920421 0,7

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 m?
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. | have taken into account this factor.

Calculation of irradiation

To calculate the irradiance values depending on the orientation, | used the next webpage: [1]
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There | inserted our building’s position:
Latitude: 50.9277672 and Longitude: 5.3849419.

| was only able to obtain monthly average values for each orientation. And so, | 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/m?
North 909 180¢ 57,01317
East 909 -90¢ 115,37146
South 909 0@ 168,81927
West 909 902 115,52228
Roof 09 0@ 224,33419
Floor 09 0e 0

Sun gains results

350513604

2039253,5409

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

duration of the usage in the period

Qpers = NP = N x Power x

total duration of the period

N: Number of people in the building
P: The power that each person releases

Human quantity

| 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, | 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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| discussed this topic with my other tutor Win Vandormael, too; and finally, | made the next
hypothesis:

| 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, | 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, | took that they are 10 people. | 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 | 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.

Rates of Heat Gain from Occupants of Conditioned Spaces - ISO 7730
Total Heat Sensible Laternt
Adjusted Heat Heat
MNa. Dearee of Activity Typical Application ‘W atts] Biush| ‘watts] Biu/h| "watts] Blush
& | Seated at rest Theatre, Movie 100 | 350 B0 | 210 40 | 140
" 02 | Seated, very light vriting Office. Hotels, Apts 120 | 420 ES | 230 55| 190
= 03 | Seated. eating Restaurant 170 | 580 ih 255 95 | 325
04 | Seated, ight wark., typing Office, Hotels, Apts 150 | 510 ] 255 ] 255
05 | Standing. light waork. or Retail Store, Bank 185 | G40 a0 5 95 | 325
working slowly
06 | light bench work Factomy 230 | 780 | 100 | 345 | 130 | 435
07 | walking 1.3 mdz [3 mph] Factam 305 (1040 | 100 | 245 | 205 | B95
light machine wark
03 | Bowling Bowling Alley 280 960 | 100 | 345 | 180 | B15
09 | moderate dancing Dance Hall /o 1280 120 405 205 | 875
10 | Heavy work, lifting Factamy 470 | 1600 | 165 | 565 | 200 | 1035
Heavy machine work
= 11 | Heavy wark., athletics Gymnasiunm 525 | 1800 | 185 G535 340 | 1165
Ok I Cancel

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

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

Human gains results

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

Jweeks of evamsin winter

kind of peaple Percentage  Mumberofpeople Degree of Activity Power (W) Ouration(h) Tatal energy gains (Whi Total W

Kitchen closed

Students around 3hours (wait, do the exam and me B3 1 836 Seated, light wark 150 il 3365800 I8, 1373626
Teachers around 12 hours per week 0 1 90 Seated, light work 150 36 485000 M,2637363

Figure 60: Example of human gains calculations

The total results are the next:

17754.01215 TOTAL HUMAN GAINS WINTER W
gg327.817623 TOTAL HUMAN GAINS SUMMER W

Figure 61: Total human gains’ results

Electrical machine’s gains
In order to be able to calculate these gains, | followed the next equation 24:

Equation 24: Electrical machine’s gains

duration of the usage in the period

delectricalmachines = N x Power x
Q total duration of the period

N: Number of electrical devices
P: Electrical device’s power

| 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

duration of the usage in the period

Jelectricalmachines = 1,25 x N x Power x

Q total duration of the period
Therefore, so as to do all the calculations, | have checked room by room the electrical items that
are in the building. | was not able to check some rooms, such as the offices. And so, | took an
area’s light amount and | extrapolate this value for all the rooms that | had no access basing on
the value of their area.
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Electrical machine’s gains results
2065249253 103648 4251

Figure 62: Gains due to electrical devices
3.3.4. Gains results

037E4,1334
424612 5238

Figure 63: Total gains

3.4. Heat gains and heat losses balance results
The energy balance that | 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 | 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 | have obtained was right or not, | have consulted with Mr Roger
the current power capacity of the heat system.

| 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 | 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, | concluded that my value was correct.
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| over dimensioned this value in order to ensure that the system will be able to face extraordinary
situations, too.

1095823,988 x % = 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 | have analysed before. So, the
value for cooling is:

Summer: -185,8194666 kW Cooling needs

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

185,8194666 x % = 232,26 kW cooling needs

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

e Where | want to install it?
e  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
| will have to consider the price, as well as, its efficiency. In case of the efficiency, | 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 | knew the values that my geothermal system must fulfill, | started looking for information
about heat pumps and collecting data.

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

e Install only one heat pump which is powerful enough.
e Install different heat pumps.
e Install a lot of different “little” heat pumps.

| 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, | chose the middle option. | checked different suppliers’ websites [26] , [27] [28], [29],
[30], [31], [32], [33], [34], [35], [36], [37], [38], [39] and [40] and | arrive to the conclusion that
there is a huge offer among heat pumps which are below 500kW, but not above 500 kW. | sent a
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lot of messages to suppliers, too; but after analyzing the data that | obtained, | concluded that
their capacity was below the needs of the system or some other cases, | haven’t received
answers. | would like to get more information and so, | asked for help to my tutors and also, to
Mr. Chris Hendrickx, but | wasn’t provided with any further information about heat pumps. |
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, | chose the next systems:

BRAND MODEL HEATING COoP COOLING EER PRICE WARRANTY
CAPACITY (EN CAPACITY (EN
14511) 14511)
Danish NGH1200BT2 1200 kW 5,62 924 kW 4,7 269.487,00€ | 2 vyears, life
Renewable NGH130BT2 130 Kw 5 79 kw 4,2 41.906,00 € time of 20
Energy NGH50BT2 50Kw 5,25 50 kw 4,2 21.990,00 € years without
problems.
Possibility to
make it
Total: longer 3, 4, 5
1380kW TOTAL PRICE: | or 10 vyears
333.383,00 € | with charges.
Danish NGH500BTM2 | 500 kW (x2) | 5,125 4,2 139.900,00 €| 2 vyears, life
Renewable (x2) 446 kw (x2) time of 20
Energy NGH280BT2 | 280 kW 4,625 | (x2) 3,85 82.199,00 € | years without
NGH130BT2 80 kW 525 | 250kw 4,2 28.209,00€ | problems.
15 kW 5 78 kW 4,4 15.990,00€ | Possibility to
15 kw make it
Total: longer 3, 4, 5
1375 kW TOTALPRICE: | or 10 vyears
406.198,00 € | with charges
1235 kW

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 m®. 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 | analysed, | 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 | 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 | found
doing the primary research.

Revision 08-01-2015

Technical data:
IType NGH15BTM2 MNGH3DBT2 NGHS0BT2 NGHBOBT2 NGH130BT2 'NGH2B80BT2 NGH5008TM2 NGH12008T2
Phug & Piayt

Joolour of cabinel D=biue w=wiin2 ow w w w w w w w
Pt fow temperaturs heating ECc s8°C E5°C 85°C EE'C 85°C 85°C T5°C
Juin. flow tamparature coaling 7°C 7°C 7°C 7°C T°C TC 7°C 7°C
JOoperanng 1eMpEratures of the Neat soune £.257T $..25C 4..25°C S..5"°C 5..25°C £..25°C $..25°C £..25°C
Joperating temperatures of the heat sink. 0..40°C 10°..40°C 10r..40°C 10%...4°C 10" 40°C 10°..40°C 10%...40°C 10"..40°C
[Temparatura spraad of haating waber (retum flow) 6K 5K 5K 5K 5K 5K 5K 15K
Temparature sprean of coniing waier (F=um now) 5K 5K 5K LS 5K 5K 5K 5K
jreating capacity BOAWSS / COP BOW3S" WKW A0 2TRWI33 4EEW 42 T2ZEW 42 132mN /740 31RWN3T 423 KW 741 1056 KW /45
Heating capacity BOMES / COP BLWES™ - - - - - - - 1032 KW 12,3
JHeating capacity W1DW4S / COPW1QWaE 1756w /42 J4ERWI 33 S5EW/38 kw40 1ESKW /40 320 kw /402 SE WA 1265 KW 43
JPower consumption at BOW3S" 3SEW 40V 11.0KwW 17z -3 G240W 103 KW 234w
Jraraliel DHW capacity In haating mode - - - - TOE KW NI 128 kW -
JRacovery heat capactty In cooling mods HWSS'C - - - - TET W - 12560
JoHW ouput WIDWSS 1 COP WIDWSS 162KW 32 HEWI32 TN 32 40K 30 TEEW 3.2 TAKW/! 30 12060 3.2 -
JCociing output B20ANS / EER B20AWS" TEIRWITS 3IRWI53 STEN/63 BIKW /60 ESEW /6.0 0L KW SE SEIRWIES 1128 KW IT3
JCocling capachty W3QW1E /EER W3QW18" HARWIET ADEWIE1 EERW /5T 104 KW 75T DS KW/ 5T - 655 KW /5,8 140 KW T
joooling capachty W3WT [ EER W30WT e L4 26KWI 41 SORWi42Z TEEW 42 TEEW 42 250KW I 385 4w ia2 Sa4Ew AT
Jerotection mode / Installation -inside o-ouisde 1Paa P2 Pz Pz1i1 P21/ P21/l Pz1/1 P21/l
Joound power level emission ace. to EN 12102 < A0 dB (A) S5dB (&) ST EBA) 008 (&) E5 0B jA) 56 0B A} €5 dB (A} B2 d8 &)
retrigerant / Amount of retrigesant I R410A /40 k0 R410A/EI kg R410A/3.0kQ RE10A/ 120K R404A 1235+ 24 kg | RAIDAIL2+425kg | R132A /1242 124 0g
fFriow In e heal source (min) / Pressure drop 6.3 mhv Z2kPa 10,6 mih 27 kPa 16,6m'h /33 kFa 23,1 niih ! 406Fa S4.0m¥n/ SOKFa 350 mn /83 kPa 144 nT'm § S0 KPR
fFriow In e usar side {max) / Pressure drop £,3m¥h /20 kPa S imh/1TEPa 139m*m | 29 kPa 24,1 nh/ 30 kPa £30m¥n/ 40kPa TE.D mfh 60 kP 53,2 mh i TOKPE™™
fFriow of DHW 1,60 [ TkPa 2.7mh i 8kPa 3.9 | SkPa E.2h/ 4kPa E.5mim 15 kPa 20,6 mAh 40 kP =
joHW tank conneclion GT Gi-ug G Gr G-z D100 flange -
JControlier Cared Carel Cared Carsl Carl Slemens Carl
Joimensions In mm (W x Hx Df™ 1332 x 1825 x TEE Si5x 1515 % T80 1165 x 1580 x 790 1165 x 1680 % B2S 1284 x 1846 X 726 1346 x 1962 x 1220 1518 x 22682 x 1515

SNt (T3NSPON WEIQTT W. SMpty 1anks) E30 Kg (480 Kg) 36049 480 kg 550 hg 8350 kg 1550 69 28008 -
Jrated voliage, frequency WNPE ~4D0 V, SOHE | INPE 200 V, S0HZ | INPE ~400V, SO HZ | INPE 400V, 50 Hz | INPE ~400 V, 30 Hz | INPE ~400 V, 50 Hz | INPE 400V, S0 Hz | INFE~400V, 50 Hz
prirush curent (A) / Type 64A  Softstart 644/ Sofstant 111A 7 Softstart 158A / Sofistart 2E0A  Softstart 215A / Softstart 408A ! Sofistant Slar- Delts
Jruse prot2cuion 204 A 638 B0A CANCURE Dfeaker CICUt Dreaker CHCUlt Dreaker CICUlt Dreaker
JConnection heating side f=Ra byl Gz G G2z G¥F Gé1E DN125 fange DN125 flange
JConnaction aundllary heat sources G1-14" - - - - - - -
joonnaction heat source (brne/water croulf) G1™ G112 G G 21 G4 G 418" DN125 tange DN 200 flange:
“Heal-, conilng |03t and raled power igures (COPIEEH) according D EN 14511
*"Pleasa nota, that addlonal space should ba provided for tuba connection, operation and sanvice
*** Radiator operation condltion
**** Flow at radlator operation condion
DHW = domestic hot water
GROSS PRICE (EUR) 15959000 € 18803.00 € M 990,00€ 2820500 € 4190600 € 8213900 € 139.900,00 € 269 487,00 €

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 m? that | 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 (m?)

1500 W 1,519 x 1,515 = 2,3012
2500 W 1,519 x 1,515 = 2,3012
3280 W 1,346 x 1,220 = 1,6421
480 W 1,165 x 0,825 = 0,9611
515 W 1,392 x 0,786 = 1,0941
TOTAL AREA 8,2997 m’

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, | 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.

280 W

Figure 68: Control system of the heat pumps

3.7. Characteristics of the heat exchanger
In this part of the project | 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 | 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?
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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, | removed this part from
our available area. Apart from this pipe, there were no more pipes in our available area.

So, as | 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. | 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:

e Horizontal or vertical. The horizontal installation takes more area, the depth of the
underground wholes is around 2-3 meters, maximum around Smeters; 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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Figure 70: Example of a horizontal Figure 71: Example of a vertical heat
heat exchanger installation exchanger installation

e 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.

Serie horizontal Serie vertical

L/— Ida ‘/—|da
- : & . =
= Retomo

Paralelo vertical

o

Retorno

Colector ida

Paralelo horizontal
Colector ida Ramal Colector /_
‘ t( /_ /— retorno » J

‘ ~ ‘ Colector retorno —, I’ P )
J

5

Figure 72: Example of a series and parallels
installation (horizontal heat exchangers)

N—

y, -
y, —

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

Our building’s energy needs are huge; as a result, | 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, | chose the series option, owing to the points that |
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.
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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. | chose the
polyethylene (PEX) pipes, because basing on the information that | 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, | started with the heat exchanger’s length calculations. The formulas that |
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

copP-1
COP
Tmin,g — Tmin, HP

Qheating (Rp + RgFheating)

Lheating =

Equation 27: Length of the heat exchanger for cooling

EER+1
EER
Tmax, HP — Tmax, g

Qcooling (Rp + RgFcooling)

Lcooling =

Qheating: Heating needs of the building (W)
COP: Heat pump’s heating performance

EER: Heat pump’s cooling performance

Tmin, g: Ground’s minimum temperature (K)
Tmax, g: Ground’s maximum temperature (K)
Tmin, HP: Heat pump’s minimum temperature (K)

Tmax, HP: Heat pump’s maximum temperature (K)
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Rp: Pipes’ resistance (mK/W)

Rg: Ground'’s resistance (mK/W)

Fheating: Heat pump’s using factor for heating
Fcooling: Heat pump’s using factor for cooling
Qcooling: 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. | 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 | 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 | used the next formula:
[
Tmin (z) = Tm — Ase \365¢

Tmax (z) =Tm — Ase \3esa

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.

To calculate Fheating and Fcooling | have analysed one year’s temperature values, from 1 of
January 2015 until 31 of December 2015. For that, | used the next web-page that | also mentioned
in other parts of this project [12].

There | checked the next data:
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Daily High and Low Temperature
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Figure 75: The daily average low (blue) and high (red) temperature

Basing on figure 75, | made some approximations there. | bearded in mind the temperature values
are more or less the same in some parts of the year. | decided that January and December,
November and March, May and September and June and August had almost the same
characteristics. Therefore, | analysed only the values of one partner of the couples. In case of
February, April, October and July, | analysed each month separately. | have consulted this decision
with Mr. Vanheusden and he agreed with it.

| took the temperatures of two months from the weather station that PXL-Tech has. | took the
data of February and March 2015. As the station was installed in 3 of February, | 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, | have used data from Kleine Brogel Air
Base to analyse the other months.

First of all, | focused on the maximum and minimum values for each month and | divided the
temperatures in different ranges. After that, | 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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Temperature range (2C To average (¥C) Bin hours

4.4 -4,5 0
3-389 -3,5 0
-2-29 -2,5 0
-1-(19) -1,5 0
0-(-0.9) -0,5 0
0-09 0,5 0
1-19 1,5 0
2-29 2,5 0
3-39 3,5 0
4-49 45 0
5-59 5,5 0
6-69 6,5 0
7-79 7.5 53
B-89 8,5 108
3-99 9,5 138
10- 10.9 10,5 121
11-118 11,5 85
12-129 12,5 64
13-13.8 13,5 59
14-149 14,5 52
15-15.8 15,5 39
16- 16.9 16,5 34
17-17.9 17,5 )
18- 18.9 18,5 0

Figure 76: Example of the temperature ranges. Bin hours’ values

Apart from that, | have calculated the heating needs that the building has for each range of
temperature and | also have written down the heat pump’s heating capacity for each range. This
last one is constant every time. Using these both values, | have been able to calculate the working
fraction of the heat pump for heating, see equation 30.

Equation 30: Working fraction equation

Heating needs of the building
Heat pump's heating capacity

Working fraction =
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Building's load HEATI Building's load COOLING Heat pump's poy Heat pump Working fracti Working frz

1654,054956 -1631,812138 1375 1235 1 0
1583,669677 -1561,426819 1375 1235 1 0
1513,284358 -14491,0415 1375 1235 1 0
1442 BSS03S -1420,656181 1375 1235 1 0

1372,51372 -1350,27086.2 1375 1235 0,998191796 0
1302,128401 -1279,885543 1375 1235 0,947002473 0
1231,743082 -1209,500224 1375 1235 0,89581315 0
1161,357763 -1135,114505 1375 1235 0,B44623B28 0
1090972444 -1068, 729586 1375 1235 0,793434505 0
1020, 587125 -008, 3442674 1375 1235 0,742245182 0

950, 201806 -027 0580484 1375 1235 0,691055859 0
8798164871 -B57,5736295 1375 1235 0,639B66536 0
809,4311681 -787, 1883105 1375 1235 0,588677213 0
739,0458491 -716,8029915 1375 1235 0,53748789 0
668,6605302 -646,4176726 1375 1235 0,486298567 0
598,2752112 -576,0323536 1375 1235 0,435109245 0
527, BBO9BO22 -505,6470346 1375 1235 0,383919922 0
457,5045733 -505,6470346 1375 1235 0,332730599 0
387,1152543 -435,2617157 1375 1235 0,281541278 0
316,7339353 -364, 8763967 1375 1235 0,250351953 0
246, 3486164 -204 4510778 1375 1235 0,17916263 0
175,9632974 -224, 1057588 1375 1235 0,127973307 0
105,5779784 -153, 7204398 1375 1235 0,076783984 0
35,19265948 -83,3351 2086 1375 1235 0,025594661 0

Figure 77: Example of the working fractions for cooling and heating

**In the case where the working fraction is bigger than a unit, | 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.

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

| have obtained the working hours of the heat pump multiplying bin hours with the fraction that |
have mentioned before, see equation 31 below.

Equation 31: Working hours equation
Working hours = bin hours x working fraction

We can see an example of these calculations in the figure 78.
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Working fraction Heating Working fraction Cooling Bin hours  Working hours Heating Working hours Cooling

1 o 0 o 0

1 0 0 0 0

1 o 0 o 0

1 o 0 o 0
0,998191796 o 0 o 0
0,247002473 0 0 0 0
0,89581315 0 0 0 0
0844623828 0 0 0 0
0,793434505 0 0 0 0
0,742245182 0 0 0 0
0691055859 0 0 0 0
0,639866536 0 0 0 0
0,588677213 0 53 31,1998923 0
0,53748789 o 108 58,04B69215 0
0,486298567 0 138 67,1092023 0
0,435109245 o 121 52,64821859 0
0,383919922 o 85 32,63319334 0
0,332730599 o o4 21,29475832 0
0,281541276 0 59 16,61093528 0
0,230351953 0 52 11,97830155 0
0,17916.263 0 39 6,987342574 0
0,127973307 0 34 4351092445 0
0,076783984 0 8 0,614271875 0
0,025594661 0 0 0 0

Figure 78: Example of calculations of the working hours

Later, | summed all the hours of each process of each period, heating and cooling respectively,
and | divided them with the whole amount of hours of each period summer and winter. In this
way, | 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

Do

- 2mkp
Do: Outside diameter of the pipe
D1: Inside diameter of the pipe

kp: 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, | 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 | 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, | chose a diameter of DN125 for my calculations, as approximation.

Nevertheless, | 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.

Turbulent

= e

Laminar
— - e
— —_— e
— - —_—
T —_— —_—
— e e

Figure 79: Example of laminar and turbulent flow

Therefore, | 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 | used the next formula:

Equation 33: Reynolds formula for turbulent flow
4V
Re = —— = 2300
nDv

V =0,041667 m3/s, it is the minimum flow required by the heat pump system that | chose. | took
this value from the datasheet.

v is the cinematic viscosity of the water, in our case, at 102C. Cinematic viscosity of water at 102C
=1,306° m?/s.

Replacing the 2300 value in the equation 33, | 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 | have looked on the internet different information [41]. After
obtaining several data, | chose the next one (see figure 80 below):
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PE-100 PE-80 PE-40
espesor (mm) espesor (mm) espesor (mm)

PRESION |bar] © , 16
20 - 2.0
25 2,3
32 2y 30
40 - y 2,7
50 - 1.6
63 4, 5.8
75 4.5 65,8
20 o, v
110 4, X 10,0
125 4.8 9,2 11,4
140 12,7
160 Y 1.t 14,6
180 13, 16,4
200 ]
225
250
280
315
355
100
450
500
560
630
710
oo
900
1000

W b o o AN N W e W

Figure 80: The thickness of the pipe that | 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 | 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 | mentioned before, the material of the pipe is polyethylene. Therefore, | 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

Pipes’ resistance \ 0,021794288 mK/W

3.7.5. Ground’s resistance calculations
After knowing the working factor, | 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, |
calculated the ground’s resistance value for these two different periods.

For that, | used the next formula:
Equation 34: Ground’s resistance’s formula

1 R
Rs = 4mks El(ﬁ)

Ks: The conductivity of the ground (W/mK)
a: Thermal diffusivity of the ground (m?/s)

t: For how long the heat exchanger is working during a year (s). | used t for cooling and t for
heating. In this way, as | mentioned before, | obtained two different ground’s resistances values
depending on the period of the year.

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

Equation 35: Exponential integral function

X et
Ei(x) =f < ar

—00

r: It is the distance between different pipes.

Conductivity of the ground
To calculate this value, | took data from the website that | mentioned before: [10]

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

dikte | diepte type hmin | Agem

(m) {m) (W/mk) | (W/mE)
a4 4.4 | zandh, klei 1.4 1.7
27 7.1 zand 19 2.3
1.6 87 zand 1.9 23
0.4 9.1 | Kleih. zand 1.8 21
223 | 314 Kef 1.2 1.5
30 | 344 zand 19 23
1.3 | 357 | zandh. Klei 1.4 1.7
78 | 434 | Keih zand 1.8 21
43 | 477 kei 1.2 1.5
17.0 64.7 | kleih zand 1.8 21
468 | 1116 | zandh. klei 1.4 1.7
38 | 1434 | keih zand 1.8 2.1
156.6 | 300.0 tuflerijt 23 23

Figure 81: Thermal conductivity values of the ground
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As | said before, | supposed that our pipes would be 90 meters deep and so, | took into account
the conductivity values until 90 meters and | calculated an average value.

Thermal conductivitg (Wimk)
17
23
23
2.1
15
23
17
21
15
2.1
17

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

| followed the same steps as with conductivity of the ground. | took the values that | mentioned in
the figure 83 as basis, and after that, basing on the values which are until 90 meters, | calculated
an average value.

Thermal diffusivitya
0,423
0521
0.521
0.231
0,261
0521
0,423
0.231
0,261
0,231
0423

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 m%/s

Heat exchanger’s working hours

To make the calculations of this part, | took into account the same values that | obtained when
calculating the using factor of the machine, because our installation of 1375kW for heating and
1235 kW for cooling is new and | can’t search real data. As a result, | bearded in mind the values
of the year that | made my calculations with and | used them as a basis for our installation.

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

Equation 36: Formula to calculate the x

x=Go)

4t

Equation 37: Exponential integral function

t

* e
El(X):f Tdt

Distance between different pipes

To calculate this part, | used the “mirror method”. As | chose the vertical system option, the pipes
are located between 80-100 meters usually, and so, | took 90 meters value below the ground.
Then, | 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.

TUbD \‘\\
imagen ™

4 O “o—

3 s

AN

[
Y

Figure 84: Explanation of the pipe’s method
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As | 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 | made (figure 85).
There appear all the results of each step.

r{m}) ®_uda Ei_uda - X_negua Ei_negua -

11 0,1324 -0,00635 -4,48842 4,48842 0,184457 -0,00112 -6,21833 6,21833  0,25555
12 6 -13,0332 -1,56516E-07 1,57E-07 6,43E-09 -2,30444 -0,03231 0,032309 0,001328
13 180,1 -11742,9 0 0 0 -2076,3 0 0 0
14 180 -11729,9 0 0 0 -2073,99 0 0 0
21 6 -13,0332 -1,56516E-07 1,57E-07 6,43E-09 -2,30444 -0,03231 0,032309 0,001328
22" 01324 -0,00635° ~ -4,48842 448842 0,184457 -0,00112 -6,21833 6,21833 0,25555
23 180" -11729,9 0 0 0 -2073,99 0 0 0
24 180,1  -11742,9 0 0 0 -2076,3 0 0 0

0,184457 0,256878

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 | have mentioned a lot of data and calculations in this process, | will review again the equation
38 and 39 below and | will show the values that | used in the formula in one table (table 21).

Equation 38: Length of the heat exchanger for heating

. . COP-1
Qheating cop

Tmin,g — Tmin, HP

(Rp + RgFheating)

Lheating =

Equation 39: Length of the heat exchanger for cooling

Qcooling Eig;rl (Rp + RgFcooling)
Tmax,HP — Tmax, g

Lcooling =
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Table 21: The values | used to obtained the results

Qheating: Heating needs of the building (W) 1369779,985
COP: Heat pump’s heating performance 5,025

EER: Heat pump’s cooling performance 4,17

Tmin, g: Ground’s minimum temperature (K) 283,701
Tmax, g: Ground’s maximum temperature (K) 283,701
Tmin, HP: Heat pump’s minimum temperature (K) 268

Tmax, HP: Heat pump’s maximum temperature (K) 298

Rp: Pipes’ resistance (mK/W) 0,021794288

Rg: Ground'’s resistance (mK/W)

Rs_summer 0,18445724
Rs_winter 0,25687784

Fheating: Heat pump’s using factor for heating 0,649899251
Fcooling: Heat pump’s using factor for cooling 0,11365433
Qcooling: 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 | 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

| 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 | 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
AreaHEU = nr? = (6 + 2rpipeoutside)?

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

U quantity Area m’

1 118,08

74 8738,2067
55 6494,61

Therefore, | chose that our system would need 55 holes of a depth of 120 meters. The area that it
would need would be 6494,61 m* 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, | 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.

PE-100 PE-80 PE-40
espesor (mm) espesor (mm) espesor (mm)

PRESION |bar] ©
20 -
25
32
40
50
63
75
20
110
125
140
160
180
200
225
250
280
315
355
400
450
500
560
630
710 27.2
oo 30,6
900 14,4
1000 18.2

Figure 86: Choice of the pipe in red circle
The values that had been changed are highlighted with yellow colour in the table 25.
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Qheating: Heating needs of the building (W)

1369779,985

COP: Heat pump’s heating performance 5,025
EER: Heat pump’s cooling performance 4,17
Tmin, g: Ground’s minimum temperature (K) 283,701
Tmax, g: Ground’s maximum temperature (K) 283,701
Tmin, HP: Heat pump’s minimum temperature (K) 268
Tmax, HP: 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
Rp: Pipes’ resistance (mK/W) 0,026911

Rg: Ground'’s resistance (mK/W)

Rs_summer 0,181267185
Rs_winter 0,252989431

Fheating: Heat pump’s using factor for heating

0,649899251

Fcooling: Heat pump’s using factor for cooling 0,11365433
Qcooling: The cooling needs of the building (W) 232,26
Depth of eachU m Length of each U m U quantity = hole quantity | Total area m?

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.

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, | took the next figures into account and | made some approximations:
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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. | made the next approximations for my
calculations:

e | took into account the values between May and September to calculate the warm waters’
average heating needs (kWh and m?® 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.

e | erase this average value to the monthly consumption values (kWh and m? gas).

e | added all the heating consumption values of each year.

e After that, | calculated an average year consumption value; in the case of 2013, as | didn’t
have the values of the whole year, | 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® 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 m* 4007
2011, annual m® consumption for heating 45769
2012, annual m® consumption for heating 61313
Average annual m® 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 m* 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® consumption values

AVERAGE ANNUAL VALUE
kWh consumption = energy needs 674594,5333
m* 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® consumption values with geothermal installation

AVERAGE ANNUAL VALUE
kWh energy heating needs 674594,5333
kWh i f 674594,5333
consumption of energy — 134247.66
5,025
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
m? consumption GAS 62811,83333

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

Nonetheless, | 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 | obtained the next results (see figure 88):

AVERAGE ANNUAL HEATING M3 61016 m3 655327,5 kWh
AVERAGE ANNUAL WATER M3 44266 m3 475428,2 kWh
TOTAL GAS CONSUMPTION 105282 m3 1130756 kWh

Figure 88: Annual GAS m’ 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.

AVERAGE ANNUAL HEATING M3 T0282 m3 754846,8 k'Wh
AVERAGE ANNUAL WATER M3 35000 m3 375909 kWh
TOTAL GAS CONSUMPTION 105282 m3 1130756 kwh

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

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

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

AVERAGE ANNUAL VALUE
kWh energy needs 754846,7683
i ici 754846,7683
kWh consumption of electricity - — 150218,2686

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

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

Elactricity prices (per kK¥h) Gas prices (par KWh]

Hougehalds (1) Indugiry {2) Households (3} Iivduistry [4)

2M2 243 214 | 2012 M3 2M4 | 2042 MM3 204 242 213 24

81 81 g1 | =1 81 81 | 81 1 81 | 81 1 =1
EU-28° 0,188 0.199 0.205) 0115 0120 0.123) 0.083 0.085 0.087)0.037 0.041 0039
EU-27" 0.189 0.200 0205|0115 0120 0.124) 0.063 0.065 0.067)0.037 0.041 0.038
Euro araa® 0,188 0.271 0.218( 0121 0127 0.133| 0.0688 0.073 0.073)0.035 0.043 0.040
Belgium 0.233 0.217 0210 0108 0108 0.109) 0.069 0.066 0.086) 0.035: 0.040 0.032

(") Annual consumption: 2 500 kKWh < consumplion < 5 000 KWh.

{zj- Annual consumption: 500 MWh < consumption < 2 000 MWh; excluding VAT

{“”] Annual consumption: 20 GJ < consumption < 200 GJ.

{’j- Annual consumption: 10 000 GJ < consumplion < 100 000 GJ; excluding VAT.

Source; Eurostat (online data codes: nrg_pc_204, nrg_pc_205, nrg_pc_202 and nrg_pc_203)

Figure 90: Gas prices for Belgium from 2012 until 2014

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

e Electricity price 0.108 €/kWh

For the GAS price, | took the price that is mentioned in the book AUDIT “PXL Gebouw H” as a
value of 2012.

e 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, | 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.
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In short, the factors | calculated were the next:

e Economic savings in € and in percentage value.
e 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, | 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.

Component Typical Analysis Range
(mole %) (mole %)
Methane 95.0 87.0 - 97.0
Ethane 3.2 1.5-7.0
Propane 0.2 0.1-15
iso - Butane 0.03 0.01-0.3
normal - Butane 0.03 0.01-0.3
iso - Pentane 0.01 trace - 0.04
normal - Pentane 0.01 trace - 0.04
Hexanes plus 0.01 trace - 0.06
Nitrogen 1.0 0.2-55
Carbon Dioxide 0.5 0.1-1.0
Oxygen 0.02 0.01-0.1
Hydrogen trace trace - 0.02
Specific Gravity 0.58 0.57 - 0.62
Gross Heating Value (Mme3), dry basis * 38.0 36.0 - 40.2

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 | took into account just its process for my calculations.

The natural gas’s chemical reaction is the next:
Equation 41: Gas natural chemical reaction
CH, + 20, = CO, + 2H,0 + 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, | calculated how many grams of Gas the building needs in a year, and basing on that, |
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 152C and 1013 mbar. Therefore, |
took into account the Gas’s density in these values which is 0,712 kg/m”.

MATURAL GAS

Density (kg/m3) 0,712
Matural gas quantity kg 47428,655
Matural gas quantity g 47428655

Required oxygen quantity g 189714620
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, | 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

PV =nRT
P: Pressure (atm)
V: Volume (I)

n: Amount of gas (g/mol)

atml

R: Constant value 0.082

mole K

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.

TREES CALCULATION

Pressure (atm) 1
Volume (I} 3
R 0,082
Mol quantity n (g/mol) 32
Temperature (K) 283,7
Oxygen grams per hour per square meter 4,1266539

Figure 93: The values that | have used in

We can see in the figure 93, | used the Standard Pressure value which is 1 atm and | took the
average air temperature of the year of Diepenbeek. | 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, | obtained the average
sun hours of the PXL-Tech building. The average value is around 12 sun hours per day.
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Sun hours 12
Sun hour per year 4380
Oxygen grams per sguare meter per year 18074,744 g/m2

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 m” which is in Diepenbeek releases an average
of 18074,744 g/m* per year.

Apart from that, | 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 Alvaro
Campos. These values were taken from the “Well to tank Report, version 4.0” of the Joint
Research Institute.

CO3z-ko isuri baliokide

Amaierako energia espezifikoak

(g CO2/kWh)
Elektrizitatea® 399
Gas naturala®™ 252
Gasoleoa™ 311
GLP orokorra™ 254
Inportazioko ikatza™ 472
Biomasa = 18

Figure 95: CO2 releases per kWh

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

AVERAGE ANNUAL WARM WATER 35000 m3 375909,0079 kWh
TOTAL GAS CONSUMPTION 105282 m3 1130755,776 kWh

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.

0,9473

Efficiency of the heating system

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. | took into account that the drilling including the filler material would cost around
42€ per meter.

| 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, | didn’t found related data for this project.

406.198,00
25831,68
282240
714.269,68
5700000
5300000

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

YVVVVYYVYYVY

o Stirling motors

o Gas micro turbines

o Theinternal combustion engine
> Otto-cycle
> Diesel-cycle
> Rotary-engine

4. Conclusions

In this project, | 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 ®g CO, 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 | 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 m” and the available space
that | mentioned at first, would be 4555, 0885 m”. As a result, there would have to take more area
from the east side of the building.

| would like to mention that all my calculations were done without taking into account any
subsidy, owing to the fact that | 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, | 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, | 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;
p=0;

while (auk~=1)
while (aukera~=l&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('l 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~=l&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
0=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: Y
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 (1)

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 (1)
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 1s the next: ')

disp (1)
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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 (1)

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
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