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1 Software Manual

1.1 Content and use of the program EWS

The Basic version of the program EWS calculates the behavior of borehole heat exchangers. This
is done by numerically solving the heat equation of the ground and the heat transfer from the
boreholes. The program calculates the outlet and inlet temperatures as well as the heat extraction
performance of the boreholes (single boreholes or fields of boreholes) with hourly resolution up to
a period of 200 years. The program EWS allows to take into account all major influences. The
ground can be vertically divided into maximum 10 layers with different types of ground materials
and backfills, such as the corresponding properties. Since the program EWS is able to do unsteady
calculations of the fluid, it offers the possibility to calculate “start-up processes” and “thermal
response tests”.

The Full extension version allows graphical input of fields of boreholes on imported schemes
(cadastral maps, ground plots, district plans) and entire systems for direct cooling over borehole
heat exchangers can be calculated. Based on the return temperature of the building’s cooling
system (TABS, cooling ceiling and ventilation), it is possible to simulate a hydraulic linking of the
borehole heat exchanger with the ventilation or the hydraulic cooling system. Even simulations with
complex ventilation schedules are feasible.

The Pro version allows consideration of groundwater influence, solar collectors and neighboring
borehole heat exchangers.

1.2 What is new about version 5.5
Version 5.5 has brought, among others, following improvements:
¢ Free borehole arrangement for up to 150 boreholes (full extension) / 600 (Pro version)

e New, smaller borehole illustration with grids of 5m — 50m for the illustration of entire district
plans on the original plan (Pro version)

e Consideration of neighboring boreholes (Pro version) with same and different load profile
¢ Depiction of soil temperature for borehole fields and whole districts (Pro version)

o Display of borehole temperatures for borehole fields over the entire year for the whole
simulation duration

¢ Influence of groundwater for one or two aquifers (Pro version)

e Solar borehole regeneration with thermal solar collectors (Pro version)
o Double-paged, significant report of the simulation results

e Simulation of restoration measures for overexploited borehole fields

¢ Detailed pressure calculation of the borehole circuit

1.3 Further literature

During the elaboration of the program EWS it was paid attention highly to the fact, that users with
no deeper comprehension of the models or numerical background, should be able to use the
program. Hence a default value for each set of input is provided. In most cases these default
values lead to reasonable results. The manual does not present all the models that are used in the
code. But these models are published in very detailed manner (sometimes even with source code
of the program) in scientific reports and publications (including validations). An overview of the
publications can be found in the reference list. The program EWS contains the EWS module, which
was supported by the Swiss Federal Office of Energy (ref. [5], [6], [9]).
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2 Installation and licensing

2.1 System requirements

The following requirements must be fulfilled to ensure a smooth use of the program EWS on your
personal computer:

e operating system: Windows 7 / Windows 8 / Windows 10
o free disk space: at least 100 MB

e screen resolution: at least 1024 x 768 pixel

2.2 Program delivery

For legal reasons the program EWS will not be delivered on a physical data medium. It can only be
downloaded from the internet or sent by email. It must be unlocked with a license number
(download: www.hetag.ch/download).

2.3 Language versions

The program EWS is available in different language versions (English, German, French, Italian,
and Spanish). For loading the program EWS in languages other than German, the translation file
“Sprache.ews” must be in the same folder as “Ews.exe”. The language can be changed anytime by
selecting the favored language in the pull-down menu “info”.

2.4 Program licenses

The purchase of a program license entitles to install the program EWS on a single workstation of
the customer. If the computer is used exclusively by one person, the license can also be installed
on a second workstation (e.g. laptop or home PC) at no extra charge. When purchasing a
replacement PC, a third license number can be applied for additionally, against payment of a
rewriting fee.

In all other cases, supplementary program licenses must be purchased for additional installations.
For additional licenses of the same client, there will be a 50% price reduction.

Program licenses are unassignable and must not be resold.

Schools and educational institutes get special conditions. Educational licenses are not allowed to
be used for commercial calculations.

2.5 Installation Preparations

After the download of the program from www.hetag.ch/download, the downloaded file needs to be
unzipped. The file “EWS.exe” with a torch on a blue background should appear. The EWS.exe file
must be saved to a directory with full reading and writing permission (directories “C/program files”
and “C/program files (x86)” often do not work since the user does not have full permissions).
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2.6 Installation

The program EWS requires no installation. Just copy the file “Ews.exe” into your favored program
folder on the computer. The program EWS can be unlocked by the entry of the license number.
Thereby, 4 types of license numbers are distinguished:

1. license number for test version (4701)
2. license number for a Basic installation
3. license number for Full version
4. license number for Pro version

According to the license number a different functional range is available.

2.7 Input of the license number

The test version, the Basic version, the Full version and Pro version must be unlocked by the input
of a license number. The corresponding procedure is described in the following:

Calculation of borehole heat exchangers

Huber Energietechnik AG
Ingenieur- und Planungsbiiro
Jupiterstrasse 26

CH-8032 Zurich

mail@hetag.ch

el

“l.

L

#3 Information o — O X

Program EWS

Version 5.4, Sep 2020

Autor: Arthur Huber, Huber Energietechnik AG
Copyright :  Rechenmodul E'WS:  Bundesamt fir Energie [BFE). Bem

Pragramm EWwS: Huber Energietechnik AG
Jupiterstrasse 26, CH-B032 Zurich
Ingenieur- und Planungsbiiro
Tel +41 44 2277373
Fax +41 44 2277979
mailEhetag. ch

Literatur:  Berechnungzmadul fur Erdwarmesonden [EMET -Nr. 98538071, 19597)
E nweiterung des Programms EWS fuir Enwarmeszondenfelder [EMET-Mr. 98159227, 1939)

This program containg the EWS module developed by mandate of the Swiss Federal Office of Energy

Lizenz Mr: 34707-EWwS A er5d fiir F'robeversion.ﬂ
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Test version:

The word “Probeversion” must be written in the designated field instead of the company name to
unlock the test version. The license number of the test version is 4701.

/ Lizenznummer o ([ 24

This program is licensed for:

IPrDbeversion
Installation number

Yourlicense number:

Jaran

(nurnbet of trial version is 4701)

Close | Installation nurnber |

The test version offers everybody the complete functional range of the full program version. But
there are some restrictions to a part of entries that cannot be changed (e.g. length of the
boreholes, substance properties).

Basic, full and pro version:

The installation number is shown by pushing the button “Installation number”. This number has a
particular and different value for each personal computer. This number has to be sent together with
the name of the company by e-mail to mail@hetag.ch. The individual license number will be sent
back to you within 48 hours.

# Lizenznummer _ ol x|

Thig program is licensed for.

Installation number

[z33333

Your license number:

(number of frial wersion is 4701)

Close Installation number Ok

The license number and the company name should be entered into the designated fields. Keep the
license number saved since after a certain time it might be necessary to enter the license number
again.

B E
A" Lizenznummer ;lgl il

W

( Huber Energie Technik AG ’

Installation numher

[333333

Y] & nurnber:

EEEEEEERE,

(number of trial version is 4701)
Close | Installation number ’

After the finalization of the installation it is necessary to do one calculation run with the program
EWS by using its unchanged default values. Only now it is possible to move on to the data input.
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3 Datainput

3.1 Basics of the data input

3.1.1 Missing file ,Lizenz.ews*

There is no license number entered yet (see chapter 2.7), if the following error message appears
during the startup of the program.

g

) MNoch keine Lizenznummer eingegeben, Qeffnen Sie INFOI
1Y

If you have already entered the license number and the error message still appears, please assure
that the file ,Lizenz.ews" is in the same folder as the program ,Ews.exe". Is this not the case, copy
the file “Lizenz.ews” into the current program folder or enter the license number once more
according to chapter 2.7.

3.1.2 Decimal points

It is important that inputs are always entered with decimal points and never with decimal commas.
All input information after a decimal comma is ignored by the program and may produce the error
message “Floating point division by zero”.

Ews-Modul x|

@ Floating point division by zero,

3.1.3 Default values

A default value is allocated for each parameter at the start up of the program. These values were
chosen carefully with the aim to represent the most common and useful cases. Generally, the
calculation can be made with the default value if a simulation parameter is unknown or its meaning
is unclear.

3.1.4 Pull-down menus

Various input fields offer a pull-down menu as a help for the data input. Normally, several input
parameters are set to the corresponding values by the selection of an option in the pull-down
menu. Nevertheless, please note that these input values can still be changed manually, afterwards.
In such a case it may happen that the input values do not agree anymore with the pull-down menu.
The EWS Program deals with this inconsistency by using the manually entered values and by
ignoring the pull-down selection.

= Generally, the EWS Program does not calculate with the values from the selection in
the pull-down menu, but always with input field associated to the input parameter.
These input fields can be changed in every case, independently of the pull-down
menu.
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3.2 The sheet “Boreholes”

The number of boreholes, the borehole depth H, the type of the boreholes and their configuration
can be defined on the sheet “Boreholes”.

# Eingabedaten EWS -0 il
Fle Input Import Editon Windows Iofo

|»

ot Boreholes|2 Fluid |3 Earth [AExraction |5 o |
L
Borehole configuration )
ekt 11 I _I 1.7 Outer pipe diameter [m] 0.0320
-
1.8 ‘wallthickness of pipe [m] 0.0030
Open .
0.40
1.2 Tvp ‘  cosxial @ g ‘ 1.9 Heat conductivity of pipe [W/mK]
Save
1.3 Numberof bareholes

1
_— 1.4 Borehole depth 200
1.5 Borehole diameter 0120

Dimensionless thermal response factor g

1.10 Boundary conditions with g-functions ~ves & Mo

Programm EWW3., Lizenz fir Huber @ Huber Energietechnik AG. Ziirich

Close
[

-l

Fig. 3.1: The sheet “Boreholes” and its default values.
In field 1.4 you enter the depth of the boreholes and in field 1.3 the number of boreholes. Additional
input fields appear (see Fig. 3.2), if more than one borehole is entered in the field 1.3. Now the
borehole distance can be entered in field 1.6 and in field 1.11 it is possible to choose the borehole
configuration.

¥ Eingabedaten EWS “ =]
Fle Input Import Editon Windows Info

_— ﬂ0r9h0|99|2 Fluid |3 Earth |4xtract|nn |5 Info |
npu
Borehole configuration ) .
Calculation e domrs = 1.7 Outerpipe diameter [m] 00320
mm double-U-pipe -
18 Wall thickness of pipe [m] 0.0030
Open
0.40
Typ ‘  cosxial @ Wit ‘ 19 Heat conductivity of pipe [W/mk]
e 13 Mummbet of boreholes Z|
1.4
Fesults Barehole depth 200
1.5 Borehole diameter 0120

|»

16 Borehole distance 10.00 B/H eff: 0500 l6a
Dii ionl thermal resp factor g
110 Bounclary conditions with g-functions * Yes £ MNa
1.11 gunction: LI
Graph of g-function 1.12 Graph of gfunction

Input grfunction 1.13| ¢ ves & Mo

-l
Fig. 3.2: On the sheet “Boreholes”, additional input fields appear, if 2 or more boreholes are
entered in field 1.3

Close
[

Programrm EWWS, Lizenz fiir Huber @ Huber Energietechnik AG, Zirich
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3.2.1 Selection of the borehole type

By selecting one of the options in the pull-down field 1.1 (see Fig. 3.3) the program automatically
fills in the default values for the borehole type (double-U- or coaxial pipes, field 1.2), the borehole
diameter [2 x r4] (field 1.5), the outer pipe diameter [2 x r¢] (field 1.7), the wall thickness of the pipe
[rs-ro ] (field 1.8) and the heat conductivity As of the pipe (field 1.9). But these parameters can still
be adjusted manually.

# Eingabedaten Ews o =1p3
File Input Import Edifion Windows Info
a
e Boreholes | 2 Fluid | 3Eann | édractmn' 5infa |
npu
Borehole configuration
Crlekiion _ 1.7 outer pipe diameter [m] 0.0320
[32 rm double-U-pipel
1.8 wallthickness of pipe [m] |—D 2030
e 1.9 Heat conductivity of pipe [W/mk] 0.40
Save 50 mm double-U-pipe
B3 mm coaxial pipes Geowatt
Fesults 75 mm coaxial pipes Geowatt
B0 i coaxial pipes Geowatt
32 mm single-U-pipe
40 mm single-U-pipe
Dii ionl thermal p factor g
1.10 Boundary conditions with g-functions © Yes & Mo
Close
Programm EWS, Lizenz fir Huber Huber Energistechnik AG, Zirich ]
I I hd

Fig. 3.3: The sheet “Boreholes” with its options to choose in field 1.1.

Especially for the borehole diameter there can be bigger deviations from the default value,
depending on the ground properties and the used drilling technology. Check the borehole diameter
carefully (field 1.5).

3.2.2 Boreholes with double-U-pipes

The borehole disposition can be entered in the

following manner:
field 1.5 Borehole diameter =2 xr;
field 1.7 Outer pipe diameter = 2 X rs
. field 1.8 Wall thickness of the pipe =rs— 1o
field 1.9 Heat conductivity of the pipe As
field 3.11 Shank spacing = Bu
field 3.3 Heat conductivity of the filling Arn
Meann

Fig. 3.4: Double-U-pipe nomenclatures.
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3.2.3 Coaxial pipe-systems

The additional input fields 1.22, 1.23 and 1.24 appear if coaxial pipes are selected in field 1.2.

¥ Eingabedaten Ews

Fle Input Import Edion Windows Info

-lolx|

|»

- :ﬁnrehuleS|2F\uid |3 Eath | Bxraction|5 Info |

Borehole configuration ) .
Calculation 1.7 Outerpipe diameter [m] 0.0320
4| 1.1] =]

1.8 all thickness of pipe [m] 0.0030
Open "
1.2 Tvp ‘ & comxal ® Uk ‘ 1.9 Heat conductivity of pipe [W/mK] 0.40
S
e 1.3 Number of barshales 1 Far caxial boreholes:

Results 1.4 Earehole depth 20.0 1.22 Diameter of inner pipe [m] 0.0250
15 Borehole diameter 0.120 123 Wiall thickness of inner pipe [m] 0.0025
1.24 Heat conductivity of inner pipe [w/mk] 0.4000

Dimensionless thermal response factor g

1.10 Boundary conditions with g-functions ~ vas & No

Close
|

Programm EWS, Lizenz fiir Huber  ®Huber Energietechnik AG, Ziirich

L« |

Fig. 3.5: The sheet “Boreholes”, selecting of coaxial pipes in field 1.2.

The borehole disposition can be entered as following:

field 1.5
field 1.7
field 1.8
field 1.9
field 1.22
field 1.23
field 1.24
field 3.3

- %

e Earth

Fig. 3.6: Coaxial pipe nomenclatures.
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Borehole diameter = 2 x 1

Outer pipe diameter = 2 X rs

Wall thickness of the pipe=rs—r,

Heat conductivity of the pipe As

Outer Diameter of the inner pipe =2 X ra
Wall thickness of the inner pipe =ra—r;
Heat conductivity of the inner pipe Aw

Heat conductivity of the filling Arn
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3.2.4 Selection of the borehole configuration (single borehole or field of boreholes)

/¥ Eingabedaten EWS _ o]
Fle Input Import Editon Windows Iofo

:EDthO‘%lZF\uld |3Eanh |4xtract|nn|5 Info |
Input

|»

Borehole configuration
Calculation 11 I _I 1.7 Outerpipe diameter [m] 0.0320
- -
1.8 Wallthickness of pipe [m] 0.0030
Open
p 5 0.40
1.2 Ty ‘ - comdal = i ‘ 19 Heat conductivity of pipe [/ mk]
Save 1.3 Mumber of borehales 1
1.4
Results Borehole depth 200
1.5 Borehole diameter 0120
Dimensionless thermal response factor g
1.10 Boundary canditions with g-functions © Yes & Na

Fig. 3.7: The Sheet “Boreholes” with its default values.

Each type of borehole configuration can be described by its dimensionless thermal response
function g (see eq. 6.8). The program EWS sets the outer boundary condition of the simulation
area to this thermal response. For single boreholes, a second possibility is the use of the analytical
solution for infinite line sources, described by Carslaw & Jaeger [1] (see eq. 6.11). Field 1.10
defines which solution is applied. The program EWS sets the boundary condition with the g-
function, if the field 1.10 is set to “yes”, otherwise it uses the equation of Carslaw & Jaeger. The
boundary condition calculated by Carslaw & Jaeger is only adequate for single boreholes and
simulation periods up to the response time from eq. 6.12.

Once the entered number of boreholes (field 1.3) exceeds one, field 1.10 is set to “yes” and the
boundary conditions are calculated with the g-functions of Eskilson ([2] and [3]). As a consequence
the pull-down field 1.11 appears with a choice of the borehole configurations. There, B/H stands for
the ratio of the borehole distance B and the borehole depth H.

 Eingabedaten EWS Single horehale _% _|olx|
2 boreholes, BfH=0.05

Fie Input Import Ediion WIndowlo poreholes,  EiH=0.1

2 boreholes, BiH=0.2

3 boreholes inaline, B/H =0.05
3 boreholes inaline, BfH =01

Boreholes |2 F1 3 boreholes inaline, BfH = 0.2
Input 4 barehales inaline, B/H = 0.05
4 boreholes inaline, B/H =101

Borehole ca4 horeholes inaline, B/H=0.2
Calculation 6 borehales inaline, B/H = 0.05 ter pipe diameter [m] 0.0320
4| il & boreholes in a line, B/H = 01 T
2x2 horehales, B/H =005 IR e = 0.0030
Open 2x 2 horeholes, B/H=01
p 12T sz%whmg& E,fH=DZ bt concuctivity af pipe [W/mK] 040
2x 3 boreholes, BfH=005
Save 1 3 Mumber of 2x3hareholes, ByH=01

2x 3 boreholes, B/H=0.2

1.4 Borehale g2 * 8 borshales, B/H =005
Results 208 horeholes, B/H=01
1.5 Barehole dig3 %8 borsholes, B/H=01

3xBhoreholes, B/H=02 —
5x10bareholes, Bf/H=01
5x10boreholes, Bf/H=02
10x10 horeholes, B/H =01
3 boreholes in e triangle, B/H = 0.05
3 borehaoles inatriangle, B/H =01
7 borehales in L-configuration, B/H = 0.05
7 boreholes in L-configuration, B/H = 0.1
110 BTG e 12 boreholes in a square, Bf/H =005

Dimensionle:

12 boreholes in a square, B/H =01

1.11 gfunction j

Graph of g-function 1.12  Graph of gfunction

Input  grunctian 1.13 | ves @ No

Close

Fig. 3.8: The sheet “Boreholes” with the borehole configurations to choose from in field 1.11.
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In the following the options for the borehole configuration in field 1.11 are explained:

e ,single borehole®:

The g-function for single boreholes by Eskilson
is used.

RILE
e 1xnboreholes, e.g. 1 x 4 boreholes: Q Q o o
1 B 1
€————>
o) o) o)
e m x n boreholes, e.g. 2 x 3 boreholes:
o) o) o)
o)
e 3 boreholes in a triangle:
® ®
1€—>
B

e 7 boreholes in a L-shape:

e 12 boreholes in a square (around a

building):

e 10 boreholes in a U-shape:

2O o

o

Yo o
o o

© O o o

e . not defined*:

Each borehole is calculated with the equations
by Carslaw & Jaeger (eq. 6.11) (single infinite
line sources).

e ,special input®:

Description see chapter 3.2.5.
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Please pay attention to the following: The number in field 1.3 will not be adjusted automatically if
the number of boreholes in the field 1.3 is not consistent with the selection in field 1.11! All
calculations are always based on the value in field 1.3.

Each g-function is only valid for a specific ratio of the borehole distance B to the borehole depth H.
If the effective B/Hes ratio (field 1.6a) differs from the B/H value of the selected g-function, the g-
function will automatically be extrapolated to B/He. This extrapolation is based on findings from
Huber & Pahud [6]. Since all extrapolations are afflicted to an uncertainty, always use the g-
function with the B/H ratio closest to the effective value in the field 1.6a. This extrapolated g-
function, which is used for the calculation, will be shown graphically by pressing the button 1.12.

A afunc =l

[l gfunction ts=151[a]

g-function

gtrctn |
1,

Copy

Print 2T

Fig. 3.9: The Sheet “Boreholes” with the graph of the extrapolated g-function.

3.2.5 Input of a particular g-function

The EWS Program offers the possibility to enter a particular g-function as an alternative to the
selection of a borehole configuration from the library (field 1.11). There is a number of published g-
functions in the literature (e.g. [3]). Additionally, new g-functions can be interpolated from the
existing library values. For instance, the borehole configuration 1 x 5 boreholes, if desired, can be
interpolated to a sufficient accuracy from the borehole configuration of 1x 4 and 1 x 6 boreholes.

In the following, it is shown how the user can enter a particular g-function. This is only necessary, if
the borehole configuration cannot be described by one of the options in the field 1.11. To enter a g-
function, chose “special input” in the field 1.11 and then select “yes” in the fields 1.10 and 1.13.
Thereafter, the fields 1.14 to 1.21 (see Fig. 3.10) appear on the right hand side.
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/¥ Eingabedaten EWS _ o x|
Fle Input Import Edtion Windows Info
Boreholes| Fluid | Eerth |Edocion| i |
Input
Borehol fi ti
c (ETETE ST 1.7 Outer pipe diamster [m) 0.0320
alculation
1.1 [32 mm double-U-pipe =]
1.8 wallthickness aof pipe [m] 0.0030
Open
0.40
4| 1.2 e  coaxal & U-pipa ‘ 1.9 Heat conductivity of pipe [W/mK]
save 1.3 Number of borshales 4
— 1.4 Borehale depth 100
1.5 Borehole diamster 0.1z20
1.6 Barshols distance 1000 B/Heft 01001.6a
Dimensionless thermal response factor
" g 1.14 ryH-00005
1.10 Boundany canditions with gfunciions & Yes © Mo 1.15 mngts)=-4 4820
1.16 g =2 [590
runction ial i
1.11 o Special input LI 1.17 Inits)= 0 5750
Graph of g-function 1.12  Graph of grunction 1.18 ntpsi=+2 5570
1.19ntts1=+3  [e500
Input gfunction 1.13 @ ves Mo 1.20 Barehole distance of gfunction  [10.000
1.21 &4 0a00
Close
FProgramm EMYS, Lizenz fiir Huber  ® Huber Energietechnik AG, Ziirich
[ [

Fig. 3.10: The Sheet “Boreholes” during the input of a particular g-function.

The fields 1.15 to 1.19 describe the g-function by giving the function values of the data points
In(tts) = -4, -2, 0, +2, +3. Published or self-calculated g-functions are always valid for a specific
B/H ratio. The B/H ratio in the field 1.21 is calculated from the borehole distance B (field 1.20) and
the borehole depth H (field 1.4). First, the field 1.21 must be harmonized with the B/H ratio of the
favored g-function. This can be done by adjusting the borehole distance in field 1.20 (The borehole
depth in the field 1.4 must not be changed). Thereafter, the function values of the favored g-
function on the data points In(t/ts) = -4, -2, 0, +2, +3 can be entered in the fields 1.15 to 1.19. The
g-function is now completely defined by the fields 1.15 to 1.21.

Remarks:

e Field 1.14 shows the ratio of the borehole radius r, and the borehole depth H. This ratio is
0.0005 for all g-functions in the program library (and for most of the published g-functions).
It cannot be changed and it is published for the sake of completeness.

o |tis still the effective ratio B/Herr from the field 1.6a (and not the B/H ratio from the field 1.21)
that defines the result of the calculation. During the next calculation, the EWS Program will
automatically extrapolate the entered g-function to the effective B/Hex ratio.

o If the g-function was entered under "special input” in the field 1.11 as described above, this
g-function can be saved and later be reloaded from the option “special input”.

o More detailed information about the g-function can be found in the ANNEX.
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3.3 Afreely designed borehole configuration: The sheet ,,Field of boreholes*

Only in the Full version (and Pro version) of the program EWS, an additional, smart option is
offered to enter any kind of borehole configurations in a field. To take advantage of this option

choose “Field of boreholes” in the menu “Input” (see Fig. 3.11).

 Eingabedaten EWS

Boreholes
Fiuict
Earth
Simulation
Extraction
Parameter
—  Info

Ventiation schedle
__ Direct coooling
Heat pump
pressure d

Close

Fie | Input Import Ediion Windows Info

Fluid Earh | Extracton| Info |

e configuration
Outer pipe dismeter [m]

)
le borehole in & field ]

= wWallthickness of pipe [rr]
P £ Upipe ‘ Heat conductivity of pips [W/mk]
of borehales 1
& depth 200
& diameter 0.120

Dimensionless thermal response factor g

Boundary conditions with g-functions & ves  © No
grfunction:  [Special input |
Graph of g-function Graph of g-function
Input grfunction Cves & fin

0.0320
0.0030

Fig. 3.11:

Programrn EVWS, Lizenz fir Huber Huber Energietechnik AG, Ziirich

The selection of the sheet “Field of boreholes” in the menu “input”

The Full version of the program EWS now shows the sheet “Field of boreholes” with a grid. The
distance between two grid lines is one meter. Every ten meters there is a thicker grid line. The grid
lines correspond to a net of coordinates in which the left, upper corner has the coordinates 0/0.

,’:‘Y' Programm EWS: Sondenanordnung

— = X
0/0 30 m 40 m — ]
L }s2 X T
10m-gid | §3 ‘\
1]
delste $4:
& I:SS
(B 1:10.0:10.0 2:200:10.0 3:30.0:100
> [s6
0 m 4:30.0:20.0
om
5:30.0:30.0
y
Fig. 3.12: The Sheet “Field of boreholes” with the grid (1 line per meter).
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3.3.1 Inserting a background-map in 4 easy steps:

In the Full version of the program there is the possibility to insert a background-map. This map can
be scaled. The picture of the map has to be in the BMP-format and must be stored in the clipboard
first (e.g. by getting a ,print screen® of one of the existing GIS-browsers) and can then be pasted
into the sheet ,field of boreholes® by pressing on the middle mouse button (mouse wheel). Mac-
users (no mouse wheel), may choose “Mac” by clicking Info in the main menu: This will add a
button “Clipboard in the Field of Boreholes. In the next step the grid must be scaled to fit to the
inserted map. To do so, with the button S8 (,scale”) a well-known distance can be inserted in field
S9 and defined on the map by marking the starting point Mpl and the ending point Mp2 with the
left mouse button. With the buttons S6 and S7 the map and the grid finally can be set to the
favored size on the screen. Now we are ready to define the positions of the borehole as described
in 3.3.2. As soon as the first borehole is set, the background map cannot be changed any more. In
the following pictures the 4 steps to insert a background map are shown in detail:
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Fig. 3.13: 1. step: Store an appropriate map in Fig. 3.14: 2. step: By pressing the middle mouse
the clipboard (e.g. by getting a print screen of one button / mouse wheel into the sheet “field of
of the existing GIS-browsers as www.gis.zh.ch) boreholes” the clipboard is pasted on the screen.
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Fig. 3.15: 3. step, scaling the map: Choose 2 Fig. 3.16: 4. step: With the buttons S6 and S7 the
well known points on the map, define the distance map and the grid finally can be set to the favored size
of these 2 points (field S9) and mark the 2 points on the screen. Now insert the borehole positions as
by pressing the left mouse button on this points. described in 3.3.2. Note: As soon as the first borehole
Finalize this step by just clicking into the map. is set, the map cannot be changed anymore!

Bed_EWS55_Eng.doc 18 Huber Energietechnik AG


http://www.gis.zh.ch/

Program EWS, Ver. 5.5 @ Huber Energietechnik AG

3.3.2 Set coordinates on map

It is possible to define an own coordinate grid, if a background map was provided (according to
chapter 3.3.1). To do so, one must choose the button S27 “Reference”. Two fields with the
abscissa (x-axis) and the ordinate (y-axis) appear. These can be changed by the user and the
defined reference point can be placed on the map by a left mouse click.

ﬂ Programm EWS: Sondenancrdnung

M R Map | Temp-3 | Temp-2 ‘ Temp-1 | Temp ‘ Temprl | Temps2 | Temped o
Copy 2054 - L»-..[J\‘ 2023

Zl_J_.?_: show e |

2|
10 - grid -'"---..___“‘-\
delete :] w

Meighbor

|sohypsel

|sohypse?

seale

e

B0 - grid X
Z 20m - gri
m ngd r{?
10m - grid

Bm - grid

#m - grid
Bm - grid

£ 5m- grid |

/@
a‘?w R v L{?
/a.?/ 2173//”\ gﬁ/ s /

Fig. 3.17: The sheet “Field of boreholes” with the option to set an own coordinate grid.
Now boreholes can be placed according to chapter 3.3.3. The coordinates of the placed boreholes
will be defined relatively to the appointed coordinate grid and their position can be exported for
subsequent reproduction.

ﬁ Eingabedaten EWS

File Input  Import Results Windows Info example

Existing calculation

Earth properties (SWEWS) lktrach

Weather data from Meteonorm

-

Input

TRT
Calculstior EgparillEm [
Export borehole locations
Open Import borehole locations L
Input measured data |
Save Borehole depth IZW
Rerehnls diameter TEEa

To save the borehole positions, on must exit the field of boreholes window and click the “Import”
from the main menu, to then choose “Export borehole locations” and save this file to an appropriate
folder.

The location file can later on be imported (“Import” from main menu and “Import borehole
locations”) in a different EWS project with a different grid background or plan (chapter 3.3.1),
before the boreholes are placed. The new reference point must be set to be the same as the
original reference point placement, in order to secure the correct borehole placement.
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3.3.3 Set, dislocate and delete boreholes in a field of boreholes

It is possible to freely arrange up to 150 boreholes (600 in the Pro version) on a field of boreholes
by clicking with the left mouse button. Directly below each of the boreholes appears the borehole
number (counting up from 1 in the order of the borehole placement), followed by the x-coordinate
and the y-coordinate of the borehole. The x-coordinate and the y-coordinate correspond to the
distance in meter from the left, upper corner of the grid. With the button S4 the grid spacing can be
changed from 1 m to 10 m. Each borehole can be set with a precision of 10 cm and can be
dislocated with the mouse anytime. To dislocate the borehole, select the centre of the borehole
with the left mouse button and dislocate it, still keeping the left mouse button pressed. It is also
possible to delete boreholes. To do so, select the centre of the borehole with the right mouse
button and remove the borehole, while still pressing the right mouse button. Thereby, the
corresponding borehole disappears. Immediately, all other boreholes are newly numerated.

Clicking on the button S3, 3 concentric circles around each borehole appear, whereof the colors
give a hint about the g-value of the field of boreholes: Red indicates a high g-value and blue stands
for a low value. The color scale is not an absolute scale but a relative one: The highest value in the
field of boreholes always has the same red while the lowest value has the same blue. The colors
give a hint about the relative distribution of the temperature in the ground around the borehole.

It is possible to zoom in (button S7) and to zoom out (button S6) of the borehole field if the field of
boreholes is bigger than the displayed range. Thereby, the left, upper corner always keeps the
coordinate 0/0. The button “delete” (S5) deletes all boreholes.

By pressing the button S2 the whole sheet can be copied into the clipboard and thus be used for
reporting in other programs, such as Word. The sheet “Field of boreholes” can be quit with the
button S1, whereby all input data will be saved (number of boreholes, coordinates of the boreholes,
distances of the boreholes, g-function). The values of the g-function are transferred to the fields
1.15 to 1.19 of the sheet “Boreholes” and can be checked there.

,ﬁ“ Programm EWS: Sondenanordnung _ |0 ll
NN

I Exit S1

[ Copy [[S2

o

t

= 1 ;-
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T N . . .

T tom-orid [S4 ,‘1.40.'0 10.0 “2.5E|'E|.1EI.D “3.50'0 10.0.
t

[ delete S5
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Fig. 3.18: The sheet “Field of boreholes” with 21 boreholes. The “blue” boreholes give a higher
yield, the “red” boreholes give a lower yield.
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3.3.4 Subsequent change of display size

If different PCs with different display resolutions are used on the same project, it is possible that
the size of the background map needs to be adjusted.
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Fig. 3.19: Display of a background map that is too small

In this case the project must be saved and the program EWS closed. In a second step the project
must be reopened. In the sheet “field of boreholes” two scaling buttons appear after double-clicking
on the map. Sometimes this adds an additional borehole, which can be deleted as described in
section 3.3.3 with a right mouse-click and simultaneous dragging.
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Fig. 3.20: Scaling the background map with the scaling buttons (arrow buttons).

Bed_EWS55_Eng.doc 21 Huber Energietechnik AG



Program EWS, Ver. 5.5

@ Huber Energietechnik AG

3.3.5 Optimizatio

n of borehole fields

The procedure of the optimization of a field of boreholes shall be illustrated on a example with 5 x
10 boreholes. The blue colored boreholes have the highest yield. Boreholes with lower yields (they
are located in the centre of the field where the heat hardly flows to) are purple at the borders and
dark red in the centre. The button 1.12 shows a graph of the g-function which makes the
difference easily visible: The g-function can be reduced by 8% with the relocation of the 4 central
boreholes. This means that the borehole temperature in the balance condition in the right example

will sink 8% less, th

an the one on the left.
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giunction
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Fig. 3.21:

The comparison of 2 borehole fields with 50 borehole of 100m depth and 10m distance.

3.3.6 Calculation of a single borehole in a field of boreholes

There exists the possibility to calculate the g-function of a single borehole in a field of boreholes
(see Fig. 3.22) if the borehole field was defined according to the description in chapter 3.3.
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Fig. 3.22:
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The calculation of a single borehole in afield of boreholes.
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3.3.7 Neighboring boreholes and new borehole configuration in the Pro version

In the Pro version there is the possibility to consider neighboring boreholes. Thereby the program
EWS assumes that the neighboring boreholes have the same thermal load as the ones being used
in the present project. The description of the calculations is in Chapter 6.5.

Button S10, called “Neighbor”, appears only when a map is inserted according to chapter 3.3.2 in
the pro-version. Clicking this button switches you to the “neighbor mode”. In this mode all the
added boreholes are marked yellow, as neighboring boreholes. Neighboring boreholes do not
belong to the present project, but affect the g-function and the calculation result. By pressing the
button “Neighbor” again, the mode is set back to normal and boreholes of the present project can
be added again. Neighboring boreholes can be moved and deleted just as normal boreholes.
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Fig. 3.23: Input of neighboring boreholes (yellow) in the pro-version

In the pro-version an additional display format was implemented, which is suitable for mapping
entire districts with up to 600 boreholes. In this new display format, the boreholes are smaller. The
coordinates of each borehole are now only shown when a borehole is being moved with the
mouse. The borehole number can be enabled or hidden by pressing button S18. The new display
format can be activated by choosing the grid size of 5m to 50m with the buttons S11 up to S17.
The chosen grid size is marked in bold on the corresponding button (S11 to S17).
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3.3.8 Display of ground temperature in the pro-version

In the Pro version of EWS, the cooling down (or warming up) of ground temperatures after 50
years in the yearly average can be displayed. Color-wise, a cooling down and a warming up are
displayed equally. The seasonal temperature fluctuations near the boreholes, which result from the
load profile throughout the year, are not displayed. The fine, black lines mark isothermal lines, the
difference between these lines amounts to 1°K temperature difference. The color scale can be set
with the buttons S20 to S26. Ground temperatures can only be shown, if a map was previously
provided as described in chapter 3.3.1. With the button S27 a continuous fading of the map and of
the temperature fields can be set.
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Fig. 3.24: Display of ground temperatures after 50 years in the Pro version.

Ground temperatures can only be displayed correctly, if previously the borehole field was
calculated with the correct load profile. For this purpose the sheet ,Field of Boreholes® must be
properly closed with the button S1 after finishing the placement of the boreholes and a new
calculation must be carried out. After this the sheet ,Field of Boreholes“ can once again be opened
(see Fig. 3.11). The desired grid size can now be chosen (S11 — S17) and then with the buttons
S20 to S26 the ground temperature can be calculated and displayed. Buttons S20 through S26
differ only by the displayed color scale. By pressing button S19 or by changing the grid size, one
returns back to the plan view. Attention: The use of screenshot-tools (e.g. SnippingTool) is not
supported and can lead to a black screen. We advise the use of the ,Copy“-button S2 or the
,screenshot-function® of Acrobat Reader.
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3.3.9 Location Marker and Neighboring Boreholes with different Load Profiles

If the ground temperature is chosen (Pro version), one can set a location marker with Button S28
and a mouse-click on a chosen location. A red point appears on this location with the marker
“Stao”, followed by the coordinates and the temperature cooling after 50 operation years. This is
possible as well, in the continuous fade mode (Button S27).
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Fig. 3.25: Setting the Location marker S28 and display of the temperature cooling after 50 years.

If the marker is set, the yearly temperature cooling at this location can be exported in a file named
“Stao.ews”. For this, leave the sheet “Field of Boreholes” and on the Menu bar select Import ->
Export Temp Stao. By doing this, the file “Stao.ews” is written and saved. This is a text file and can
be opened with any text editor or Excel.

ﬁ Eingabedaten EWS

File Input Import Results Windows Info example A B C D
- . 1 |Family House with neighboring boreholes

ETEI E AT Load 2 |Year *-Koord y-Koord dT Stao [K]
Earth properties (SWEWS) na 3 0 1108 67.8 0
4 1 110.8 67.8 0

Weather data f et

input eather data from eonorm 5 ’ 110.8 678 0
TRT — 6 3 110.8 67.8 0
7 4 110.8 67.8 0
Calculatiar Export Polysun 8 5 110.8 67.8 0
Export borehole locations | g 6 110.8 67.8 0
0 Import borehole locations 3 10 7 1108 67.8 0
pen — 11 8 1108 678 0
Input measured data 12 9 1108 67.8 0
— 14 11 110.8 67.8 0
Import Ternp Stao 1135 15 12 1108 67.8 0
Rezults 1 - AN o7 6 A

Fig. 3.26: Export of the temperature cooling at the location of the Stao Marker into the file “Stao.ews”

For a new project planned at the location of the marker, one can now consider the influence of
neighboring boreholes by importing the file Stao.ews (Menu bar -> Import -> Import Temp Stao).
The temperature marginal condition for the simulation subtracts the yearly temperature cooling (4"
column in the file Stao.ews), thus, accounting for the influence of neighboring boreholes. The
influence of neighboring boreholes with different load profiles and different operation beginnings,
can be considered by superposition of the values in the 4™ column of the “Stac.ews” file.
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3.4 The sheet “Fluid”
The data about the borehole fluid and filling can be entered in the sheet “Fluid”.

# Eingabedaten EWS _|= il
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Temp es in the undi: bed earth: Temperature profile in the earth?  Yes (8 Mo
28 Annual mean airternperature [°C] 9.0 213
2.9 Additional warming of the surface ['CJ: 0.8
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12 Minimal borehole inlettermperature = 3.0 C
Clase
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Fig. 3.27: The sheet “Fluid”.

field 2.1 By selecting one composition of the fluid in the pull-down field 2.1 all corresponding data
(the heat conductivity, the density, the specific heat capacity and the kinematic viscosity of
the fluid) are inserted automatically. If the used fluid is not listed in the pull-down field 2.1,
there is the possibility to select “not defined” and to manually enter the values of fields 2.2 to
2.5.

fields 2.6/2.7 The required input in field 2.7 is the designed mass flow rate (cumulated mass flow
of all boreholes together). If this mass flow rate is unknown, there is the possibility to enter
the temperature difference between the borehole inlet and the borehole outlet temperature in
field 2.6. Immediately, the program adjusts the mass flow rate (field 2.7) using eq. 3.1 and
the inputs of the heat extraction rate (field 4.4), based on the temperature difference (field
2.6) and the heat capacity of the fluid (field 2.4). It is important to know that the program
does all calculations using the value of the mass flow rate (field 2.7). The value in field 2.7
can be changed anytime without causing an adjustment of other variables, while changes of
the other variables (fields 2.4, 2.6, 4.4) result in an adjustment of the mass flow rate.

Q

m= =
AT-C, eqg. 3.1

Hence, it is possible that the four variables are inconsistent and do not fulfill eq. 3.1 if the last
of the four entries concerned is in field 2.7. In such a case the program neglects the entry in
field 2.6 and calculates with the value of the field 2.7. But be aware that if the heat
extraction rate (field 4.4) is entered after the designed mass flow rate (field 2.7), the
program adjusts the value of the field 2.7 and no longer calculates with the desired mass
flow rate. Thus, check the mass flow rate after the three other variables are entered and
correct the value, if necessary. It is recommended always to enter the designed temperature
difference (field 2.6).
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3.4.1 The temperatures in the undisturbed ground

There are 2 methods to insert the data for the undisturbed temperature in the ground (starting
condition for the simulation):

1. Entering the annual mean air temperature (field 2.8), the additional warming of the surface
(field 2.9) and the temperature gradient ATerad in the ground depth (field 2.10). With the
mean air temperature, the dependency on altitude must be taken into account (reduction of
some 0.47K per 100m higher altitude). The mean air temperature and the additional
warming of the surface are simply added in the program. For the temperature gradient
ATerad, the geothermal heat flux ¢, and the thermal conductivity of the earth Aeann exists
the following correlation:

qgeo = ﬂEarth ) ATGrad I.\N/mz] eqg. 3.2

2. Directly entering the temperature profile in the undisturbed ground in a maximum of 10
points (fields 2.15). The surface temperature will in this case be extrapolated linearly out of
the first two inserted values and the temperature in the depth out of the last two inserted
values.

To change from method 1 to method 2, field 2.13 must be set to ,Yes®. In this case, the input fields
2.8 — 2.10 will disappear and the fields 2.15 and button 2.14 (,Graph®) will appear instead. With
these, the temperature profile in the earth can be defined.
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Fig. 3.28: Input of the undisturbed temperature profile in the earth out of a measurement.

(Example from a measurement of Dr. U. Scharli / E. Rohner [19]).
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3.4.2 Automatically calculated borehole length

The program EWS is able to automatically calculate the necessary borehole length according to
the norm SIA 384/6 [23], [24]. To do so, the simulation period in field 4.8 or field 10.15 has to be
set to 50 years and the minimal borehole inlet temperature in field 2.12 and the temperature
difference over the borehole in field 2.6 have to be set according to the norm SIA 384/6 (minimal
mean temperature of the brine must add up to -1.5°C, e.g. minimal borehole inlet temperature in
field 2.12 set to —3.0°C and the temperature difference in field 2.6 set to 3.0 K). To start the
calculation, the field 2.11 must be set to “Yes” and the calculation can be started with the button
“Calculation”. The program EWS now calculates the minimal borehole length with which the
imposed conditions are respected. The resulted length can be read in field 1.4.

3.5 The sheet “Info"

This sheet helps to specify the project, to describe the variant and to name the author as well as to
add some remarks (Buttons 5.1-5.4). This project description also appears on the Report-print
(see chapter 5.7). Additionally, using Button 5.5, an image in JPG or BMP format can be
uploaded. Alternatively, with Button 5.6, an image in image in the clipboard can be pasted. The
image appears in the report as well, which can be started with Button 5.7 (only Windows 8, 8.1 or
10)

ﬂ Eingabedaten EWS
File Input Import Results Windows Info example
f 2 3 4

Boreholes l Fluid I 5 1Earth | Extraction Info |
Tk Project info 5.2 IExampIe Report in Program EWS, Version 5.3
Description 5.3 IHeal Demand 8 ki, 190m » 40mm duplex]
Calculation Author 5.4 IHubet Energietechnik AG, Zuerich
Comment 5 Emage imported
Open ;
Picture (*JFG /<BMP) |-
S :
W Clipboard | 5.7
Results Print |

Close |

Fig. 3.29: The sheet “Info”.
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3.6 The sheet “Earth”

On the sheet “Earth” the thermal properties of the ground and the filling material can be defined.
Furthermore, the number of horizontal layers in the earth are defined on this sheet (field 3.1,
maximum 10 layers). The thermal borehole resistances R, and Ry are entered in the fields 3.4 and
3.5. If the borehole resistances are unknown, they can be calculated from the borehole geometry
and the properties of the filling material using two methods (see chapter 6.8). The relevance of the
borehole resistances is described in [13].

3.6.1 Basic Inputs

File Input Impert Results Windows Info example
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1 3
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. afwi/mbk] plko/m3]  cp/kak] 3.3 alw/mK] plko/m3]  cp koK) Ra[mKAw] Rb [miaw]Ro miiw
ech Heomogeneous (240 [2600  [1000 o [a0 [a040 [pooo  Joooo  [0.000
Save 37 [if unknown, leave blank]
& Equal layers 3.8 & Homogeneous earth 3|9 | * Homogeneous filing 3.10 {s Model of Hellstrom
Resuts ™ Mon equal layers i Inhomogeneous earth " Inhomogeneous filling " Input of thermal rezistances
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real  [kogdm3] [JAkgk]

3.14 biz200m [2.90C [2600 [1om0 [ 3.19 ~|

3.16 3.17 3.18

Cloge

:

Pragramm E%'S, Lizenz fur Huber Energietechnik AG 2 Huber Energietechnik AG, Zurich

Fig. 3.30: The sheet “Earth” (with a single, horizontal layer).

w

A First, the user defines the number of horizontal layers in the earth. The calculations
are executed using equal layers (see below). Calculations with only one horizontal
layer (and averaged properties) save computing time but provide less accurate
results (because of the coarse calculation grid). Nevertheless, this is often precise
enough for boreholes up to a depth of 100 m or for a first, rough dimensioning.

Due to numerical reasons the program EWS internally calculates with a uniform
calculation grid in the vertical direction of the boreholes, even if in field 3.7 unequal
layers are selected (which is possible only in the full version of the program). The
program EWS than internally averages the physical properties of the earth for every
vertical calculation layer (field 3.14 — 3.19). The averaging is done prior to every
calculation run. Thus, even in the case of a variation in the borehole depths, there is
no need for adjustments of the earth’s definition.
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3.2

3.3

3.13

3.4-3.6

“Properties of the earth”. The averaged physical properties of the earth (heat
conductivity A [W/mK], density p [kg/m3®] and specific heat capacity cp [J/kgK]) can
be entered in the field 3.2 if in the field 3.7 “equal layers” and in the field 3.8
‘homogeneous earth” are selected. In this case, the values are transferred
automatically to the fields 3.16 — 3.18. The program EWS always computes
internally with the values from the fields 3.16 — 3.18. If the user adjusts the values in
the fields 3.16 — 3.18 in a later phase, it might happen that the inputs (field 3.2 and
fields 3.16 — 3.18) are no longer consistent. In such a case, the values in the field
3.2 are ignored and they are adjusted in the next calculation run.

Furthermore, the program EWS calculates the arithmetic mean of the “properties of
the earth” for the whole borehole depth during each run. The results are showed
after the run in field 3.2.

Hence, on the one hand, fields 3.2 are an input assistance and on the other hand
they are an output field for the arithmetic mean of the physical earth properties for
the whole borehole depth. In no case a further calculation is made with these
values.

In field 3.3 the “properties of the filling” (heat conductivity A [W/mK], density
p [kg/m3 and specific heat capacity cp [J/kgK]) can be entered if in field 3.9
“homogenous filling” is selected (what usually is the case) or if the calculations are
done with a single horizontal layer. The “properties of the filling” are used for the
calculation of the thermal borehole resistances Ra and Ry, (see chapter 6.8).

The contact resistance Ry is an additional resistance between the borehole hole and
the filling. The value of Ry is always added to the value of Ry,

The borehole resistances Ra, Ry, Rc can be found in the fields 3.4 —3.6. The
definition of the resistances Ra, Ry, Rc are given in chapter 6.8.

The default setting of the program EWS calculates the borehole resistances with the
equations given by Hellstrom (see chapter 6.8, option field 3.10). In this case the
inputs in the fields 3.4 — 3.6 are ignored (there is no need for an input). The
borehole resistances are calculated prior to each run using the equation by Hell-
strém and considering the properties of the filling material (field 3.3), the mass flow
rate in the code case (field 2.7) and the distance between the pipes in the borehole
(field 3.12). The calculated values for Ra, Ry and R are showed in the fields 3.4 —
3.6 after each run.

The internal resistance Ra (field 3.4) and the resistance of the borehole Ry, (field 3.5)
can be entered if in the field 3.10 “Input of thermal resistance” is selected. In this
case Rc (field 3.6) must be set to zero. Otherwise the value for R. (field 3.6) is
used to calculate Ry (eq. 6.33) and the input of Ry will be replaced by this new Rp. In
case of any adjustment of the mass flow rate (field 2.7), Ra and R, (but not R;) are
set to zero and recalculated with the new mass flow rate (eq. 6.33), since R, and Ry
depend on the flow velocity of the fluid (by the heat transfer rate a). The detailed
calculation and all possible options are given in [5].
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3.10/3.12

3.11

There is no need to enter the values of the thermal resistances in the field 3.4 — 3.6
if “Model of Hellstrom” in field 3.10 is selected. In this case, the program EWS
calculates the thermal resistances in the next run. But the distance between the up-
going and down-going pipe (shank spacing, field 3.12) must be entered (see chapter
3.2.2) using the “Model of Hellstrom”. Generally, the default value for the pipe
distance can be used. The default value for the pipe distance is calculated from the
borehole diameter and the pipe diameter under the assumption that the pipes are
placed at the borehole’s wall. However, a later adjustment of the borehole diameter
is not automatically considered for the pipe distance.

With button 3.11 earth data of the Swiss molasses basin can be imported from the
program SWEWS [11].

Caution: The number of horizontal layers must always be entered before property
data from a SWEWS are imported.

3.6.2 Input of multiple horizontal layers

The earth is divided into multiple horizontal layers by entering the corresponding number (>1) in
field 3.1 (see Fig. 3.31). The maximal number of layers which can be defined is 10. The layers are
equally spaced if “equal” is selected in field 3.7. The option “unequal” in field 3.7 must be selected
to enter layers with variable depths (available only in the full version). The selected number of
layers also corresponds to the number of layers in the numerical calculation but these layers are
always equally spaced over the borehole depth (see chapter 3.6.1). The depth of the deepest
geological layer must always be = the borehole depth.
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Fig. 3.31: The sheet , Earth“ with 6 horizontal layers of variable thickness.
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Caution: The depth does not indicate the thickness of the corresponding layer but the
distance from the deepest point of the layer to the surface of the earth.

After defining the number of horizontal layers, data about their respective properties can be
entered into the suitable fields. It is possible to define layers which are deeper than the borehole
itself. These layers are neglected as long as the borehole does not reach them. Therefore, it is
recommended to enter the entire data of the known geology. This allows a later variation of the
borehole depth without a need for adjustment in geology.

A horizontal variation of the filling material can be entered by selecting “inhomogeneous filling” in
field 3.9. This option is only available if the layers are equally spaced what implies the selection of
“equal layers” in field 3.7. Similar to the division of the earth, a field with additional lines appears,
that can be used to enter the properties of the filling material (field 3.20) as well as of the borehole
resistances (field 3.21) (see figure below)

The default values are taken from the field 3.3 and 3.4 — 3.6.

3.16 The physical properties of the filling material can be entered directly into these cells.

3.17 The procedure to set the values of the borehole resistances Ra, Ry and Rc is analog
to the one for the fields 3.4 — 3.6 in chapter 3.6.1.

3.3-3.6 The arithmetic averages of field 3.20 and 3.21 are shown after each run in the fields
3.3-3.6.
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bis 13.3m [2.40C [2600 [1000 | =] fost [r1s0 3040 [oooo [oooo  [oodo
bis 16.7 m [2.40C [2600 [1000 | | fom JrE0 [ame0 [nooo  [oooo [o.0o
bis 20.0m [2.40C [2600 [1000 | ~| Josr e Ja0a0 [pooo  [oooo oo
3.14 3.16 3.17 3.18 3.19 3.20 391

Cloze
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Fig. 3.32: The sheet ,,Earth” with an inhomogeneous filling of the borehole.
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3.6.3 Physical properties of the earth input

A field for each horizontal layer appears, to enter its properties. Either the properties can be
entered directly (field 3.15 to 3.18) into the cells or an earth type can be selected from the pull-
down menu. The earth types in the pull-down menu are linked with the appropriate physical

properties (see Fig. 3.33).

Borsholzs ] Fluid Earth ] Extraction } Infar ]
- External earth data Borehole esistances
npu Number of horizontal layers: B 3.1 Pipe distance
seEws  B.11 [Shank spacing] ooen I 3.12

Calculation Properties of the earth:

3.2 alwimK] plkg/m3] cp lkak]

Homogeneous [gan 2000 W

Open

Save
" Equal layers 7

(¢ Mon equal layers

Uil

Results

A [wmi] P cp

Properties of the filling: Cortact resistance Rd 0000 [mi/@11.3

alw/mk] plka/m3] opli7kagk] Ra(mksw] Rb [mKA]Ro [mk A

33 e e e pep  [@w 3w
[if unknown, leave blank]
3.9 s Homogeneous filing s Model of Hellstram

" Inhomaogeneous filing 3.10( Input of thermal resistances

Depth real [ka/m3] [JAkgk]
00 m 0.80C |2000 (800 |dry rubble -
E00 m 1.60C (2200 (800 |(ENTeReE -
~
900 m 2.40C |2600 (1000 iy rubble
1200 m 2400 (2800 (1000 [humid rubble
molsing
150.0 m 2400|2600 |1000 T
silt
1800 m 2400|2600 11000 |(silt Ok
silt USH
3.14 3.16 3.173.18 fine sandstone 05SM
fine sandstone OMM Y

3.19

Fig. 3.33: The sheet ,,Earth” offers a selection of rocks in the pull-down menu.

The program EWS also offers the option to
new earth types with their own names and p

enlarge the library in the pull-down menu by adding
hysical properties (see Fig. 3.34). This can easily be

done by entering the data manually into the suitable cells (field 3.19). After a run, the new defined
earth types appear at the bottom of the pull-down menu.

1 Boreholes I 2 Fluid 3 Eath Ah Extraction 1 Slnfa ] water I
| Extemal earth data Borehole resistances
nput Number of horizontal layers: 3 3.1 Pipe distance
SwEWS 3.11 ['Shank spacing’) 0080 [l
Calculation Properties of the earth: Properties of the filling: Cortact [E%SITCE fid 305000 ?Emg"}w] §£§
3.2 alw/imk] plka/m3) cp [/kak] aPwimk]  plka/m3]  cp [J/kagk] Ha[m).(fW] Hb[r;wKM]Hc[.mK.-’\:\"
Tpen Homogeneows [0go [2000  [q00 3.3ne el (3040 o450 joms  [ooez
[if unknown, leave blank]
Save
" Equal layers ¢ Homogeneous filing * Model of Hellstrom
3.9 i 8.10
Resuls {* Mon equal layers " Inhamogeneaus filing " Input of thermal resistances

A [wimk] P cp

Depth eff real  [ka/m3] [J/kak]

[300 m[0s0 [o8oc [2000 [s00 [dy niotle -
[600 m [150 [150C [2200 [800  [humid clay -
300 m (3107 [310C [3000 1000 [EREEEETGE -

200 m [240 [2400 [2600 [1000 »|3.19
m [240" [2400 [2600 [1000 -

80.C m [240  [2400 [2600 [1000 -
14 3.153.163.17 3.18

o
=
=

w =

Fig. 3.34: The sheet ,,Earth”, nomenclature of rocks and the input of their property data.

3.15

If groundwater must be considered, and W1 in the field groundwater is clicked, an

additional column 3.15 appears with the ,effective thermal conductivity” Aes. Aett iS the
apparent thermal conductivity when considering the groundwater influence. Aei can
for example be defined by a thermal response test (TRT), whereas Awa (thermal
conductivity without groundwater influence) is defined e.g. by measuring a rock
sample. With groundwater, At is used for calculations inside the simulation radius
and M\ea is used for calculations of the g-functions, because in this area the

groundwater is accounted for separately.
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3.6.4 Creation of a user defined geological library

The program EWS offers the possibility to create a user defined, geological library with a maximum
of 30 different earth types and their physical properties. Once the library is established, it is loaded
automatically when the program is started and the entries appear in the pull-down menu (field
3.19).

The first step to establish a library is to create a table in excel with the name of the earth/ground
types and the appropriate physical properties (see Fig. 3.35). The names and the properties must
be entered below the header (row 2 —31). The names must be entered in the first column, the A-
values in the second column, the p-values in the third column and the specific heat capacity in the
fourth column. There are two different types of limestone (limestone region Baden and limestone
region Jura) defined in the example given below (see Fig. 3.35). The table must be saved as a text
file (*.txt) with the name “Geologie.txt” in the same folder as the program EWS. In a next step it
must be renamed to “Geologie.ews”. Thereafter, the created library is available in the pull-down
menu (see Fig. 3.36).

Caution: The program EWS can only deal with decimal points (no decimal commas). Entries
with decimal commas cause an error.
Hint: Change country settings to German (Switzerland)
| 1 |name lambda rho op =
| 2 |Limestone Baden 28 2400 1100
| 3 |Limestone Jura 238 2500 1350
| 4 |rock3 24 800 2200
| 5 |rock4 24 800 2200
| B |rockS 24 800 2200
| 7 |rock6 24 800 2200
| 8 |rockT 24 800 2200
| 8 |rock8 24 800 2200
| 10 rock 9 24 800 2200
| 11 |rock 10 24 800 2200
| 12 |rock 11 24 800 2200
| 13 |rock 12 24 800 2200
| 14 |rock 13 24 800 2200
16 [rock 14 2.4 800 2200
| 16 |rock 15 24 800 2200
| 17 |rock 16 24 800 2200
Fig. 3.35: Definition of the user-defined, geological library in the excel sheet “Geologie.ews”
l=IEq

File Input Import Ediion Windows Info

- IBoreholes|2 Flud  3Earth | gaaction| Sinfo |
3.11

External earth data Borehole resistances

Number of horizontal layers: 3 3 1
Calculat .
ieut=ion SWEWS Pipe distance 12 [p.0s0 [m]
{ .

'Shank spacing’
P rti f th rth: Pi rti f the filling:
OFIEH roperties o e eal roperties ol e hlling. 34 3.5 3.6
3.2 atwmi plka/m3] cpfkak] 3.3 AMImK] plkgim3] cplUkok] Ralmk/W] Rb [mAW]Rs mi/w

S Homogeneous [z 65 [eaz5 [r1e3 [o81 [1180 [3040 o424 o117 foozs

it ynknown, lsawve blank)
0. 10

7 28 20
= -0 S
" Equal layers (" Homogeneous sarth @ Homogeneous filling @ Modsl of Hellstrém

i

Resulis

@ Unegual layers @ Inhomogenenus earth " Inhomogenenus filling " Input of thermal resistances

Depth  APMMYmMK] plkg/m3] ep [J/kak]

394 B _m @ [es00 1380 [Limestone ura =]
T om fem J2400 [1100  [Limestone Baden |

600 m [za0 (2600 [1oo0 | =]
500 m [240 [2600 [1000 | =13.19
[iz00 m [z4n [zeo0 [too0 | =]
[eoon m [z4n [zso0 [toon | =]

3.16 3.17 3.18

Fig. 3.36: The sheet ,,Earth” with the properties from the user-defined library “Geologie.ews”
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3.7 The sheet “Extraction”
The load profile of the boreholes is entered in sheet “Extraction” (see. Fig. 3.37).

/' Eingabedaten EWS =) EI

Fle Input Import Edton Windows Info

-~ Emeho\es'z Fluid bEanh aﬂfﬁd\ﬂﬂl\s o |

Programm EWS, Lizenz fiir Huber Energietechnik  ® Huber Energietechnik AG, Ziirich

Create new load profile with the following values?
Calculation (it 'no” the data fram the inputfile will be taken) AT (e LA
Load profile taken out of the monthly heat extraction? e
Open (it 'no” is chosen, the daily running time must be given) 4.2 | ves ® hNo
5 Daily running time or monthly heat extraction (negativ for cooling)
ave
January 12 [hid] July 2 [h/d]
Fesulls Fabruany 1 [hvel] August 2 [hie]
darch g [hid] 4 3 September 3 [hid]
April 7 [hsd] : Ociober |—; [h/d]
May 3 [h/d] November l—g [hydl]
June 7 [hyd] December 11 [hid]
Heat extraction rate out of boreholes:
Heat extraction rate (in heating case) [kK\W] 4.4 [ho (positiv sign)
Heat injection rate (in cooling condition) [ki] 45 [o (positiv sign)
MNumber of days of peak load in Februany 4 6 A
Heat extraction rate in peak load [kiy] A7 o (peak load in February)
Simulation period: Simulation period [yébrd |5 max 60 years
Freecooling: Frescooling by ) ‘
Close neg. heat extraction  Yes & Mo 4.9 borehale inlettemperature [20.00 .10
\

Fig. 3.37: The sheet “Extraction” with the input of the daily running time of the heat pump.

4.1 If the question “create new load profile with the following values?” is answered with “yes”, a
load profile with the input data, which must be defined, is created. If the answer is “no”, the
program uses the hourly input data from an external predefined input file and a new input is
futile.

4.2 There are two options to create a load profile: The input of daily running time of the borehole
heat pump or the input of the monthly heat extraction.

4.3 The fields 4.3 require a daily running time (different for each month), if “no” is selected in the
field 4.2. A minus must be added to the running time in the correspondent months in which
the boreholes are used for cooling (which implies that heat is transferred to the borehole).

4.11 If “yes” is selected in the field 4.2, the fields 4.11 require a monthly heat extraction as an
input (see Fig. 3.38). The cooling load must be written with a minus in this option, as well.

4.4 The heat extraction rate in the heating case must be noted with a positive sign. If the heat
extraction rate is changed, the mass flow rate in field 2.7 (in the sheet “fluid”) is adjusted
automatically (see description 2.6/2.7).

4.5 The heat injection rate in cooling condition must be noted with a positive sign, too.
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4.6/4.7 There is an option to simulate the peak load in the heating case by calculating a non-stop
heating period. The duration of this period is defined in days with the input in field 4.6. The
period always is simulated at the end of February which is the coolest period of the year. The
field 4.7 defines the heat extraction rate during this period (which is nhormally equal the heat
extraction rate in field 4.4).

# Eingabedaten EWS —|= EI

Fle Input Import Edton Windows Info

- lBurEhu\eQ Fluid 3 Earth &Xﬁﬁﬂlmd Infa |

Create new load profile with the following values?
Calculation (if 'no’ the data from the input file will be taken) 4.1 CAE ®
Load profile taken out of the monthly heat extraction? ;
Open (if 'no’ is chosen, the daily running time must be given) 4.2 ® es  No
5 Daily running time or monthly heat extraction (negativ for cooling)
ave
January 972 [kih] July 62 [kivh]
Results February 334 [kih] August [ [kiwh]
March 279 [kiwh] Septerber ai [kitwh]
4.11

April 210 [Kivh] October 217 [kitwh]
[T 93 [kiAh] MNowvermber 270 [kitwh]
June 50 [Kivh] December 341 [kiivh]

Heat extraction rate out of boreholes:
Heat exiraction rate (in heating case) [k'] 4.4 1.0 (positiv sign)
Heatinjection rate (in cooling condition) (K] 4.5 1.0 (positiv sign)
Number of days of peak load in February 4 6 A
Heat extraction rate in peak load [kW] 4.7 1.00 (peak load in Fehruary)

Simulation period Simulation period e8] |3 max, Bl years

Close Freecooling: Freecooling by 1 9 4 10
g it eiaet  Yes (@ Mo 4. borehals inlst temparature [20.00 B
Programm EWS, Lizenz fiir Huber Energietechnik.  ® Huber Energietechnik AG, Ziirich
\

Fig. 3.38: The sheet “Extraction” with the input of the monthly heat extraction

4.9/10 Field 4.9 activates a maximum limit for the borehole inlet temperature, which is defined in
field 4.10. If the borehole inlet temperature exceeds the defined limit, the program EWS
reduces the cooling rate until the maximum temperature condition is met. On the rate-
output-graph the desired rate is marked purple, the provided rate is marked green,
resulting in the ,Coverage of the cooling demand” on the result page. The function is
identical with the fields 10.28 and 10.29 on the page ,Load".

Termperatur ['C] Juli Sundenrucquauf Entzugsleistung [ki] Jul Sondenriicklauf
an - Ciuellen- und Riicklauftemperatur ¥mm :_39531% 5 - Entzugsleistung & Bedart Thdin =-9.3 C
Limitation Inlet temperature | hﬁx'j . Thiex =351"C
anr= Jahr=3
% Jnnnie | i 1
24 5 4
16 ) 4
3 -+ ] 4
0 T 0
-8 T -1
A5 T+ -2
Green: provided cooling rate
24 4 -3 . - .
Purple: desired Kiihlenergie =-529 [kiwh]
a3 4 4 4 cooling rate Heizenergie = 0 [kih]
Tage Tage
-40 t t t t t t t t t i 5 t t t t t t t t t {
0 3 [ 9 12 16 19 22 25 28 | 0 3 & 9 12 18 19 22 25 28 31
LArthur Huber mit Prog EVWS @ Huber Energietechnik AG, Zurich Larthur Huber mit Prog EWW'S  © Huber Energietechnik AG, Ziirich

Fig. 3.39: Limitation of the maximum borehole inlet temperature in the cooling case.
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3.8 The sheet®

3.8.1 Creation of aload profile suggestion in the program EWS

‘Load”

The full version of the program EWS offers alternatively to the direct input of the heat extraction in
the sheet “Extraction” (chapter 3.7) another possibility to enter the borehole load. Thereto, the
sheet “Load” can be opened under the pull-down “Input” (see Fig. 3.40). The sheet “Load” requires
the monthly heating energy as an input, to calculate the heat extraction of the boreholes using the
given COP of the heat pump. The sheet “Load” cannot be combined with the sheet “Heat pump”.

File

Fig. 3.40: The selection of the sheet “Load”.

/ Eingabedaten EWS

Input  Import Ediion  Windows Info
Boreholes

Fluict

Earth Fluid Ee
Simulation

Extracton new load proi
Farameter he data fram the
Info

rofile taken o
s chosen, the de

Wentilation schedule
Direct coooling
Heat pump
pressure drop

unning time or

o

B
o

Field of boreholes
single borehole in a field

April 210
My an

The sheet “Load” appears (Fig. 3.41) and the sheet “Extraction” is hidden.

# Eingabedaten EWS

Input
Calculation
Open
Save

Results

Close |

Pl i

Fle Imput Import Ediion Windows Info

@Drehmeale\u\d |3Earth 10-o=d |5InfD |

Create new load profile with the following values?
(it 'no’ the data from the input file will be taken)

10.2 hesting energy withouttsp water W[k\f\f'h]
lgnn—[k\f\f‘h]
lu—[kWh]
10.5 cooling energy without base load W[k\f\f’h]
ln—[kWh]
g [y

10.3 heating energy for tap water

10.4 hase load heating energy

10.6 base load cooling energy

10.7 days of peak load

0.1

COPatfullload  [380 10 g
COP faor tagp water IT].OQ
COF for heating mo
EER far coaling MO

Simulation period [years] |3 max. E0years 10.15

full load heating rate

tap water heating rate [1 3 [kv] 4

heating power partload |1 3

cooling capacity

Monthly heating and cooling energy (without tap water, always as positive number):

heating coaling
10.16 January 133 ID—[kWh]
10.17 February 270 lu—[kWh]
10.18 March 252 o[k
10.19 april |m— ID—[kWh]
10.20 May |27— lag—[kWh]
10.21 June

|E 240 [kiivh]
Freecooling: 10.28

heating
July ln—
August IU—
September IU—
October l]gn—
MNervember |252—

December 315

cooling

|429— [kwh110.22
ISBU— [kiwh110.23
lzn | kwh110.24
[o [<Wh]10.25
lg— kwh110.26
l”— [kwh]10.27

borehale inlettermperature (20.00 ’010.29

1.3 4140.11
0.12

10.13
10.14

[k]

25 [ki#]

Frogramm EWWS. Lizenz flir Huber Energietechnik

® Huher Energietechnik AG, Zurich

|
Fig. 3.41
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In the sheet “Load” the monthly heating and cooling energy demand is defined. In contrast to the
sheet “Extraction”, the heating and the cooling energy in the sheet “Load” are in kWh and both with
a positive sign. The program EWS calculates a load profile for an intermittent mode under
consideration of the COP, the energy demand and the heating and cooling load of the heat pump.
Excluded from this intermittent load is the base load (field 10.4 and field 10.6) which influences the
load profile independently of the installed heating or cooling power. In the heating case, the
borehole heat extraction rate is reduced by the compressor power load which can be calculated
with the COP. The heat injection rate in cooling condition is increased by the compressor power
and is calculated with the EER (COP-1).

The mass flow rate (field 2.7) is adjusted to the heat extraction rate considering the eqg. 3.1 and the
temperature difference (field 2.6) (this means a variable mass flow rate).

10.1 If the question “Create a now load file with the following values?” is answered with “yes”, the
load profile is calculated with the values from the fields 10.2 — 10.27. If the answer is “no”,
the load profile is taken from the input file and the inputs 10.2 — 10.29 are ignored.

10.7 Duration of the peak load (non-stop operation) at the end of February.
10.8 COP of the heat pump during the full load (10.11). Corresponds to the code case (full load).

10.10Input of the EER of the cooling machine (= cooling-COPc, i.e. the ratio of the cooling energy
and the consumed electric power). There a high value should be entered (e.g. 999) if the
freecooling option in field 10.28 is selected.

10.11The performance (rate) during the maximal load, end of February. The duration is defined in
the field 10.7.

10.13The performance (rate) during a part load. This heat extraction rate is rounded so the total
heating energy of 10.16 — 10.27 can be met.

10.15The duration of the simulation (maximal 200 years). Always the last year of the period is
evaluated.

10.28The cooling temperature of the borehole inlet is limited if the freecooling option is selected.
The percentage of coverage of the cooling demand can be seen on the sheet “Results”. This
can also be used, to limit the borehole inlet temperature in the case of active cooling.

10.29 The borehole inlet temperature in the freecooling case. Attention: The borehole inlet
temperature mostly is lower than the return temperature of the cooling loop (because of the
heat exchanger).

10.30 Mean COP of the heat pump in the heating period (at part load 10.13).

Extraction [kw] Inlet Temp.

;" July TMin = 2.1°C
TMax = 13.9°C
o+ year =3

Ll
[
3
0 [ [
3
f
9

Heat energy = 400 [kwh]

Cooling energy = 886 [kWh]
12 4

days
-15

03 8 9 12 16 19 2 % A&/ A
[Huber Energietechrik AG mitProg EWS @ Huber Energietechnik, Ziirich

Fig. 3.42: The extraction rate profile of an intermittent mode, created with the sheet “Load”.
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3.8.2 Input of own load profile in hourly steps

The program EWS offers the possibility to create hourly load profiles for the heat withdrawal from
the boreholes. This can be done following the next steps:

File Input Import Results Windows Info  example
Borcholes Fluid Earth Load ] Info
Create new load profile with the following values? - ~
Input [if "no’ the data from the input file will be taken) ves o
heating energy without tap water [kWh]  COP at full load full load heating rate [k]
Calculation 1800 380 13
heating energy for tap water EOD [Kiwh]  COP for tap water 280 tap water heating rate 1.3 [kiwi]
Open baze lnad heating energy 0 [k¥h]  COP for heating 420 heating power part load 1.3 [k*]
cooling energy without base load 1200 [kwh]  EER faor cooling 200 cooling capacity 25 [kiwi]
Save > ) .
baze lnad cooling eneray i} [k¥h] i Kiiklfall [kads] Q.000 Spez. Sondenbelastung 4789 [
Resuls 73 [Lebl
days of peak load 2 [dayz] DT im Kihlfall [K] 300 Simulation period [years] |3
days of peak load in August 0 [dayz] EER at full load 3.00 full load coaling rate 25 [k*]
Monthly heating and cooling energy [without tap water, always as positive number]:
heating coaling heating cooling
Januar}' r I [} — r Ik |
33 0 Information et
February 270 0
tarch 252 0 '.6.' Berechnung unter dem Mamen "C:\Users\huber\DesktophExp.tet" gespeichert!
April IV ’D_ =
May 27 B0
June i 240
<losz Freecooling: | © ez & Mo borehole inlet temperature (2000 °C Feld Aufteilen: |  yez (% Mo

Frogramm E*'S, Lizenz fur Huber Energietechnil G 2 Huber Energietechnil 4G, Ziinch
Fig. 3.43: Input of own load profile: 1. Save Calculations.
In a first step all the inputs for the calculation are defined and the calculation is saved. In this case,
it's the file “Exp”. After this the program EWS is closed.

In the next step the saved file, “Exp”, is opened with Excel. Important is to notice it is a .txt file.

«— w <« huber » Desktop » Example File w D Example File" durchsuchen 0

=~ [ @

Typ

Organisieren = Meuer Ordner

Benutzer -~ Mame Anderungsdatum

arthur = Expit

19.01.2018 14:29 Textdokurnent
Default.migrz
huber
.pdfsam
NirtualBox
J 2D-Objekte

Apoplication ¥ € &

Dateinarne: | Exp.td o Textdateien (*.prn; ™.t *.csv) -

Tools Offnen |v Abbrechen

Fig. 3.44: Input of own load profile: 2. Open saved file in Excel.
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The saved file can be opened with Tabstopps as separation sign:

Textkonvertierungs-Assistent - Schritt 1 von 3

Der Textkonvertierungs-Assistent hat erkannt, dass Ihre Daten mit Trennzeichen versehen sind.

Wenn alle Angaben karrekt sind, klicken Sie auf "Weiter ', oder wahlen Sie den korrekten Datentyp.

Urspranglich

dhlen Sie den Dateityp, der |hre Daten am besten beschreibt:
@:\ - Zeichen wie z.B. Kommas oder Tabstopps trennen Felder [Excel 4.0-5tandard].
O Eeste Breite - Felder sind in Spalten ausgerichtet, mit Leerzeichen zwischen jedem Feld,

Abbrechen

Import beginnen in Zeile: |1 ~
|:| Die Daten haben Uberschriften.
Vaorschau der Datei Ch\Users\arthur\Desktop'\Beispiel5\Bsp5.txt.
5.0 Version des ARusgabefiles, Programm EWS a
N3 x 140, 40 mm doppel-U, 35 kW Heizleistung, aktive Eihlung
W5 Furs: Beispiel 5
uber Energietechnik 2E, Zuerich
W

Fertig stellen

Fig. 3.45: Input of own load profile: 3. Saved file with Tab stops

In Germany and Austria Excel settings must be changed to the decimal point (in Switzerland this is

not necessary). For this, open “Data” in Excel, then “Options”, “Advanced”,

Remove the selection “Use system separators”, then add the decimal separator

“Editing Options” and

Excel Options ? X
~
General Editing options
Formulas i .
After pressing Enter, mowve selection
Proofing Direction: |Down| w
Save [] Automatically insert a decimal point
Language Z o
Advanced Enable fill handle and cell drag-and-drop
Alert before overwriting cells
Customize Ribbon . i .
Allow editing directly in cells
Quick Access Toolbar Extend data range formats and formulas
Add-lns Enable autematic percent entry
¥| Enable AutocComplete for cell values
Trust Center - P
Automatically Flash Fill
[ Zoem on roll with IntelliMouse
Alert the user when a potentially time consuming cperation occurs
When this number of cells (in thousands) is affected: |33,554 =
[] Use systern separators
Decimal separator:
Thousands separator: v
oK Cancel

Fig. 3.46: Input of own load profile: 4. Changing Excel settings to deci
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The calculation parameters are in the first 1000 lines of the file. Starting form line number 1001 the
hourly values follow.

A B C D E F G H J
932 | 0°Cc Starttemperatur der 4. Schick Starttemperatur[4]
993 | 0°C Starttemperatur der 5. Schick Starttemperatur]5]
994 | o°c Starttemperatur der 6. Schick Starttemperatur[6]
985 | 0°C Starttemperatur der 7. Schick Starttemperatur[7]
996 | 0°C Starttemperatur der 8. Schick Starttemperatur[8]
997 | 0°c Starttemperatur der 9. Schick Starttemperatur[9]
998 | 0°C Starttemperatur der 10. SchiiStarttemperatur[10]
999 | 6.00E+01 °C Warmwasser - Temperatur WWTemperatur
1000 0.00E+00 W/mK scheinbares Lambda Erde derlambdaErde_eff[10]
1001 |Step M [kg/s] TSink max [°C] Qsoll [kW] TSource [°C] TMonitor p [Pa] laminar? Qeff [kw] TSink eff [°C]
1002_ 1 4,187 7.488 45,234 10.501 11.71 9832 TRUE 45,234 7.302
1003 2 4.187 7.186 45.234 10.2 11.5 9832 TRUE 45.234 7.2
1004 3 4,187 7.007 49,234 10.021 11.26 9832 TRUE 49,234 7.021
1005_ 4 4,187 6.873 45,234 9.886 11.25 9832 TRUE 45,234 6.887
1006 5 4.187 6.761 45.234 9.775 11.15 9832 TRUE 45.234 6.775
100?_ 6 4,187 6.664 49,234 9.678 11.06 9832 TRUE 49,234 6.678
1008 | 7 4.187 56.582 45.234 5.596 10.595 9832 TRUE 45.234 6.596
1009 8 4,187 6.507 49.234 9.521 10.92 9832 TRUE 49,234 6.521
1010_ 9 4,187 6.4328 45,234 9.432 10.86 9832 TRUE 45,234 6.4532
1011 10 4.187 5.376 45.234 59.35 10.8 9832 TRUE 45.234 6.35
1012 | 11 (0] 9.373 0 11.978 11.98 0 FALSE 0] 11.978
101 3_ 12 o 11.963 o] 12.424 12.42 0 FALSE 0] 12.424
1014 12 (4] 12.409 0 12.639 12.64 0 FALSE 4] 12.635
1015 14 o 12.623 o] 12.774 12.77 0 FALSE 0] 12.774
1{'!16_ 15 0 12.759 0 12878 1288 0 FAISF 0 12.R78

Fig. 3.47: Input of own load profile: 5. Starting from line 1001 the hourly hours are saved.
The hourly mass flow rate (total value in kg/s) is shown in column B, the maximum borehole inlet
temperature (limit value upwards) is shown in column C and the hourly withdrawal rate (positive
prefix) or energy insertion (negative prefix) in the boreholes (total value over the hours in kWh) are
shown in column D. These can now be adapted.

A B C D E F G ‘ H | J
992 0°'C Starttemperatur der 4. Schict Starttemperatur{4]
993 0°*'C Starttemperatur der S. Schict Starttemperatur{S]
994 0°‘C Starttemperatur der 6, Schict Starttemperatur(6]
995 0°'C Starttemperatur der 7, Schict Starttemperatur(7]
996 0°'C Starttemperatur der 8. Schict Starttemperatur(8]
997 0°C artressperatur der 9, Schict Starttemperatur({9)

998 ¢ der 10, SchirStarttemperatur{10]
999 6.00€401 qperatur  WwWTemperatur
1000 0.00E400 W/mK scheinbares Lambdarde detlambdatrde_eff[10]

1001 Step M [kg/s] TSink max [*C] Qsoll [kW]  TSource [*C] TMonitor p[Pa) laminar? Qeff [kW] TSink eff [°C)
1002 4.187 10.501 11.71 9832 TRUE 49.234 7.502
1003_ 4.187 10.2 11.5 9832 TRUE 49.234 7.2
1004 4.187 10.021 11.36 9832 TRUE 49.234 7.021
1005 4.187 9.886 11.25 9832 TRUE 49.234 6.887
1006 4.187 9.775 11.15 9832 TRUE 49.234 6.775
1007 4.187 9.678 11.06 9832 TRUE 49.234 6.678
1008 4.187 9.596 10.99 9832 TRUE 49.234 6.596
1009 4.187 9.521 10.92 9832 TRUE 49.234 6.521
1010 4.187 9.452 10.86 9832 TRUE 49.234 6.452
1011 4.187 9.39 10.8 9832 TRUE 49.234 6.39
1012 0 0 11.978 11.98 0 FALSE 0 11.978
1013 0 12.424 12.42 0 FALSE 0 12,424
1014 0 12.639 12.64 0 FALSE 0 12,639
1015 0 12.774 12.77 0 FALSE 0 12.774
M6 0 12.878 12.88 0 FAISF 0 12.878
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Now the adapted load profile can be saved. Excel will ask if the file shall be saved as “Text File”,
this must be answered with “Yes”

45
Microsoft Excel

=5

RN ). may contain features that are not compatible with Text (Tab delimited). Do you want to keep the workbook in this format?

'0 = To keep this format, which leaves out any incompatible features, click Yes.
& .10 preserve the features, click No. Then save a copy in the latest Excel format.

= To see what might be lost, click Help.
GEPprajirs

Input of own load profile: 7. Saving new load profile as .txt file.

!5

Fig. 3.49:

Now Excel can be closed. Now Excel will once more ask you if the file shall be saved in "Excel
Format”. This must be answered with “Don’'t Save”

-
[ Microsoft Excel Iﬁ1
! Do you want to save the changes you made to
lsx'?
[ Save ( ] [ Don't Save ] [ bancel ]
“ ; ; —

Fig. 3.50: Input of own load profile: 8. Leave Excel without saving!
Now open EWS once more and load the previously saved text-file.

B g Vo d ond
D g ——
ge dP gsbiiro sk e S aaa e
pite 6 S
80
D ag R P 3] R | [P Y FELE = 7 s i)
Neues Projekt T P2 27 — S
.................................................................... g 7 N s e el ps Vil
Projekt laden | / 12 13 14 15,
Info
Beenden
? k! 4 [= [
ﬂ Open x
Lookin: | | Example File - £k B~
MName . Date modified Type Size
=] Exp.bt 19.01.2018 14:29 Text Document 5326 K
< >
e |
Files of type: |Taxtdate\en j Cancel

Fig. 3.51: Input of own load profile: 9. Load saved Text File in EWS
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Now go to the page “Load” and set 10.1 to

¥ Eingabedaten EWS

File Input Import Results Windows Info example

Boreholes Fluid ] Earth Load l

Create new load profile with the following values?
[if "nio” the data from the input file will be taken)

[aon kwhi
Goo kwh
o kwh
200 Kwhl
0 kwhl

2 [days]
i) [dayz]

Input

. heating energy without tap water
Calculation

heating energy for tap water
Open base load heating energy
coaling energy withaut baze load

Save )
base load cooling energy

Resultz

el

daysz of peak. load

dayz of peak. load in August

Monthly heating and cooling energy [without tap water. always as positive number]:

heating cooling
January 33 'D— [kiwh,
February IT ID— [k,
March 252 'D— [kiwh,
tip o o kwh
ay ’2?— ’BD— [Kih]
Jure

[ 240 [Kwh]

Close =

:

Freecooling:

borehole inlet temperature |2000  °C

13 No”
Infa ]
COP at full load 380
COP for tap water 280

COP far heating
EER far coaling
rn Kiihlfall [kadz]

DT im Kiihlfal [K]
EER at full load

EERLEE

.00

heating
July lg—
August lg—
September lg—
October 180
MNovember 752
December 15

Feld Aufteilen:

10.1

full load heating rate

,T [k
,T [kiw]
,T [kiw]
,T [kiw]
[47.88  [wi/m]
’T [kwh
Simulation period [vears] ’3—

full lnad cooling rate ’T [kha]

tap water heating rate
heating power part load
coaling capacity

Spez. Sondenbelaztung

cooling

,W [kxh]
,W [kwh]
,T [kxh]
,D— [kxh]
,u— [kh]
,D— [kwh]

” Yes (¥ No

Programm E*S, Lizenz fiir Huber Energietechnik 4G
Fig. 3.52:

& Huber Energietechnik 4G, Zinich
Input of own load profile: 10. Page “Load”, Nr. 10.1 set to “No”.

If the temperature of the borehole inlet should be limited upwards, Freecooling must be set to “Yes”
(10.28). If the maximum borehole inlet temperature must be taken from the input file, 6.18 on the

page “Simulations” must be set to “Yes”

¥ Eingabedaten EWS

File Input Import Results Windows Info example
Boreholes Fluid Earth Load Info Sirnulation
Steady or unsteady calculation of the Huid
Input
Steady calculation? * ‘ez O Mo

Calculation

Iteration of borehole heat extraction rate’?

Open [heat extraction rate given)

¢ Yes " Mo

Save Serial linking up of boreholes

Mumber of boreholes linked up

Results Antifreeze: © Yes & Mo

el

Minimal borehole inlet temperature =

supplementary heating system |0 kwih

Calculation of th I tesp ~

Thermal responze? " Yes * No Heat extraction step: [ 95 [0

Diuration of thermal responze ~ 1h & 1 manth Temperature step: |20.00 T
Size of input file:

Murnber of time steps on the input file

. . 8760 Format Metenorm: Standard | @ Yes © No

Simulation period:

Estimate the temperature starting condition |~ Yes & Mo

[Fast calculation with less precizion]
additional cooling 8 7

oy e .  Yes & Mo EDF‘[heatlng] o.f add. cooling 350

[if freecoaling is nat enough) %i@verage is beneath 0.70 [0..095)

Cloze

:

Max. TSink from input-file?

300 T

Input of borehole inlet temperature or heat extraction rate?

T

COP at minimal borehole temperature |99939.00

Programm E'WS, Lizenz fiir Huber Energietechnik AG
Fig. 3.53:

Bed_EWS55_Eng.doc

@ Huber Energietechnik. AG, Zurich
Input of own load profile: 11. Set 6.18 to “Yes” on page Simulation.
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If the simulation is now started, the inputs to the page “load” are ignored and the values for the
load profile in the external load file are considered. This is also visible in the graphical output. In
our example in the first week of January a constant heat performance of 50 kW was set for the
energy insertion into the borehole and the maximum borehole inlet temperature was set to 21°C.
This leads to the fact that after the third day the 50kW heat performance are not delivered entirely.

Temperatur [C] Inlet Temp.
January THin =1.9°C
ki J— ;
Fluid temp. Thlax=31.1°C
ear =3
28 4
2 4
14 ] “
7 4
a 4
7 4
14 4
21 4
-28 4
Tage
35 I I I I I ! I I I |
T T T T T T T T T 1
a 3 g | 12 18 19 2 28 28 il
Huber Energietechnik 4G mit Prog E\WS  © Huber Energietechnilk 4G, Ziirich

Fig. 3.54: Input of own load profile: 12. Calculation
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3.8.3 Restoration of an existing borehole field

In the following section an example is shown on how an overloaded borehole field can be restored
with solar-thermal collectors after 20 years of operation. The load profile must be changed to a
different profile for the 21 year and the following.

In a first step the load profile for the first 20 years needs to be defined:

Create new load profile with the following values?
[if "no” the data from the input file will be taken)

heating energy without tap water 52000 [kwh]  COP at full load 515 full load heating rate | 2a0 [kw]
heating eneray for tap water 12600  [Kwh] COPfortapwater |2 90 tap water heating rate | 2san  [kw]
base load heating energy 0 [kw/h]  COP for heating 480 heating power part load | a0 [kw]

cooling energy without base load 0 [kw'h]  EER for cooling 300 cooling capacity | 25 [kiw]

* VYes " No

base load cooling energy 0 [kw/h] i Kuhifall [ka/s] 0.000 Borehole load |1 128.1¢ [wi/m]
[2471.1 Bewh/m
days of peak load 1 [days] DT im Kiihlfall [K] 3.00 Simulation perod [pears] |20

days of peak load in August 0 [days] EER at full load 300 full load cooling rate |2.5 [k

Monthly heating and cooling energy (without tap water, always as positive number):

heating cooling heating cooling
January [9520 ||] [Khwih July | 0 | 0 [Kiwh]
February (7800 [0 [Kwh] August o [0 [kiwih]
March 7280 [] [Kwh] September 0 0 [kiwh]
April [4940 |0 [kiw'h] October | 5200 [D [kiwh)
May [?gg ||] [K'w'h] November | 7280 | 0 [K'wh]
June [0 |0 [kiwh] December |91 odl [D [Kiw'h]

Fig. 3.55: Load profile prior to restoration measures

['t] tindhdaw TSink tz =RB.0[3]

0 1 2 3 4 5 g 7 i 3 10 1 12 13 14 15 16 17 18 15 20

Huber Energietechnik mit Prog EWS € Huber Energistechnik AG, Ziirich years [a]

Fig. 3.56: After 20 years of operation a minimal borehole inlet temperature of -5.8 °C is reached.
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This simulation-case is saved as “prior to restauration measures”:

4 Speichern unter X
Speichem I vor_Sanierung j = R

Mame - Anderungs... Typ Grofe

. = Berechnung_vor Sanierung.tet  26,09.2020 ... Textdokument 522 KB i
Dateiname: |Berechnung_mr_Sanien_lng.txt Speichem
Dateityp: ITe:n.‘tdateien ;I Abbrechen Lﬂ

Fig. 3.57: Saving case with load profile “prior to restauration measures”.

In a second step the load case for the restauration measures are defined and saved under a new
file name. In the shown example, 100 m2 unglazed solar-thermal collectors shall be used to
recuperate the bore hole (menu > Windows - solar collectors):

Boreholes ] Fluid | Earth ] Load I Info Kollektoren |
solar collector |Energie Solaire Kollektor AS (SPF C1209)  +|
‘Weather data from Meteonorm Meteo data |
calculate with solar collectors & Yes " No Offset weather data 0 [k
10% include the losses: o
Yes " No glazed collectors
unalazed collector & Yes " Mo collector coefficient Etal |[I.825
beorber area total G000 2] collector coefficient al II].EI[I [ /m2K]
collector coefficient a2 ||J,D|JU|J [ /m2K.2)
absorber area of 1 collector |1.EIBE [m2] unglazed collectors
number of paralel connected collectors |‘|.D collector coefficient bu 0.0120 [s/m)]
azimuth direction of collectors W [] o paile il 11.260 ]
collector coefficient b2 |2_450 [w's/m3K]
inclination angle of collectors |45.0 [
. domestic hot water - -
cp of collector fluid 3900 W7kak) oakcLis aolar watms haating? {° Yes (s Mo
wind speed u |1_5 [m#s] 13t priotity on tap water { Yes ¢ No
temperature of domestic hot water |EU ['C]
system integration size of solar heat exchanger |3, 0 [m2]
* |1IIIIZIJIII [w//K]
i R e A k per m2 solar heat exchanger |1 0o [\ /Km2]
counter flow of heat exchanger 0.50
i |1 ooo Liter
temperature difference of heat exchanger  |0.00 [K] =z ol sot storage Lank [Liter]
max. borshole irlet \emparatuee 530 () losses of solar storage tank |IJ. 010 [1/h]
collector flowrate 171 (ka/s] demand of domestic hot water |?UU [K\whta]
proposition of collector fowrate G solar generated hot water L [K'wWh/a]

Fig. 3.58: Definition of the system after the restauration measures (e.g. 100m2 unglazed solar

collectors)

Bed_EWS55_Eng.doc 46

Huber Energietechnik AG



Program EWS, Ver. 5.5

@ Huber Energietechnik AG

This case is now saved as “after restauration measures”:

4 Speichern unter X
Speichem | nach_Saniemng ﬂ R

Mame a Anderungsdatumn Typ

i =| Berechnung_nach_Sanierung.txt 26.09.2020 18:33 Textdoku
€ >
Dateiname: |Berechnung_nach_5.anien_|ng fat
Dateityp: |Te:.'tdateien j Abbrechen

Fig. 3.59: Saving case (load profile) after restauration measures

In a third step the simulation of the first years is imported as “hourly data” to the current case. This
is done by navigation in the menu to “Import” = “input hourly data” and select the case “prior to

restauration measures”:

ﬂ Eingabedaten EWS

File Inp Results Windows Info example
Efisting calculation
Earth properties (SwEWS)
Weather data from Meteonorm
Input
TRT
Calculatior EETE R

Export borehole locations

Open
Input hourly data

Maps  Offset weather data

Load | Info Kollektoren 1

Save

Results

absorber area of 1 collector

number of paralel connected collectors

azirnnith direction af collackars

Kollektar &5 (SPF C1209) j
Weather data from Meteonom

* Yes T No Offset weather data
& Yes " No glazed collectors
@ Yes (™ Nao collector coefficient EtaD
collector coefficient a1
|1EID. 0o [m2]
collector coefficient a2
|1‘EIBE [me] unglazed collectors
|1‘EI collector coefficient bu

En o] collector coefficient b1

Meteo data |

0 )]

[0.925
||1 i} [w//m2K]
|IJ. 0000 [W/m2K2]

[s/m]
[w#m2k]

0.0120
11.260

ﬁ Offnen

>

Suchen in: | vor_Sanierung j i £ Ef~
MName Anderungs... Typ Grafe
! =| Berechnung_vor_Sanierung.bct 26,09.2020 ... Textdokurnent 522 KB |

Dateiname:

|Eerechnung_vnr_Sanien_lng.txt

Dateityp: |Te:-.'tdateien

j Abbrechen

Fig. 3.60: Importing simulation prior to measures as hourly data

Bed_EWS55_Eng.doc

47

Huber Energietechnik AG



Program EWS, Ver. 5.5 @ Huber Energietechnik AG

In a last step, it must be defined after how many years of operation the load profile should switch to
the load profile with restauration measures. This is done in the menu: Windows -> Parameters:

Earth time step [‘security 2°) recommended: 2

Results

File Input Import Results Info example Maps Offset weather data
System
Boreholes ] Graph oad | Info Parameter \ Kollektaren
Simulatiol Results Awial partition: see page Earth’

Input Simulatior g-function

Nurmber o - between 4 and 12

Grid fa Parameter 000
Open Simulatiol pressure

Borehole Groundwater has to comespond with input file
Save Fluid time solar collector recommended: 4

Time step of outer boundary conditions [weeks] recommended: 1

Stop criterion for the iteration

accuracy of iteration [*C]

Number of lines in the output file:
Write results in output file? Mo File TE arth.ews " Yes * No
Number of simulation steps per output value 730

Manitor paint in axial direction

e 4 T AT

Manitor point in radial direction

Code example

Wite all simulation years in output file? T Yes ™™ No max 30a
‘white starting conditions on file? " Yes * No Hourly data starting from: |21 a
Varia: . .
Close . . Start with hourly data | & Yes © No
Recalculate Rb in each timestep? " Yes & No 4 —

Fig. 3.61: Sheet “Parameters”: Starting the simulation with hourly data (prior to restauration
measures) and a new load profile for the 215t year of operation and following.

Minstax TSink tz =580 [a)

oL rmeﬁT

0 1 10 15 20 25 30 el 40 45 g0

Huber Energietechnik mit Prog EWS  ® Huber Energietechnik 4G, Zirich years [a]

Fig. 3.62: Change of load profile after 20 years of operation (addition of solar collectors to
recuperate the boreholes). Minimum borehole inlet temperature rises to -2.3 °C after a total of 50
years.
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3.9 The sheet “Simulation”

3.9.1 Show the sheet “Simulation”

Various special calculations can be done with the sheet “Simulation”. Open the sheet “Simulation”
with the pull-down menu “Windows” from the menu bar and select “Simulation” (see Fig. 3.63).

#3 Eingabedaten EWS

File Input Import Results Windows Info example

Systemn . .
1 Boreholes G oad ] Info Simulation
raph 4 5
Steady ot Heat Pump luid 6
Input Result
Steady c: esults + ez © Mo
Caleulation 3 - )
Input of E heat extraction rate?
Iterati =
Tpem (heat 2 T G Yes © No | 02
—— pressure
erial lin
Save
Number ¢ Groundwater "ID— 6.13
solar collector Gl
Results Antifreez.. € ves & No .
6.16

Minimal borehole inlet temperature =

’T"CG 15 COF at minimal borehole temperature 9339900

supplementary heating system |0 kwh 6.17

Calculation of th I resp -
Thermal responze? i Yes * Mo 6.3 Heat extraction step: | 95 kW' 6.5
Diuration of thermal response C1h & 1month| 6.4 Temperature step: 2000 T 6.6

Size of input file:

Mumber of time steps on the input file

B760 6.7 Format Metenorm: Standard | & Yes " No 0.12
Simulation period:

E stimate the temperature starting condition |~ Yes & No 6.8
[fast calculation with less precision]

additional cooling  Ves & No | 09 COP(heatinglof add. conling ~ [350  6.10
(if freecooling is not enaugh) On if coverage is beneath 0.70 (0..095)
s Max. TSink from input-file?  Ves & No 0-18 s

Programm E''S, Lizenz fiir Huber Energigtechnik 4G ® Huber Energistechnik 4G, Ziiich

Fig. 3.63: The opening of the sheet “Simulation”.

The following, special calculations can be executed with the sheet “Simulation”:

The unsteady calculation of the fluid (field 6.1). The default setting of the program does

[ ]
steady state calculations of the fluid like it can be found in ref. [5] and [6].

e The input of the extraction rate, e.g. forced by the heat pump or the borehole inlet
temperature (e.g. direct cooling). For these cases, the field 6.2 must be selected (“yes”).
The default setting calculates the needed outlet and inlet temperature of the borehole fluid
to generate the wanted extraction rate of the heat pump.

e The calculation of the thermal response (response test, field 6.3). More details can be
found in chapter 6.3.3.

e The size of the input file (field 6.7). The default setting calculates 8760 steps of 60 minutes.
But it is possible to calculate a time period of less than one year and hence, to calculate
with a smaller input files. Note: There are max. 8760 time steps possible.

e The estimation of the start temperature (field 6.8). This option results in a shorter

Bed_EWS55_Eng.doc 49

calculation time for long simulation periods (>10 years). But the results are less precise and
they should only be used for rough estimations.
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3.9.2 Input of the heat extraction rate and the borehole inlet temperature

The borehole inlet temperature in field 6.6 or in field 4.10 is taken as a base for the calculations of
the possible heat extraction rate (i.e. the heat extraction rate is not determined by the heat pump) if
in field 6.2 “no” is selected.

3.9.3 The active, additional cooling if freecooling is not sufficient

If in the field 6.9 “yes” is selected, there is an additional cooling machine installed which uses the
boreholes as a back cooling. The cooling machine is activated if the freecooling covers less than a
certain fraction of the total cooling demand (the fraction is defined in the field 6.11). In this case,
the boreholes have to absorb the compressor power of the cooling machine which is calculated
with the heating COP (=EER +1) of the cooling machine (field 6.10).

3.9.4 Serial connection of boreholes or energy poles

With short boreholes and energy poles, it can happen that with a parallel connection the flow turns
out to be laminar. This can reduce the performance bigly. To avoid this, usually the boreholes or
energy poles are connected serially. This increases the flow rate. This is considered and
reproduced in the program EWS in the field 6.13, with the input of the number of boreholes which
are connected serially.

3.9.5 Antifreeze (minimal brine temperature) und bivalent heat pump systems

To ensure the anti-freeze protection and to take into account bivalent heat pump systems, a
minimal brine temperature can be set in field 6.15. To activate the anti-freeze protection, the field
6.14 must be set to “Yes”. Now when the brine temperature falls below the minimal temperature in
field 6.15, the heat pump reduces its work and there is no heat extraction from the borehole any
more. In order to be able to calculate the missing heat when the heat pump stops to work, the COP
of the heat pump at the minimal brine temperature must be given in field 6.16. In field 6.17 the
missing heat production of the heat pump is added up after the calculation of the system.

3.9.6 Theresponse test

Open the sheet “Simulation” (menu bar “Windows”) to check the thermal response test (see Fig.
3.63).

Select the thermal response on the sheet “Simulation” (field 6.3). This automatically changes
various default values:

e Itis only possible to calculate reasonable results for the unsteady borehole fluid. Therefore,
field 6.1 is set to “no”.

e The calculation of the thermal response must be done with the maximal number of ground
layers. Thus, the number of horizontal layers in the earth is set to 10 (field 3.1).

e The time steps for the simulation of the fluid and of the earth are reduced. For this purpose
the time step factor of the fluid (field 7.5, “security 1”) is changed from 4 to 40 and that of
the earth (field 7.6, “security 2”) from 2 to 20.

e The time step to calculate the boreholes is set to 1 minute (field 7.4) if the duration of the
thermal response is set to 1 h (field 6.4).
The size of the input file for the thermal response (field 6.7) is adapted to the duration of the

thermal response.
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The classical case of the thermal response test extracts or adds a constant heat rate from the

ground. This rate must be entered in field 6.5. Thereby, to the convention of the signs must be paid
attention to:

e positive sign: -> heat extraction from the earth

e negative sign: -> heat induction to the earth
The temperature step (field 6.6) is ignored in this type of response test.
Do not forget to enter the correct mass flow rate of the borehole (field 2.7)!

Fig. 3.64 illustrates the first 60 minutes of the thermal response of a borehole (40mm double-U-
pipe, depth: 150 m, mass flow rate: 0.7 kg/s of 33% Monoethylenglykol, heat input of 10kW). The
first temperature maximum after 6.5 minutes is clearly visible (Halftime of the borehole cycle). This
maximum is a consequence of the piston-effect of the fluid.

Temperature [°C] Inlet Temp.
Thermal response TMin=14.2°C
Ell borehole outlet temperature TMax = 22.7 °C
year=1

_24 4
minutes

30

0 B 12 18 24 3 3k 4 48 54 6D
L'on Huber Energietechnik AG mit Prog EWS @ Huber Energietechnik, Ziich___|

Fig. 3.64: The example of the thermal response of a borehole during the first hour.

There is another type of the thermal response test which is less frequently used. In this type the
borehole inlet temperature is constant and the borehole outlet temperature and the borehole heat
extraction rate is analyzed. For this type of response test field 6.2 (“lteration of borehole heat
extraction rate? (Heat extraction rate given)”) must be set to “no” and the constant borehole inlet

temperature must be entered in field 6.6. This type of thermal response test ignores the “heat
extraction step” (field 6.5).
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3.10 The sheet “Water” (Groundwater influence)

The sheet “water” is only available in the Pro Version of the program and it allows the
consideration of groundwater influence in the earth such as the seasonal fluctuation at the surface.
The sheet “water” is chosen in the dropdown from the menu bar “Windows”.

The program EWS uses a balance method for the consideration of the groundwater influence. For
this the stream cross section under the influence of the borehole is defined. For this the
groundwater flow direction must be defined in the sheet “field of boreholes”. This can be done by
adding two Isohypse-lines (equal height lines) with the groundwater surface. Groundwater usually
flows perpendicularly to its surface isohypse. By pressing the button S27 the field S28 appears, in
which the absolute height of the first isohypse can be added. After the beginning and end point of
the isohypse line can be added (left mouse click), a third click anywhere on the map will confirm
the isohypse line. This process is to be repeated with Button S29 and field S30 for the second
isohypse line. If these two lines are not parallel to each other, the programs calculates the stream
cross section based on the angle bisector line and the stream direction perpendicular to it.
The boreholes are now projected perpendicular onto it and the largest distance is calculated. This
distance plus 4m, multiplied with the depth of the aquiferous layers (field W16-W19) results in the
cross section stream area of the aquiferous layer which is influenced by the borehole. The program
EWS assumes that the groundwater temperature is always equal to the untouched ground
temperature of the correspondent ground layer. On the outer layer of the simulation area (see
chapter 6.1) the energy balance is made and the average ground temperature is calculated based
on the sum of the extracted energy from the boreholes and the net heat inflow of the groundwater
with help of the g functions (see Eq. 6.21). In accordance with this model, the effective thermal
conductivity Aet is used inside of the simulation radius (with groundwater, input in field 3.15, see
chapter 3.6.3), yet Awa is used for the marginal conditions (without groundwater, input in field 3.16).

}"‘" Programm EWS: Sondenanordnung QJ . |5’| X
v
Exit

Copy

show

10 - grid

delete

527 . Isabypsel _E'ﬂ‘?’?e.‘.EE 452 600 micog
S§29 - lsohypse2 [EHGhe2—11452.200 1m+ 530
P U &l

IS

-1:10.0:200 20,020, 320 4:40.0: 20.0 : 2 (6002

>

fasten

scale

file:

— 7:10.0 : 30.0 8:20.0: 30.0 9:30.0: 30.0 10 0:30.0: 11:50.0:30.0 12 0 30.0

clipboard
B0m - grid
20m - grid
10m - grid
Sm - grid

7 - grid
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5 - grid

Nurnber
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Fig. 3.65: Input of the groundwater surface height with isohypse lines on the sheet
“field of boreholes”

Caution: the groundwater influence is not applicable if neighboring boreholes have been defined
(see chapter 3.3.7)
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%3 Eingabedaten EWS

File Input Import Results Windows Info example (Offset weather data
1 System 6 7 K
Boreholes Graph straction ] Irifi ] Simulation water F.ollektaren ]
g Hydraulic :eat Pump oundwater level:
ESUltS ......... -
calculate in g-function @ Tes O No W1
Calculation hydiaulic i Simulation lw mis \W2  [gravel ~] W5
Open hydraulic C\ Parameter [5.06-0008 més \y3 [clayey sit ~l  we
hydraulic o pressure lm mé's W4 |fine grained sand j W7
Save Drarcy verlcI Groundwater 8.2E-0004  mds WE ups e gardEs ] W m w16
| solar collector .

Resuls Darcy vere 8.2E-0007  m/s W9  upper level of groundwater 2 200 m w17
Drarcy werdocity of layer 3 8.2E-0003 mfs \\/10 e o) e e W n o wis
influenced area by groundwater 1 0o m2 W11 i G of AT 100 m w19
influenced area by groundwater 2 [N1] m2 W12 ] ,M miM W20
influenced area by groundwater 3 0o mz W13 aroundwater contou fine 1 ,M miid W21
pressure gradient i of the groundwater ,W m/m W14 e et B ,M miiM WP2
'[:iirI:?g;gpol;tgorfaéﬁch%cgﬁgressure o " Yes & No W15

Heat flux from the basement in the ground
Include seasonal change of soil temperature: TR ,UU— - Wh6
zeasonal change of zoil bemperature:  Yes & No W23 |J.yalue of the bassment 1.0 wiim2k \WR7
Amplitude of zoil temperature ,95— K W24 Temperature of basement in summer 0.0 ‘C Wp8
Ol Coldest day of the year ,15— d W25 emperature of basement in winter ,W T WR9

w1l
W2-W7

W16-W19

W23-W25

W26-29
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Fig. 3.66: Sheet “water” for the consideration of groundwater influence and
seasonal fluctuation.

Groundwater Influence is only considered if field W1 is set to “yes®
The hydraulic conductibility kf (permeability parameter) is a property of the aquiferous

layer. The pulldown menus W5-W7 suggest typical values, yet calculations are always
made with values of W2-W4,

Thg aquiferous layers are e | (e X X %

defined by depth under ground | =tz e r

level in fields W16-W19. ma e e v

It is assumed that the ground Morane 16 | 16 2 QHH VA
until the first aquiferous layer gravel se2 | 28 | 18 ,1 GW-Layer
is without water. The example | —F T T :%a:\\?\gé\\//\\/f\\dayer
on the right represents the —_— y | [0
situation described in Fig. sand S B By ; 3| GWLayer
3.66. Feisendsen 25 | 25 /
The seasonal fluctuations of - hd

the earth surface can optionally be added. This makes sense especially in the case of
strong groundwater flows or not very deep boreholes or energy poles. In this case the
ground temperature is corrected according to following equation, depending on the

depth z:
7 Nocod i, | Z
a-t, t a-t,

If the heat flow of a building over energy poles should be calculated, according to eq.
6.21, the fields W26-W29 are to be filled.

T = Tmo _ATo exp —z- eq. 3.3
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3.11 The sheet “solar collector” (solar regeneration)

The sheet “solar collector” is only available in the Pro Version. It allows the calculation of solar
borehole regeneration, according to the schematic in Fig. 3.67. This example is based on a
published validation project in Mettmenstetten [15].

? Tcollektor out
domestic

;% hot water

& e ollekior

—= TCollektar,in

borehole heat exchanger
TE?apuratur,uut

Tsink N a
e x|
T ™

=

TSource

Qg
[~
2

SN

[

Fig. 3.67: Schematic of the solar regeneration.

The solar yield of the collectors is newly calculated in hourly steps, under consideration of the heat
pump operation and the borehole temperatures.

For the choice of the weather data (solar radiation and air temperature), collector slope, azimuth
and horizon shadowing the Standard-Format of the Meteorological Norm [19] can be imported with
the button K12. In this case the Standard-Format data of the Meteorological Norm is imported and
the fields K8 and K9 disappear from the sheet “collectors”. The weather only influences the solar
yield but not the load profile of the heat pump.
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Temperaturmodell
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1981-2000

Format

Hari

Standaort Auswertung

Fig. 3.68:
the program METEONORM [19]

If no meteorological data is imported, the default is the DRY-Database for Ziurich SMA. Azimuth

and slope of the collectors must then be imported to fields K8 and K9.

Input of weather data, Azimuth (east=-90, south= 0°, west= 90°), slope and horizon in

File  Input Impert Results | Windows | Infe example Maps Offset weather data
1 System 5 6 K
Borehaoles I Graph action I Ik Kallektaren |
solar coll Heat Pum K1 «
Input S . K2 _I ‘wieather data from Meteonarm K12 et data |
calculate = . « YBS? © Mo Offset weather data K13 0 [h]
Calculation 0% loss g-function & ves O N K3
Sirmulation &s 2 glazed collectors
Open unglazed Parameter & Yes - No | K4 collector cosflicient Etal K14 |n.gz5
e pressure W m2 K5 collector coefficient a1 K15 |15.65 [ dm2k]
Save Gmnthyaies - collector coefficient a2 K16 |0.0000 [dmak 2]
absorber . 10.000 m2] K6 unglazed collectors
Results number ol | e 10 K7 callectar cosfficient bu K17 ooz [s/rm]
azimuth direction of callectars IF [ K8 collector cosfficient b1 K18 [11.260 [ddmn2i]
collector coefficient b2 K19 |2.450 [ie/maK]
inclination angle of collectors |45.D [T K9
) domestic hot water K20
cp of collector fuid ISSDD gk K10 e i Yes i« Mo
wind speed u |'| 5 [mfs] K11 15t priority on tap water
temperature of domestic hot waten 1 |60 ['C]
spstem integration size of solar heat exchanger k22 (3.0 [m2]
A * k of the borehale heat exchanger 1000000 [w/KIK28 .
e A%k per m2 solar heat exchandé23 |100.0 [k m]
counter flow of heat exchanger 050 K29
i [ zolar sh tank 1000 Lit
temperature difference of heat exchanger ID.DD K] K30 s e srage e L =
max. borehole inlet temperature I.-.m_u ['C] K31 Irseces aff ullr el s K25 |0.010 [17h]
callectar lowrate IF ka/s] K32 demand of domestic hot water | 0@ |700 [kiw'h/a]
Cl
= | proposition of collector Aoveate Caleulation | K33 goloensiatedliclated K270 [Kwhia]

Fig. 3.69:
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Sheet “solar collectors” for the calculation of solar regeneration.
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K1

K2
K3

K4

K5
K11

K13

K14-K16

K17-K19

K20-K27

K28-K29

K30

Pulldown-Menu for the choice of a limited amount of solar collectors. Not obligatory
input, since calculations are always based on characteristic collector values.

To enable solar regeneration, K2 must be set to ,Yes".

If K3 is set to ,Yes®, the solar yield has a 10% loss, which accounts for thermal losses
in the collector pipes and a real regulation.

If K4 is set to ,Yes" (unglazed collectors), the collector constants in fields K14-K16 are
to be filled out, with glazed collectors this is the case for fields K17-K19.

K5 is the input field for the net absorber area, not the gross collector area

The wind speed is only considered in the case of unglazed collectors. The wind speed
is not taken from the weather dataset, but as a constant from field K11 for the entire
year.

For the solar yield it is substantial, if the heat pump runs during the day or the night. In
the standard load profile (Offset = Oh) the heat pump runs until midnight for domestic
warm water and after midnight for the heating demand, as long as it needs to reach the
total daily heat demand. With the offset, the running time of heat pump can be
transferred into daytime. E.g. with an offset of 10h the heat pump runs until 10 a.m. for
the domestic warm water heating and after 10 a.m. it runs for the heating demand. The
offset can be defined in the main menu under ,Offset weather data“.

Parameters for the determination of the efficiency of glazed collectors, without wind
influence, related to the absorber surface:
N=no—a1 (Tm—-Ta)/G—a, (Tm—Ta)?/G  with G = irradiance [W/m?]

Tm = average fluid temperature [°C]

Ta = ambient air temperature [°C]
Parameters for the determination of the efficiency of unglazed collectors, with wind
influence (with wind speed u [m/s]), related to the absorber surface. The collector
constant no (K14) must also be entered for this purpose:
N=no(l—-uby)—(b1+ub) (Tm—-Ta) /G with G = irradiance [W/m?]

Tm = average fluid temperature [°C]

Ta = ambient air temperature [°C]
The calculation of the direct use share for the solar domestic water pre-heating is
merely an approximation. The heat demand for domestic warm water use which must
be generated by the heat pump (field 10.3 on the sheet ,Load®) must be reduced by the
amount in field K27.

The size of the heat exchanger to the borehole circuit (between the collector circuit and
the borehole circuit) is defined by the heat exchanger area A [m2] and the heat transfer
coefficient k [W/Km], as well as the countercurrent ratio K29. Simplified, the value A*k
can be estimated from the heat exchanger's transfer capacity [W] divided by the heat
exchanger's temperature-grade [K] between the borehole circuit and the collector
circuit. Good heat exchangers achieve a countercurrent ratio of 85-90%. If there is no
separation between the two circuits, A*k can be set to a very high value (e.g.
99999999) and the countercurrent ratio can be set to 1.

The temperature difference of the heat exchanger (temperature-grade, [K]) between
the collector circuit and the borehole circuit is a result of the calculation and is only
displayed after the calculation.
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K31 To protect the geothermal boreholes, a bypass of the heat exchanger to the borehole
circuit is often installed, with which the maximum return temperature to the boreholes
can be limited. If there is no such bypass, the value should be set to 999 (= no
limitation).

Attention: As soon as collectors are used (K2 set to "yes"), the temperature limitation
"Freecooling” (10.29) on the sheet "Load" will be overwritten with the value of K31.

K32-K33 The massflow in the collector circuit [kg/s] can be defined in field K32. For a quick
design it is possible that the program EWS proposes a default value for the collector
massflow. For this you can press the button "Calculation" K33.

The temperatures in the collector circuit can be displayed on the graphical output, month by month
for the last calculation year:

Calculation Temp. [T i Inlet Temp.
J THin = 3.6°C
oy a0 _ K.ollektoren / salar collectors
Februarny THax = 27.6°C
March Year =50

April n T

tday
June 60

August

50 i
September

October

Movember 10

&> ) .x.l,._‘,ﬂ.).u. »“““‘H | ‘M

Air temp.

Copy
Frirt

Lilg 1
Cloge

Daps

-20 I I I I I ! I I I !

After saving a calculation including a solar collector, the weather data used (outside temperature
Ta and global radiation Gk) are saved in the EWS — file, starting at line 1002 and can be edited
there (cf. chapter 3.8.2). The global radiation Gk [MJ/m2] is normalized to an inclination of 45° and
an azimuth of 45°. If the effective values of the global radiation on the correspondingly aligned and
shaded area are entered in the column of Gk, the azimuth and the inclination in K8 and K9 must be
set to 45° so that the radiation data is used directly, without further conversion.

A B C D E F G H | J

1UD1|Step M [kg/s] TSink max [*1 Qsoll [kwW] TSource [°C] Ta[°C] |Gk [MJ/m2] _ITMr.:unitcur p [Pa] laminar? 1
002 1 55.879 25 J04.748 9.945 3.2 0 10 6905 FALSE
1003 2 55.879 25 T04.748 9.546 2.9 0 9.73 6905 FALSE
1004 3 55.879 25 704.748 9.309 2.4 ] 9.57 6905 FALSE
1005 4 55.879 25 704.748 9.16 2.3 ] 9.46 6905 FALSE

Abb. 3.70: The weather data Ta and Gk, stored in the EWS —file, can be adjusted.
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3.12 Dataexport to the program Polysun

In order to export the borehole date to the program Polysun [27] navigate to “Import”>”Export
Polysun” and save this export-file:

ﬂ Eingabedaten EWS
File Input Import Results Windows Info example Maps Offset weather data
Existing calculation
Earth properties (SwEWS) Load Info rara
Weather data from Meteonorm wing values?
Input
TRT )
[kwh]  COP at full load
Calculatior SR po
Export borehole locations 00 [k¥w'h]  COP for tap wat
Open Import borehele locations [kw/h]  COP far heating
No hourly data T [kwh] EER for cooling

Fig. 3.71: Export of borehole and geological data for the import into the program Polysun

# Speichern unter >
Speichem | Export_Polysun j I':iE FEEE g

Name B Anderungsdatum Typ

\=| Export_Polysun.txt 26.09.2020 22:26 Textdoku
< >
Dateiname: m Speichem
Datetyp: | Textdateien ~|  Abbrechen

Fig. 3.72: Save the export file with borehole and geological data.

The interface between EWS and Polysun exports the data for the properties of the earth and filling
(layerwise), as well as the thermal borehole resistance, borehole geometry, number and layout of
the boreholes from to the further use in Polysun. For the borehole layout the calculated g-functions
are exported. The load profile are not exported as it is defined separately in the program Polysun.
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The exported data can be imported by the program Polysun. Double click on the borehole symbol,
and a menu will appear. In the menu choose “EWS-Datei” and set this to “Ja”. Afterwards choose
the “EWS Projekt-Datei” and choose the corresponding EWS export file.

Gl

Kollekior: SOLARDACH AS
Kollektoranzahl: 24

Bruttogesamtflache: 51 55 m*
Ausrichtung (0=+90°, §=0°, W=-90"): 0 °
Anstellwinkel (hor=0" vert=90°): 45°

SIW oder WW-Warmepumpe: FEW 1-27

Temperatur: 50 *C

-

wpy

Speicher: 10001 Puffer

@ Erdwirmesonde 2

&8 L@

@ MName

Beschreibung

Anzeige in Report
Kreislauf-Beschreibung
Erdwirmesonde
Erdwarmesondenfeld
Bodenerwarmung

Axialer Temperaturgradient
Sondenlinge

Erdee 40 mm DoppslU-Sonds
Sondenlange: 284 m

Erdschicht 1: Morane fest gelagert

or 1d
Anzahl Erdwarmesonden
Hinterfillung

Anzahl Erdschichten

Wert Einheit
2

~ sichtbar

& 40 mm Doppel-U-So...

& 2 Sonden, B/H=0.05

0,8 C
0,03 Kim
294 m
10 m
& Bentonit

M

ane fest gelagert

Erdschicht 1 aLd
5 reit 1 400

Schema

EWS Dalei
Sondenvorlaufdauer !
S_e_;und_e_n T T = - - - Jahrliche Entzugsenergie der Sonde {7 g
Fig. 3.73: Import in program Polysun [27]
| ® Erdwarmesonde2 x
@ Name Wert Einheit Scnema
| Beschreibung prid
: Anzeige in Report ~ sichtbar
| Kreislauf-Beschreibung
Sondenlange 204 m
Jahrllche Entzugsenergle der Sonde  58.800 KWh
© Offnen X
Suchen in: Export_Polysun v| 0
&
-
Zuletzt verw...
Deskiop Dateiname: |Exp0rt_F'0I3rsun.brt | | Offnen |
5 Dateityp: THT (*bet) w Abbrechen

Fig. 3.74: Choose the EWS export file for the import of the borehole data to Polysun.
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3.13 The sheet “Pressure”

To open the sheet “Pressure”, open the pull-down menu “Windows” from the menu bar and select

the sheet “Pressure” or open the pull-down menu “Input” from the menu bar and select “Pressure
drop”.

This option is only available in the complete version of the program EWS.

'E Diese Opfion steht nur in der EWwS-Yollversion zur Yerflgung
L

x|

Fig. 3.75:

Error message, if no full version of the EWS Program is available.

In the sheet “Pressure” it is possible to calculate the pressure drop in the borehole. Additionally the
flow regime is calculated (laminar or a turbulent flow regime in the pipes). A more detailed
description of the used model is given in reference [12].

_Eingabedaten EWS

File | Input Import Resuks Windows Info Zoom  example

Boreholes
Fluid

Earth

Simulation
Extraction
Parameter
Info

— Wertiation schedule

~—  Field of bareholes
Single borehale in 2 field

Profile from geothermal heat transfer

Mass Flow rate [kgis]

Heat exchanger / Dry cooler
tawhie cooling

Peak cooling load

re drop

e drop to be calculated?
ressure drop in evaporator [Pa]
ass flow in evaporator [kg/s]

ressure drop in manifold [Pa]

ass flow in manifold [kgfs]

I

Results

Close

nominal pressure drop in counter [Pa]
nominal mass flow in counter [kgfs]
nominal pressure drop invalve [Pa)
nominal mass flow in valve [kafs]
horizontal extension to the boreholes [m]
length of inlet pipe [m]

number of inlet pipes

inner diameter of inlet pipes [m]

number of bows

Pressure drop

turbulent flow regime

8.1

8.2
8.3
8.4
8.5
8.6

8.7
8.8
8.9
8.10
8.11
8.12
8.13
8.14
8.15

8.16
8.17

Y 3 4 5) 6 7
Flid | Earth | Load | Info |Simulatio|Paramete Druckl

Calculate

e fres ¢ No

Edl

5000
2.200 7637
5000

6249
6500

2.300 7985

2 500 8679

0.057

Pa

SN NARN RN

[m3h]

[m3h]

[m3h]

[m3h]

8.18

=18l x|

Info

Pragrarm EWS, Lizenz fir Huber Energietechnik  © Huber Energietechnik AG, Ziirich

| \
Fig. 3.76:

The sheet “Pressure*.

8.1 After each change of the input data, the button “Calculate” must be clicked to calculate the

8.2

new results.

If field 8.2 is set to “yes”, the pressure drop in the borehole pipes (without the supply pipes) is
calculated for each time step and written into the result file (one per hour). Hence, the
pressure drop in the result file represents only the pipe itself, without the supply pipe and
without the pressure drop in the evaporator, etc.
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Projekt Erdwaermesonden Programm EWS, Ver 5.5 mit Default-Werten

Projekt Erdy

den / Huber Energi ik AG, Zuerich 85/8.6

Total = 4431 kPa 8.16 nominal pressure drop in manifold [Pa] length of inlet pipe [m] 8.12/8.14

. . 1xDi=570mm 8,14 E
horizontal extension to the boreholes [m] -

8.11 25m —> 4588 Pa

¢ 611 Pa Y 8.12 15m —> 1484Pa N

m = 2.26 m3/h @
76Pa 411 Pa 654 Pa f
‘ g

T nominal pressure drop in evaporator [Pa]

KH
N—DxH
DxH

8.3/8.4

nominal pressure drop in counter [Pa] 8.7 /8.8

nominal pressure drop in valve [Pa] 8.9/ 8.10

36978 Pa
1x200.0 mx 40 mm

6 x number of bows

8.15 Close

8.20

Re= 3384Pa

Fig. 3.77: Display of the results in the borehole circuit

8.3-8.10 The input of the nominal pressure drop of single components at nominal mass flow

8.11

8.12

8.13

rates. The nominal mass flow rate can vary for each component. The conversion to the
effective pressure drop is done with the parable approach.

Length of the borehole extension (usually the distance from the borehole head to the
borehole manifold, only length of one pipe). The longest borehhole extension must be
specified. The program EWS assumes that the borehole extension has the same pressure
drop per meter as the geothermal borehole per meter (e.g. De 50mm PN16 for boreholes De
40mm PN16, combined with Y-piece). If the specific pressure drop in the borehole extension
is different from the geothermal borehole, the borehole extension must be calculated as a
borehole feed line (8.12 - 8.14).

Length of the borehole supply pipe (inlet pipe, usually from the manifold to the heat pump,
only enter the length of one pipe). If the specific pressure drop in the borehole heat
exchanger differs from the borehole extension, the borehole extension can also be entered
here as a borehole supply pipe.

Number of borehole supply pipes (inlet pipes). As a rule, 1 should be entered here (one
borehole supply pipe, only inlet pipes are counted). If, exceptionally, the borehole extensions
are entered as supply pipes, the number of parallel borehole extensions to the manifold must
be entered here (without return flow).
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8.14

The inner diameter of the supply pipes (normally from the manifold to the heat pumpe). The
inner diameter of the inlet pipe DN 40 usually is 0.032 m (for DN 50 it is 0.037 m).

8.15 The number of bows in the borehole loop (enter the number of the total bows in the inlet AND

8.16

8.17

8.18

8.19

8.20

outlet pipe). The pressure drop is calculated with:
Ap = {%vz eq. 3.4

in which ¢ = 2 is entered for each bow.

The pressure drop for the whole borehole loop. Please note that after each change of any
input data, the button “Calculate” must be pressed to adjust the result.

The pressure drop Ap of the flow in the borehole and in the inlet pipe is calculated with:

2H p
AD = Sole V2
p é_D. > eq. 3.5

In the laminar case (Re < 2’300), ¢ is calculated with:

64
=— eg. 3.6
S Re q
In the turbulent case (Re > 2'300) the approach by Petukhov is used:
& =[0.790 In(Re )—1.64] eq. 3.7
All other pressure drops are converted from the nominal mass flow to the effective borehole
mass flow using the parabolic approach.

Information about the flow regime in the borehole (laminar or turbulent). The transition from
laminar to turbulent flow occurs at a Reynold’s number of 2'300.

Press the "Info" button to display the results of the pressure loss calculation according to
Fig. 3.77.

Pressure drop of the geothermal borehole heat exchangers, excluding feed pipes and
borehole heat exchanger extensions.

By pressing the "Copy" button, the figure Fig. 3.77 is copied to the clipboard and can then be
copied to a word-document in a second step.
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3.14 The sheet “Parameter”

Select the sheet “Parameter” from the pull-down menu “Windows” in the menu (see Fig. 3.78). The
simulation grid, the simulation time steps and the stop criterion for the iteration can be defined in
the sheet “Parameter”.

Additionally the option to write the results in the output file can be chosen.

Normally, the user has no need to fill in the sheet “Parameter”, since it can be calculated with the
default values for most cases.

# Eingabedaten EWS

File Ioput Import Ediion | Windows Info
System
Graph
forsho  HeAtFUMP Ly | Baroction| Sinio | Fnulation Pfemster |
s . ResLits
Sim g-fLinction Axial partition: see page 'Earth’
Calculation 3ir i al 7.1 |250
72 5 between 4and 12
Cpen 7.3 [eom
Seve Simulation time steps
Barehole time step [min] 7.4 ] has to carrespond with input file
Results Fluid time step ('security 11 75 40 recommended: 4

Earth time step ('security 2) 7.6 |20 recommended: 2
Time step of outer boundary conditions [weeks] 7.7 1 recommended: 1

Stop criterion for the iteration
accuracy of iteration ['C] 7.8 |noiooo

Number of lines in the output file: [FIF TSR B
Write results in outautfile? 79 | " Yes @ No ‘ ‘ " Yes  No |
MNumber of simulation steps per outputvalue 7.10 1 730
Monitar paint in axial direction 7.11 1
Monitar paoint in radial direction 7.12 1
Write all simulation years in output file? 7 13 " Yes & Mo
White starting conditions on file? © Yes & No

Close 9 1A
Recalculate Rhbin each timestep? 715 " Yes & Mo
Programm EWYS, Lizenz fiir Probeversion @ Huber Energietechnik AG, Ziirich

Fig. 3.78: The sheet “Parameter”.

In field 7.15 is defined whether the thermal borehole resistance Ry, is recalculated for each
calculation step. The borehole resistance Ry, (thermal resistance between borehole and fluid) is
basically a parameter which is influenced by geometrical factors of the borehole, by the properties
of the filling material and by the pipes. Additionally, it includes the heat transfer coefficient a (from
the piping wall to the fluid) which depends on the mass flow rate in the pipes. Since the program
EWS offers the option to simulate a variable mass flow rate, the user gets two options: Either the
heat transfer coefficient a (and thereby the thermal borehole resistance Ry) is recalculated for each
calculation step or Ry is kept constant for the whole simulation. If the field 7.15 is left on the default
setting (“no”), Ry is calculated at the beginning of the simulation on the basis of the design mass
flow rate (field 2.7). This choice has an influence on the computation speed.
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3.15 Properties of the heat pump and of the supplementary heating system

The complete version of the program EWS is able to include additional information about the heat
pump as well as about the additional heating system. Select the sheet “Heat pump” from the pull-
down menu “Windows” in the menu bar (see Fig. 3.79). In the following, the sheet “heat pump”
appears (see Fig. 3.80). The sheet “Heat Pump” cannot be combined with the sheet “Load”.

File Input Import Edition ’W Infe
System

Graph
[ Heat Pump th
Results

g-function
Calculation simulation
js  Parameter
pressure

Extraction Info Sim

calculated?
in evaporator [Fa]

naminal mass flow in evaparatar [kofs]

Fig. 3.79: The opening of the sheet “heat pump”.
)"E' Warmepumpe — |EI ﬁl

Heat pumpe properties and supplementary heating system:

Calculate heat extraction rate with heat pump properties?

91| ves & Mo Heating power of heat pump at 1°C |1 5 Qg5 kW

|2_50 Minimal borehole inlettemperature = I_m_g 96 C
9.3 COP&tIT= |3_gg COPat10C = Iq_gg 9.7 (optional input)
|3.50

9.4 COF &b = COFat15C= |4.50 9.8 (optional input)

0.2 COP &at-5C=

Borehole circulation pump:

El. power consumption of borehale pump = |5g W 99

Bivalent heating system?

9.10| © Yes & No Fower of supplementary heating system: Ig_g k' 911

9.12 Calculstion | 9.13 Graph | 9.14

Fig. 3.80: The input mask of the heat pump properties and the additional heating system.

9.1 The inputs from this mask are used for the calculation, if the question “Calculate heat
extraction rate with heat pump properties?” is answered with “yes”. In a first step, the
program checks the consistency of the input data in field 9.5 (heating power of the heat
pump), in field 9.3 (COP at 0°C borehole outlet temperature) and in field 4.4 (evaporator
power, extraction rate). In the case of inconsistent input data, the program EWS asks if the
input in field 4.4 should be adjusted. If then the field 4.4 is not adjusted, field 9.5 is ignored
for all further calculations.

The extraction rate Qoutet (field 4.4) is taken as the evaporator performance at 0°C borehole
outlet temperature if “yes” is selected in field 9.1. In each calculation step the effective
evaporator performance is adapted to the effective COP. Thereby, the program EWS
assumes a constant heating power (corresponding to the input in field 9.5).

9.2-9.4, 9.7-9.8 In these fields the COP of the various fluid temperatures are entered. The inputs in
field 9.7 and 9.8 are optional. If these values are not known, these fields can be set to zero
and the program calculates them by linear extrapolation.

9.9 The electric power consumption of the borehole pump ought to be entered in this field.

9.10/9.11 In case of a bivalent heating system, the power of the supplementary heating system can
be entered in the field 9.11. The field 9.10 must be set to “yes” (applied only in the case of a
complete “system simulation”).
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3.16 Direct cooling

The complete version of the program EWS offers the option to enter data about direct cooling.
Select the sheet “System” from the pull-down menu “Windows” in the menu bar (see Fig. 3.81). In
the following the sheet “Systemdefinition” appears (see Fig. 3.82).

/¥ Eingabedaten EWS
Fle Input Import Edtion | windows Info

Graph
Boreho — HeatPump Brth Extractionl Info |Simu|ati0n |
Input Fesults
Bor 9-function n
Calculation Simulation
I— Farameter LI
Open pressure
_— Typ " cosxial & U-pipe
Fig. 3.81: Selection of the input mask “System” of direct cooling.
/ systemdefinition - |alx|
Eta Heat Recovery: 18
DTSupp\yA\rVenNtMatur 0.0 °C 16 [pot exchanger 3: A%k = ,3['['— WK
Settemp. supply air TRk Counter flow = ,[|5[|— (0.1}
Candensation limit a0 C — B TP “
21 Chiller 00 kW l @ ~— zoo:inz:\m\; 122 °c
itflow (regular) m3/h l—
i\;viu:;s‘z:w[:gmmpume Airflow (cooling Ennj\tmn) %ma/h i | ol
" Max. hegting and cooling load FOliEEEES LG e Bg
Heat exchanger 1 Heat exchanger 2
Axk= [0 WK Ark= WK
17 P coutorfow- [f50 (0.1 Countertlon = [150 (0.1)
19
Supplytemp. .
20 et Tom Kaltenetz p 4 ,rkg/h
\ ‘TIRt(:FerEI'C) |T'c_‘F Purng 1
TRTe-300) [z © [ kath ko /h
T
22 Cellauio Byt Mass flow rate (total)
" Ves @ No A
111
“entilation schedul
Calculate Programm EWS: Copyright Huber Energietechnik AG, Ziirich
e—— Lizenz von Probewversion
Results 23
Close
Fig. 3.82: The input mask “Systemdefinition” for direct cooling systems (without HP).
15. The following data must be entered in field 15 (top down): The degree of the efficiency of the
heat recovery system, the temperature rise in the supply air ventilator, the desired
temperature of the supply air, the condensation limit (minimum supply temperature) and the
installed cooling power of an additional chiller (not shown).
16. The regular air flow and the air flow in cooling condition are entered here.
17. Field 17 requires the characteristics of the various heat exchangers in the system (3 units).
Additionally, there are 4 pumps available for which the mass flow rate can be entered.
18.

il

The input in field 18 defines the heating and cooling limits. If the outdoor temperature is

higher than the cooling limit, the system is in cooling mode, if the outdoor temperature is
lower than the heating limit, the system is in heating mode.
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19.

20.

21.

22.

23.

The program offers the option to protect the heat exchanger to the borehole loop against
freezing by controlling the flow rate in the intermediate loop between the air heat exchanger
and the borehole heat exchanger. To activate this, put the “Antifreeze” option button field 19
to “on”.

The return temperature of the cooling system in the building, in function of the outdoor air
temperature can be defined in field 20. Set the value for the return temperature, if the
outdoor air temperature is 20°C and if it is 30°C. In between, the system interpolates linearly.
Below 20°C outdoor air temperature and above 30°C outdoor air temperature a constant
return temperature of the cooling system is assumed.

In field 21 it is defined whether it is calculated without a limit of the direct cooling rate, or with
the maximal cooling rate from the input file or if the maximal heating and cooling load should
be calculated with data from the sheet “Extraction”. This option should always be checked
when calculating variants.

If “yes” is selected in field 22, all calculations are done with the data from this input mask. If
‘no” is selected, the inputs of this sheet are ignored and the calculations are based on the
inputs of the page “Extraction”.

Click on the button “Ventilation schedule” to define a ventilation schedule.

./ Eingabedaten EWS

Fle Input Import Edidon  Windows Info
J* systemdefinition
Etal )"E:" Liiftungsfahrplan im Programm EWS ;lglil
DT . .
_ s« Ventilation schedule C NoSchedule
& Felative air flow rate ) 8chedule from mputf.l\e
C:n (1.0 = nominal air flow rate) € Schedule fram this window Heating limit. Iﬁ
— L Schedule 1 Schedule 2 Schedule number Cooling limit Iﬁ
— [ D -6 AM 1.00 Monday Schedule 1 | | ka/h
~ B-7AM 1.00 1.00 Tuesday  [Schedule! =
— | 7-12AM .00 .00 Wednesday [Scheduls | | m i
0-1PM .00 100 Thursday  |schedule 1 z perd WK
1-2PM .00 100 Friday Schedue 1 [FINNME=——; |,
2-4PM 1.00 1.00 Saturday  [Scheduls 1 |
4-6PM .00 100 Sunday Schedule 1 |
6-8PM 1.00 1.00
B-10PM 1.00 1.00
10-12PM  [Tm 100 Close
Morminal airvalume for heating conditions 240 m3 fh
MNaominal airvalume for cooling conditions 360 m3/h
e (inputin window direct cooling)
|—("'vnn ke T TTTT TTIT TTTT

Fig. 3.83: The input mask “Ventilation schedule”.

24. The program EWS is able to generate a ventilation schedule. It exists also the possibility to

define an hourly ventilation schedule for the whole year in the input file.
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4 Examples

4.1 Selecting and loading the examples

In the Pro-Version of the program EWS there is a collection of calculation examples which can be
selected directly into the program. The examples can serve as base for own calculations. These
examples are described in Chapter 4.2. These can be seen and calculated with, by selecting
“example” in the main menu bar.

File Input Import Resulis Windows Info | example | Maps Offset weather data

Input

Caleulation

Open

Save

Results

4.2 Examples in the Program EWS

Uil

Boehles |  Fluid | E

Create new load profile w
it 1o’ the data fiom the inpu

Laad profile taken out of
it nais chosen, the daily i

Daily running time or mon
Januay E
February O
Mach E—

eample 1 |
example 2 b | Koliektoen
example 3

example 4

cample 5 o)

cxample 6

eample 7 v for cooling)
example 8 uly o b
example 9 - . i
example 10 S

Following examples are available in the Pro-Version of the EWS program:

Example 1:

Single house with monovalent heating heat pump

e Amount of boreholes:

e Borehole length:

e Borehole type:

e Heat output heat pump:

1

185 m

40 mm duplex
12 kw

213 KWhia

e Heating demand: 18'213 kWh
e COP heating: 4.5 &
e Heat demand domestic water: 4’580 kWh
e COP domestic water: 2.7
Example 2: Bivalent heat pump with 1 borehole
[m] 9 ]
e Amount of boreholes: 1 C%bgiiig
« Borehole length: 210 m —
e Borehole type: 40 mm duplex >t
e Heating perf. heat pump: 12 kW S @ A g
e Heating demand: 18'213 kWh . & E
e COP heating: 4.5 \\ “Tassoen p
¢ Heat demand domestic water: 4’580 kWh / - °
e COP domestic water: 2.7
e Minimal borehole inlet temp.: 2°C /
e Additional heating: Gas heater =L
Example 3: Borehole-yield for multiple-households (10 boreh.)
R B Q, =120 kW —f
e Amount of boreholes: 10 o o Son=es
e Borehole length: 210m NN D
e Borehole type: 40 mm duplex e OO
e Heat output heat pump: 120 kw — (P : s
e Heating demand: 182'130 kWh XX % o : Tw 2
¢ COP heating: 4.5 BTN & : e
e Heat demand domestic water: 45’800 kWh
e COP domestic water: 2.7

Tl
1
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Example 4:

e Amount of boreholes:

e Borehole length:

e Borehole type:

e Heat output heat pump:

13

140 m

40 mm duplex
95 kW

@, = 05 K [ 55 kW

172

e (8178

20000 KWhia
=110'000 kWhia

85 KW

e Heating demand: 110’000 kWh er— &
e COP heating: 4.0 Core,zs A

e Heat demand domestic water: 20’000 kWh

e COP domestic water: 25

e Cooling energy demand 120'000 kWh

e Max. freecooling - inlet: 19°C Fresecoing

Example 5 Monovalent heating with active cooling

e Amount of boreholes: 13 0= 85w 5

e Borehole length: 140 m SR

e Borehole type:
e Heat output heat pump:

40 mm duplex
95 kw

Q, = 120000 KWhia

[
alaYa)
—<

20'000 KWh/a

e Heating demand: 110'000 kWh ( i

e COP heating: 4.0 o =

e Heat demand domestic water: 20’000 kWh

e COP domestic water: 25

e Cooling chiller: 85 kw

e Cooling energy demand 120'000 kWh

e EER (=COPc) cooling: 45 I
e Max. borehole inlet: 40 °C w I
Example 6: Solar borehole regeneration

¢ Amount of boreholes: 4 /gk//"'

e Borehole length: 180 m

e Borehole type:
e Heat output heat pump:

40 mm duplex
30 kw

7 samz2
A umwerglast/
unglazed /

e Heating demand: 42°000 kWh

e COP heating: 5.5 h =30

e Heat demand domestic water: 33’000 kWh Quw=33000KWh

e COP domestic water: 4.0

e max. borehole —inlet :35 °C

e Area unglased collectors: 80 m?

e Weather Dataset: Zirich SMA o

e Offset weather: 7h

Example 7: Anergy network with solar seasonal storage
Anergienetz, Wasseriohne Frostschutz / without antifreeze / sans antigel

e Amount of boreholes: 21 33 O = 5 e Hmc-mumgf ;D

e Borehole length: 180 m Eg 400 m2 1000 Liter

e Borehole type:
e Heat output per heat pump:

40 mm duplex
21 kW

unverglast /
unglazed /
non vitré

ki
T

N &=
e Amount Heat pumps total: 2 \\ Sopn=s | e
e Heating demand all homes: 168’000 kWh L = |
e COP heating: 6.0 —]“ ? g O e
¢ Heat demand domestic water: 134’400 kWh DT é
e COP domestic water: 6.0 = 4e
e max. borehole-inlet: 35°C 7 9( J
e Area unglased collectors: 400 m2 Som=s,
e Weather Dataset: Zirich SMA -# ’ T Ty e M
o Offset weather: 7h
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Example 8: Heating and active cooling with GW influence

e Amount of boreholes: 12

e Borehole length: 120m s

e Borehole type: 40 mm duplex ’

e Heat output heat pump: 95 kW

e Heating demand: 110’000 kWh =

e COP heating: 4.0

¢ Heat demand domestic water: 20’000 kWh 03 g

e COP domestic water: 25 < 5

e Coooling capacity chiller: 85 kW

e Cooling energy demand 120'000 kWh

e EER (=COPc) Cooling: 45

e Depth groundwater (GW): 8m e—mE

e Material GW-Layer: Gravel e et

e hydr. conductivity GW-Layer:  0.05 m/s - = o0 i \

* Pressure gradient GW: 0.019 m/m i i

e Eff. thermal conductivity Gravel L Qe [ o om N T
(with GW influence, from TRT): 2.8 W/mK il il B

e Thermal conductivity Gravel and ) 0] 2
(w.0. GW influence): 1.8 W/mK sa" 2

Example 9: 36 Energy pole (cement pales) in groundwater

e Amount energy poles: 36 Pcs.

e Amount poles in series: 6 Pcs. an = dokw

e Length energy poles: 20m o 5

e Pole type: Cement, 50cm ;"“

e ,Borehole resistance“ Rb: 0.15 Km/W : -

o Heat output Heat pump: 40 kKW O <[ e TE

« Heating demand: 50°000 kWh 0 Supete, b 20 :

e COP Heating full load: 4.5 35 concrteps. 0. 20m ( &

e COP Heating average: 5.0 S ‘

e Heat demand domestic water: 30°000 kWh A T T ——

¢ COP domestic water: 3.5 e oy [ o s \ | | \ \

e Depth groundwater (GW): 8m Il | A | R _ TNV e \'

e Material GW-Layer: Gravel porane IALIN L HIAH i{:l ¥ N

e hydr. conductivity GW-Layer:  0.05 m/s ves  |sea| 20 |15 [om [AIE ji : E:: | R A

e Pressure gradient des GW: 0.019 m/m PSS P B P B I; Eﬁ: E::

e Eff. therm. conduct. gravel (w. GW): 2.8 W/mK feominen ges | 22 [ 15 | am ji : ;:: SR B TR

e Therm. conductivity gravel (w.0. GW): 1.8 W/mK | ™ T lzs ]z den =L

Example 10: Borehole Regeneration with Air-heat-exchanger

e Amount of boreholes: 4 e ]

 Borehole length: 180m W ot we

e Borehole type: 40mm Duplex - _

e Borehole distance: 9m 4% - "'%

e Heat output heat pump 30 kW

e Heating demand: 42’000 kWh e

e COP Heating: 55 o] Gt e Qh =30 KW / 42'000 kWh

e Heat demand domestic water: 33’000 kWh o o) oo | () Quw = 3000 KU

e COP domestic water: 4.0 H M- — T

¢ Air-heat-exchanger: 40 kW (ENV 1048) v —

e Weather data set: Zurich SMA L;fe“w,mfopw T4e mgm

e Offset weather data: 7h Protlsden

e Radius borehole ri1: 67.5mm N | e

e Shank spacing Bu: 87mm ptmm Ly

e Outer radius borehole pipe rs:  40mm

e Heat conduct. borehole filling: 2 W/mK 4 x 180 m, 40mm-Duplex ‘ 508 {30 Jehve/ 50 yoara /0 ns {50 anvi B afos )
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5 Calculations

5.1 Diagram of the inlet and outlet temperature of the borehole fluid

/* Eingabedaten EWS

File 1 t Edfion Windows Info
32
g /¥ Programm EWS - Berechnung _|O il
—_——
December Iniet Temp »
: F Thin =-10.6"C
Calculation 2 : Fluid! termp, Thimx = -0.6°C
February e
— Year=3
tdarch 12 =+
Oy April
My 97T
Save June
July 8 T
August
3 i
Resufts | September
Octaber ] i
MNovermber
December -3 fl
Extracrate [KiW] ."‘.""' " '
Fluid temp. 5 I
33 Inlet Temp. 3 1
Coaoling system
Airtemp. a2z 4+
Copy Days
Prirt -15 t t t t t t + + + {
Close 0 3 B 4 12 16 14 22 25 28 kil
LFrobeversion mit Frog EWS @ Huber Energietechnik, Ziirich

Fig. 5.1: Diagram of the inlet and outlet temperature of the fluid in December.

32.

the button “Calculation”.
The red line (outlet temperature) and the blue line (inlet temperature) in the diagram give the
fluid temperature of the corresponding month. The two extreme values given in the right,

If all fields are completed correctly, the simulation is executed and illustrated by clicking on

upper corner represent the minimal and the maximal temperature (Tmin and Tmax) during the
entire simulation period.

The results for each month can be viewed, printed or copied (e.g. into a Word file) by clicking
on the required month.

33.

5.2 The diagram of the heat extraction rate

/* Eingabedaten EWS

File Input Import Ediion  Windows Infio

=lolx]

,-‘3"7" Programm EWS - Berechnung

Input

Calculation

Open

Save

il

Calculation
January
February
hdarch
April
ey
Jure
July

&

4

3

Extraction [kKiW]

[ 24h average

January

35

Inlet Temp.
Thin =-10.6"C]
Thlax =-0.8°C
Year =3

August 1 i
October 0 m
MNowvember
December -1 T

Results

34

Fluid temp.
Inlet Temp.
Cooling system
__Adrtemp ||| -4 T
Copy
Print 5

> Energy injectad = 0 [kKiwh]
Energy extracted = 372 [kiwh]

Days

36

0 3 B 9 12 16 14 22 25 31
LFrobeversion mit Prog Evw'S @ Huber Energietechnik, Ziirich

Cloge 28

Fig. 5.2: The diagram of the heat extraction rate.
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34. The heat extraction rate of the boreholes during each month can be viewed by clicking the
button “Extrac. rate”. If the sign of the heat extraction rate is positive, the heat energy is
extracted from the boreholes. A negative sign means that heat is injected in the borehole.

35. The averaged heat extraction rate over one day is shown by clicking on the button “24h
average”.

36. The cooling and the heating energies of the selected month are shown in the diagram
“Extrac. rate”. All input parameters can be saved and opened for a new session by clicking
on the button “Open project”.

5.3 Temperature course over entire simulation period

Instead of monthly visualizations also the entire final year of the simulation period or the entire
simulation period can be displayed. For this the option “Results” in the main menu bar must be
clicked and then “graph of complete simulation” (Or double click the monthly visualization).

#3 Eingabedaten EWS
File Input Import Results Windows Info example
Results

|
By graph of complete simulation ‘ ] Info

| Create new load profile with the following values?
nput [if *hio” the data from the: input file will be taken)

heating energy without tap water 1800 [kwh]  COP atl

Calculation ‘
The course over the entire simulation period appears. Depending on the choice, one can visualize
the monthly maximum temperature (red), minimum temperature (blue) or the average temperature
(green) of the borehole inlet temperature (TSink = Borehole inlet temp.), such as the sole
temperature  TBrine (pink, average temperature of borehole inlet and outlet,
TBrine=(TSink+TSource)/2).
/ | —|olx]

Min/Max TSink [ Min/Mex TSink 1e=193.3 [2]

=
o
=
I
£
=

TSink

Min. TSink 8

e TSink 3 ‘qnh

Mean TSink 7‘.

TBiine ? o

I j

HERRRRE

TSink / TSource:

MingMaoc TSink N

Copy

Schligssen L L

il

1] 5 10 15 20 25 30 35 40 45 50

Arthur Huber mit Prog WS @ Huber Energietechnik AG, Ziirich years [a]

Fig. 5.3: Graphical visualization of the sole temperature over the entire
simulation period. In this example the monthly maximum (red), average
(green) and minimum (blue) of the borehole inlet are represented.
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5.4 Visualization of yearly course (last simulation year)

Min/Meur TSink ra TSink{bhue) } TSowce(red) while running 1= 1421 o] Min/Mase TSink ra Dayly Minimur(blue) and Mexinum(pink) of TSink te= 1421 [a]
i n
Tsink Tsink
Min TSink @ 1 1 T 1 Min TSink. o 1 M A N M h
M Tink 2 § M Tink 2 " i ) I ﬂ
Meen TSink Meen TSirk
2 - R | . 21 e
TBine TBine
18 + - -4 " 18
— I T == M
15 1L ‘ 15 I
| ey
[ : TSink/ TSowee| | |
Min/Maxx TSink ] Min /e TSink. ﬂ MWW
9 — a )
o | Cony w Mg |
5 ( & =) s
o ! ~—
k) El
0 o

0 1 2 4 5 B 7 [ 10 " 12 0 1 2 4 5 B 7 [ 10 " 12

At Hubermit Prog EWS € Huber Energietechnik AG, Ziiich morth oflestyear Artur Hubsrmit Frog EWS @ Huber Enargistechnik AG: Zifich morth oflastyear
Fig. 5.4: Graphical visualization of the sole temperature over the entire last year of the simulation period.
Left: effective course of the borehole temperatures (Without still stand time); Right: Daily extrema.

5.5 Display monthly graphs

Due to insufficient computing power, it may happen, that during a calculation the displayed graph
disappears or only shows an hour glass or a blue circle. Usually it is sufficient to wait until the
computing has completed (it may take a few minutes). After the computing a grey display appears
or the graph has disappeared completely.

48 Programm EWS - Berechnung ® 0 x

Berechnung

Januar
Februar
Mz
Api
Mai
Juni
Jul
August
September
Oktaber
Mavermber
Dzember
Leistung
Sondeniicklauf
Sonden-Temp
Solar-/K shenetz

Luft- Temp

Copy
Drucken

Fig. 5.5: Grey display after a computation with insufficient computing power.
The graph can be opened (without calculation) from the menu: “Results” and selection “graph of
complete simulation”. The monthly graphs as well as the yearly course can be displayed this way.

ﬂ Eingabedaten EWS

File Input Import Results Windows Info example Maps Offset weather data

Results
B graph of complete simulation | Info ] Parameter | Kollektoren
Input | Number of horizontal layers: |1 Extemal earth data :
SwEWS | [

Fig. 5.6: Display of graphical results without recomputing from the menu “Results”
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5.6 The sheet “Results”

Instead of viewing the results in a diagram, the results can be shown in a table, too. The sheet
“‘Results” is opened by selecting it from the pull-down field “Windows” in the menu bar. Here there
is an overview of several results from calculations, such as the coverage of Freecooling.

Case description:

Frojekt Erdwaermesonden

Programm EWS, Ver 3.9 mit Default\Werten

Input data:

Heat conductivity of the earth =
Mumber of boreholes =

Borehole depth =

Borehole distance =

Cuter pipe diameter =

Heat extraction rate in heating condition =
Heat injection rate in cooling condition =
MNumber of days of peak load in February =
Heat extraction rate in peak load =

e needed cooling rate =

= needed heating rate =

DT Supply Air Ventilatar =

Eta heat recovery systemn of the supply air =
El. power consumption of borehale pump =
Power of supplementary heating system =
COP of heat pump at-5°C =

COF of heat pump at 0°C =

COP of heat pump at5°C =

COP of heat pump at 10°C =

COP of hest purmp at 16°C =

Annual running time of heat pump =

Fig. 5.7:

24 W
1
20.0
32 rmrm
1.0 ki
1.0 ki
4 Tage
1.0 ki
0a ki
0a ki
0a ©
0.0o0
W
ki
2416 h

The sheet “Results”.

Graph
Maodify
Calculate

Results:
Energy injected in earth = ’g— ki
Energy extracted out of earth = 2416 kih
Cooling demand of TABS = ki
Cooling demand aof building = [ kwh
Coverage ofthe cooling demand by the boreholes = [ %
Iin. inlet temperature to the borehale = 106 C
Ne inlattemperature ta the horehole = g | C
hex cooling rete of horehales = o kW
Max. heating rate of baoreholes = 1.0 (4
Medium borehale load in July and August = o Wim
Mumber of hours abowve cooling temperature limit = fi h
Cooling energy produced by chiller = fi kitvh
Energy gain of heat recovery system = fi kih
Tatal heat demand = loq15 kv
Mot coverd by heat pump = fi kitvh
- covered by supplementany heating = kivh
Electrical power consumption of heat pump = fi lith
Electrical power consumption of circulation pump = ki
Awerage COP of heat pump = oo
Seasonal performance factor of heat pump = ’W
Fressure drop in borehole = 510 Fa

The following points must be taken into account:

e The indicated pressure loss for the designed mass flow rate considers only the borehole
heat exchanger (without the pressure loss in the supply pipe and in the vaporizer). The
pressure loss of the whole borehole heat exchanger loop and information about laminar or
turbulent flow in the borehole can be found in the sheet “Pressure” (chapter 3.12).
Additionally, the result file shows hourly pressure loss values.

e The total heat demand: If the load was defined with the sheet “Extraction” (chapter 3.7) this
field shows the sum of the heat extraction of the borehole during the last year. If the load
was defined with the sheet “Load” (chapter 3.8) the field “total heat demand” indicates the

heat demand of the building.
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5.7 Report Set Up (Windows 8, 8.1, 10)

To set up a report (only available in Windows 8, 8.1 or 10), the information about the project must
be filled in according to chapter 3.5.After that a representative image, e.g. the borehole field, needs
to be copied into the clipboard, according to chapter 3.5, and using button 5.6, must be inserted in
the sheet Info. In the full version the image from the “Borehole Configuration” can be copied into
the clipboard, by checking the box at the top left.

3 TS oty
1

P | teed | el | Twet | Tesp | Teeet | Tewed | teeed | sew B e \_ 74/ iy s
B /. |

10

i Masking the buttons and copying the e B
image into the clipboard.

o e : ‘
%%‘? . b W 4 71 A = ! o 143 2 RN
= A | [P [N S

=i

X 2 T\ AN
. i g : — T AN
S " ~

LI

1/
|

Fig. 5.8: Hiding the button and copying of the image into the clipboard in the sheet “Field of Boreholes”
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Fig. 5.9: Making the Operation Buttons visible again and leaving the sheet “Borehole Configuration”.
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To set up the report, one can simply press on the Menu bar: File -> Print. Alternatively, on the
sheet “Info”, button 5.7 “Print” can be pressed.

ﬂ Eingabedaten EW5S

File Input Import Results Windows Info example

Open
- oes | Flid | Eath | Load Info
ave
Calculate ct info IExample REFH *interthur
iption IHow-House with neighboring boreholes
New - -
r |Huber Energietechnik &G, Zurich
Exit ent IF!eport Example Programm E'WS, Wersion 5.3
UEEr et kit )
O || r==rees (“JPG ¢ *BMP] | = g B . —
. i’ o RN
e Clipboard g N 3 e 4
Results Print |- : 38 ..\'. ; ; \g
Y, ,
I s :
¥ v
i \ y - ] 'p.u &-‘\ ! ‘-.
- ‘. J \\ k. =
= 2 R N
I ¥ : A ¥
N do/ TN 2
- & # | ! 1 =5 il
E? : : it A
= : A i p
i 2 X T
N L =/ N T
Claze | — .

Pragrarim E'/S, Lizenz fiir Arthur Huber — © Huber Energistechnik AG, Ziiich
Fig. 5.10: Create report by selecting Menu Info -> Print

After selecting the menu “Print”, the project is calculated again and a print menu appears, with the
printer choice. To create a PDF, a PDF printer must be chosen, e.g. “Microsoft Print to PD F”.

Dhrucken Y

Mame Wheraaaf Part to PDF

Status: Bersit
Type Microsoft Print To PDF
Standott:  PORTPROMPT:

OK Abbrechen

Fig. 5.11: Create PDF Report by choosing a PDF printer, e.g. “Microsoft Print to PDF”
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Hint: If there is an error message showing up during the printing process, there is possibly not
enough virtual memory allocated in the system settings of windows.

The report consists of 2 pages. On the first page, initially the project description and the chosen
representation image. As next, the most important data for the simulation is shown (incl. load
profile). The temperature in the undisturbed earth refers to the average temperature over the whole
borehole length before the simulation started.

On the second page the temperature trend of the borehole-inlet (entering the boreholes) is shown
over the whole simulation period. The second image shows the borehole temperature in the
borehole outlet (Source temp., red) and borehole return flow (Entrance in Borehole, blue) during
the last year of the simulation.

Example REFH Winterthur ameie REFH S
Row House with neighboring boreholes Row House with neighboring boreholes
Example Report Program EWS, Version 5.3 Example Report Program EWS, Version 5.3
Huber Energietechnik AG, Zarich Huber Energistechnik AG, Zarich
Complying with SIA 384/8 2 No Complying with SIA 324/8 2 No
s = ra MeMac TS BRI D)
S
8 ‘ i ‘ | ’
; i
‘
] N
.
=< 8577 N\ I
= . .
s s wl Tt
<47\ 1l -t
4 Q] ]
™ I8
| Ty
I g ma
RO
o
15 3
i
.
" OO 77777 (e NN o 10
Pagwn) B g B R s e AT i g
Huber Ermgatechrd: AGmé Frog EVUS @ HubetEneagmeches, AT, Zidich sl
ra TSibe)/ TSouxehed) whie iuving se2mu3fa]
m
.
Borehole depth = 250.0m full load heating rate = 7.0 kW
Number of boreholes = 1 COP at full load = 4.40
Temperatures in the undisturbed earth: = 14.18 °C heating power part load = 7.0 kW 1
Outer pipe diameter = 0.0400 m COP for heating = 4.80
Borehole diameter = 0.135 m tap water heating rate = 8.8 kW
Heat conductivity of the earth = 2.50 W/imK COP for tap water =3.10
Borehole resistances Ra = 0.179 KmW cooling capacity = 0.0 kW o
Borehole resistances Rb = 0.040 KmW EER for cooling = 3.00
Mass fiow rate in all boreholes: = 0.4 kg's heating energy without tap water = 13000 kWh
Pressure drop in borehole = 27630 Pa (turbulent) heating energy for tap water = 4500 kWh
Min. inlet temperature to the borehole =-3.4 °C base load heating energy = 0 kWh 4
Max inlet temperature to the borehole = 02 °C cooling energy without base load = 0 kWh
‘Simulation period [years] = 50 base load coofing energy =0 kWh
Energy injected in earth = 0.0 kWh Borehole load = 21.64 W/im
Energy extracted out of earth = 13170.7 kWh Borehole load = 52.9 kWhim
Heat extraction rate in peak load = 5.41 kW days of peak load = 1d 8
Number of days of peak load in February =2 d Temperature difference in-out [K] = 3.00 K
o
Hukow Ermgetechek AG i Frog EWS D Hube Enegetectrit AG. Zidch v
Programm EWS, Ver 5.3, Huber Energietechnik AG, Zirich Huber Energietechnik AG, Ziirich / 11/07/2019 11:41:38 Programm EWS, Ver 5.3, Huber Energietechnik AG, Zirich 2 Huber Energietechnik AG, Zirich / 11/07/2010 11:41:38

Fig. 5.12: Report Printout on 2 pages (left: page 1, right: page 2).

Hint: The pictures on the second page only show up, if a picture in the sheet “Info” is imported
(Button 5.5 or 5.6)

If the simulation period is set to 50 years (Enter in Field 10.15), the program checks the
compliance with SIA Norm 384/6:2010 (or the base requirement R1 of the SIA Norm 384/6:2019)
and displays the compliance with these norms in the header of the report. It must be pointed out,
that for the compliance with these norms, a minimal uninterrupted-run-time (Field 10.7) of 1 day is
necessary. By entering an own hourly demand load profile a correct verification of the norm is not
possible.
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6 ANNEX A: Description of the model

Extractions of the models in the EWS Program are given in the following. However, only the parts
are shown which are required for the comprehension of the input parameters. A more complete
model description can be found in [5], [6] and [9].

6.1 Simulation area

The vertical heat conduction close to the borehole (< 3m distance to the borehole) only has a
marginal influence on the ground temperature in this area, when the borehole depth is more than
50 m. Therefore, for this area the calculations neglects the vertical heat conduction. As a
consequence, the heat equation in cylindrical coordinates can be solved one-dimensionally for
each layer. Thus, it is possible to define different layer properties. This allows to calculate the
common case in which the ground consists of various layers with different properties.

The Crank-Nicholson-method is used for the simulation
of the ground temperatures close to the boreholes (1.5
- 3m).

The averaged sole temperature of the corresponding
layer is taken as an inner boundary condition. The sole
is simulated unsteadily with an explicit time step
procedure. Thus, it is possible to calculate the start-up
behavior of the borehole.

The outer boundary condition is calculated with the
dimensionless thermal response factor (g-functions,
see 6.3.3). There is the option to choose between the
methods of Carslaw & Jaeger [1] or the one of Eskilson
[3]. The problem of the inconstant heat extraction rate
and the regeneration of the earth can be solved by the
superposition of an optional number of constant heat

Simulation extraction rates which start at different times.
area

The chosen method allows us to use different time
Outer boundary condition with thermal response= steps within the program: The shortest time step is

used for the unsteady calculation of the fluid, while the
Crank-Nicholson calculation in the simulation area is done with a larger time step. Even a time step
of one week is sufficient for the calculation of the ground with the g-functions outside of the
simulation area. The different time steps are plausible because of the following reasons: The
smallest time step is needed close to the boreholes since temperature disturbances always come
from the boreholes. Farther from the boreholes only averaged heat extractions or inputs are
observed. The use of different time steps allows us to simulate the boreholes with less computing
time (compared to other methods) and without a loss of accuracy.

<
<
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6.1.1 The simulation of the time step

Basically, there are two operation modes
for boreholes:

Iteration =0

1. Cooling of the borehole outlet
temperature with a given heat

Temperature_old = Temperature = extraction (QOutIet, [kW]) of a heat
Temperature Temperature_old
(earth and fluid) (earth and fluid) pump

\ 2. Heating or cooling of the borehole

Write the borehole . .

outlet tempertature to a given temperature (Tiner) during
into a file

a process (e.g. use of the borehole

| for the cooling of a building).
Read the borehole
inlet temperature or

the heat extraction The program EWS provides both operation
i modes. The iteration goes towards the
extraction rate if the input parameter “heat
PS—— extraction rate given” is set to “yes” (field
fluld ‘ kﬂ 6.2). No intern iteration is done if “no” is
selected in the field 6.2. In this case the

borehole outlet temperature (Touter) IS
calculated for a given borehole inlet
temperature (Tinet). Therefore, the input of

-

idt=idt +1 . i
ves Ej the borehole inlet temperature is
Calculation of the necessary. The entered borehole inlet

earth

temperature is only used as a first
approximation for the start of the iteration, if
field 6.2 is set to “yes”.

Iteration on
extraction

Iteration =
Iteration + 1

TSinkOld = TSink

TSink = TSource —
Qsource/cpsole/m

‘Abs(TSink -
TSinkOld) <
accuracy

yes

no
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6.2 Calculation grid

borehole
diameter Dy

earth borehole

length

filling

The calculations are done in an axially symmetric grid.
The ground is divided in the axial direction into equal
segments of the length dl.

The grid is variable in the radial direction. The grid is
defined by the grid factor f:

Grid Factor f eq. 6.1

The grid can be calculated as given in eq. 6.2 to eq.
6.4 if the simulation area is set to the maximal
calculation radius rm, whereof m represents the
number of calculation points in the radial direction:

D
= 7‘ eg. 6.2
D, borehole_diameter
n=—= eg. 6.3
2 2
. 1-f i
. _ j-2
for j=22: r=r +(r,—1) T f eq. 6.4
TEarth(i,4)
R4 A grid factor of 2 doubles the difference of the radius
TEath(i,3) between two calculation volumes.
C3
Earth ~ 1—R3 The mass balance point, which is important for the
TEath(i,2) ) determination of the thermal resistance, can be
r3
_ =i calculated as showed below:
Filling —R2 rz3
TEdrth(i,1) °
grth(i, - rz2 2 2
. (rf+1)
Fluid 4 }D o Def: ;= % eg. 6.5
o +
) RO ) RO ‘f )
TEarth(i-1,0) L_TEadrlth(l,O) TEarth(i+1,0)
Fig. 6.2 The calculation grid of the borehole.
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6.3 Heat Equation and the thermal response g

6.3.1 Heat Equation

For the following considerations, it is assumed that the dominant heat transport mechanism in the
earth is the heat conductivity. Hence, the convective heat transport by water flows in the earth is
negligible. The problem of the heat conductivity of the earth around a borehole is axially symmetric.
The heat equation in radial direction around a borehole can be written in axial coordinates as:

1 . aTEarth _ 82TEar'(h + } A aTEarth

= eg. 6.6
a ot or? roor a
whereby the thermal diffusivity a is defined with
A
Def: a=——— eg. 6.7
CpEarth ' pEarth

The heat equation is linear. Hence, single boreholes as well as borehole fields with geometric
similarity, have similar thermal responses. The similarity is for the temperatures in the earth for all
radiuses r around the boreholes and for all times t.

Thus, the heat extraction rate from a borehole causes a temperature drop ATeaw in the earth
around the borehole compared to the unaffected earth (= temperature funnel). This funnel grows
radially with the ongoing extraction. The temperature drop ATeawn Can be made dimensionless by
using the specific extraction rate g and the heat conductivity Agarmn.:

Def: g“i%:A&mAn22ﬂlam eq. 6.8

6.3.2 The radial temperature funnel
In the steady case the radial heat flow in the borehole close-up range is constant and the following
equation can be used:
0 _OTewn , _09 4
2.z-r o FM o 2.x
The integration from r to r; results in:

olr)= (1)~ nn(i] g, 6.10

)

eg. 6.9

This relation allows us to estimate the temperature behavior of the borehole with a single thermal
response. Additionally, if the thermal response g on the point r; is known, the thermal response g
on point r can be concluded on. But please note that the assumption of the steady case can
produce major deviations for small time steps.
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6.3.3 The dimensionless thermal response g

Carslaw & Jaeger [1] solved the heat equation for infinite line sources analytically and found the
following relation for g:

eq. 6.11

|
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in which y=0.5772.. is the Euler constant.

Werner, A.; Bigler, R.; Niederhauser, A. et. al. [20] got an identical solution using an analogy from
the water well equation. In the program EWS, eqg. 6.11 is implemented. This equation can be used
for an outer boundary condition of the simulation area as an alternative to the g-function by
Eskilson.

The approach by Carslaw and Jaeger leads to a continuous growth of the temperature funnel since
for an infinite line source neither the inflow of heat from the top nor from the bottom is possible
(due to symmetrical reasons). No equilibrium condition can be reached with the approach by
Carslaw and Jaeger. The University of Lund developed an approach for boreholes with a finite
borehole length H. This, because shallow boreholes use primarily the heat which is stored in the
earth through the surface.

According to Claesson and Eskilson [2] the boreholes have a time constant ts, with which the
temporal behavior of the ground around the borehole can be made dimensionless:

HZ
t.=— .6.12
=% eq. 6
Thus, the dimensionless Eskilson number Es
t 9a
Es=—=—-t
L 12 eg. 6.13

S

can be treated as a dimensionless time for single boreholes and fields of boreholes. Further
information on this topic can be found e.g. in Loose [21].

Especially for unbalanced, annual heat extraction balances the knowledge of the time constant t is
fundamental. Until the time Es = 0.1 one must consider strong cooling or heating of the earth. After
this only small temperature changes occur. The equilibrium condition between heat extraction and
heat inflow from the surrounding earth is reached after approximately Es = 10.

For a single borehole such as for field of boreholes, the dimensionless thermal response g (= “g-
function”) by Eskilson (1987) is only a function of the dimensionless time Es and the dimensionless
borehole distance ro/H. This is based on the assumption of a constant, specific heat extraction rate
per borehole length (q).
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For single boreholes within a range of 5ri%/a < t < ts the g-function can be approached with a
maximal deviation of 7% by

H
a(t,r) = In(§)+0.5ln(Es) eq. 6.14
1

For time periods longer than ts, the single borehole converges to the following equilibrium
condition:

H
g(r)) =In(-—) eq. 6.15
2.1
As an example, the g-function of two boreholes with a distance B between the boreholes is shown
in Fig. 6.3. As a comparison, the g-function of a single borehole is illustrated with a dashed line.
Other thermal responses for borehole fields can be found in Fig. 6.4.

T 1T 1 1T T T T T T
2 boreholes

rb/H = 0.0005

12— -
B8

—

o o

o
T
1

g-function
[+
T

Dashed 1ine = single vertical borehole

M I R R R N S RERNY B S I
12 3 4

=1 0
InCE/tg)

Fig. 6.3 The dimensionless thermal response g for 2 boreholes with a distance B by [3].

6.3.4 The comparison of the models

In Fig. 6.4 the approach by Carslaw & Jaeger for an infinitively deep borehole is compared to the
approach by Eskilson for a borehole with a depth of 10m, 100m and 500m respectively. There is
almost no deviation observed of the models until the time constant ts is reached.

Dimensionless thermal response g from various references
o 10
[=2]
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8 ==
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L
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4 g e
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3
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L~
1
0
0.001 0.010 0.100 1.000 10.000 100.000 1000.000 10000.000
years [a]
a=0.000001 m2/s, rb=0.06 m Werner Carslaw & Jaeger
= = = <Eskilson, borehole depth = 500m = = = -<Eskilson, borehole depth = 100m - = = -Eskilson, borehole depth = 10m

Fig. 6.4 The dimensionless thermal response g by Carslaw & Jaeger [1] and Eskilson [3]
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6.4 The calculation of the g-function with the principle of superposition

Normally, each borehole in a field of boreholes is fed with a fluid of the same borehole inlet
temperature by a manifold. Hence, the load is attached parallel to all boreholes. In this case the g-
function of a borehole field can be approached by the superposition of various single boreholes.
We do not have to think about a deviation for shorter time steps (unsteady effects) since the
program EWS only uses the g-functions as an outer boundary condition which usually is calculated
in time steps of one week. Thus, the accuracy of the steady equation is sufficient to approximate
the influence of the borehole field on a single borehole x. The stationary equation 6.10 can thus be
used to estimate the influence of a borehole x on borehole y with sufficient accuracy. The borehole
distance A,y between the borehole x and the borehole y is used instead of ry:

0.0-ote)-w] £+ 5 o)-n( 2 eq. 616

1 y=1 1

With a parallel operation of the boreholes, the g-function of the whole borehole field can be
calculated with the average value of all n boreholes:

o-ole)-+{ 1+ 255 o)-n{ % cq. 6.7

I 1|yt fi

6.5 The consideration of neighboring boreholes

In the Pro version of the program EWS there is the new possibility to consider neighboring
boreholes. Hereby the program assumes that neighboring boreholes have the same thermal load
as the boreholes of the present project, such as the same depth. Under these assumptions the g-
function g(r) that considers neighboring boreholes becomes:

o)-sfe)-n{ o 2 E 7S o) 2| cq. .18

y=1

Where n is the total number of boreholes (project boreholes + neighboring boreholes) and m the
amount of neighboring boreholes (that do not belong to the present project). This means the g-
functions of the single boreholes under consideration of all the boreholes (Project boreholes and
neighboring borehoes) is calculated like a large borehole field according to equations in chapter
6.4 and is then averaged for all boreholes of the present project.

This concept of consideration of neighboring boreholes is indeed quite simplifying. Yet experience
often shows that neighboring boreholes are designed with the same criteria as the present project
boreholes, due to the same norms and legal conditions serving as base for the
design/dimensioning. The time sequence of the borehole projects leads to the fact that older
projects do not anticipate the following projects and the borehole depth tends to be too low.
Considering this, the results of eq. 6.18 lead to optimistic results. This equation is well suited for
regional planning and for the calculation of future legal requirements for the consideration of
neighboring boreholes over the property borders.
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6.6 Geothermal heat flux and temperature gradient

The heat equation, written in form of the Fourier law, looks like the following, for the geothermal
heat flux qgeo from the interior of the earth in stationary conditions:

qgeo =1 ATgeo [\N/mz] eg. 6.19

Where ATgeo is the temperature gradient in the depth and A is the thermal conductivity of the earth
layer. In the outer earth crust in flat terrain and stationary condition the geothermal heat flux in the
depth is approximately constant, but the temperature gradient fluctuates with the thermal
conductivity of the stone layers. A higher thermal conductivity leads to a lower geothermal gradient.
Groundwater flows and topography (mountains, valleys) can lead to qgeo not being constant in the
depth [14].

6.7 The borehole temperature Tp and the fluid temperature Ts

The thermal response AT has to be subtracted from the undisturbed earth temperature at the
beginning Tm to get the temperature in the earth (principle of superposition). The temperature on
the border of the borehole Tean(ri1) (=borehole temperature T,) can be calculated from g and Tn,
with:

q

Ty )=To )Ry =T (2)
Earth

g(t.r,) eg. 6.20

Tm is the average earth temperature in the depth z under undisturbed conditions. This is calculated
with the averaged, annual surface temperature of the earth Tmo and the temperature gradient
ATGrad-

The specific heat extraction rate ¢ is defined in the program EWS by the total heat extraction from
the boreholes Qg ..,eer MiNUS possible following heat fluxes from groundwater Q,, or the building
influence Qg,qi, » divided by the borehole depth H and the amount of boreholes n.
. QSonden _QGW - QBuiIding
q =

n-H

eg. 6.21

The influence of groundwater Qy,, is calculated based on eq. 6.42.

The averaged, annual surface temperature is equal to the averaged air temperature plus a mean
surface warming which usually is between 0.8 and 2°C. The temperature gradient ATgraqd typically
ranges from 0.025 to 0.045 K/m in Switzerland.

The mean borehole temperature over the borehole depth 1Tb is defined as
N l H
Def T, =—[ T,(2)-dz eq. 6.22

In the case of a constant heat extraction rate per borehole length (q) it is possible to calculate the
mean borehole temperature over the borehole depth T, with

T, =T, -R, =T, — g

b m g4 m 27 A eant g(t.ry) eq. 6.23
whereby

— H

Tm =Tmo _ATGrad ? eq. 6.24
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6.7.1 The fluid temperature Ts

The mean fluid temperature Tr is defined as the arithmetic mean of the upward and downward

flowing borehole fluid.

Tup (Z) + Tdown (Z)
2

Hence, the fluid temperature T is a function of the depth z in the borehole. The mean fluid
temperature T, is defined as

Def: T,(2) = eq. 6.25

. 1
Def: Tf = E ’ (TOutIet +Tlnlet) eq. 6.26

6.8 Thermal resistances Raund Ry in the double-U-pipe

An idealized double-U-pipe with the borehole radius
r. and 4 borehole pipes (with an inner radius r, and
an outer radius rs) is shown in the picture on the left.
In two borehole pipes the borehole fluid is flowing
downward while in the other pipes the fluid flows
upward. The heat conductivity of the filling is Agi, the
one of the borehole As and the surrounding earth’s
heat conductivity is Aearn. The exact position of the 4
borehole pipes can be described with the
eccentricity parameter b.

Bu
2.1

b:

eq. 6.27

Fig. 6.5 The nomenclature on the double-U-pipe.

The eccentricity parameter b is defined by the pipe distance Bu (“shank spacing”) (see Fig. 6.5).
The geometrically maximal limit of the eccentricity byax is:

2-r,=2-r r
b, =—1 = s_1_3
Max 2, G eq. 6.28
The geometrically minimal limit of the eccentricity (for a not centered borehole pipe) is:

r.S
b iy = eg. 6.29
rl
The conductivity parameter o is defined as a pure substance property by:
o= /IFiII — //)’Eanh

= eqg. 6.30
A + Aeary .

The intern thermal borehole resistance Ra. [Km/W] is a characteristic value for the thermal losses
AQi [W/m] (related to the length) of the upward flowing fluid to the downward flowing fluid. Ra is
independent from the depth of the borehole:

Def: R — Tup (Z) _Tdown (Z)

a eqg. 6.31
Ad,(2) g
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The thermal borehole resistance Ry is defined by the mean fluid temperature T in the borehole and
the borehole temperature Ty:

q
The borehole resistance Ry is independent from the borehole depth and consists of the resistance
of the borehole filling Rc and the resistance of the heat transfer from the filling to the borehole fluid
R

eg. 6.32

R, =R, +R, eg. 6.33
The resistance of the heat transfer R, can be calculated for double-U-pipes with
1
R eq. 6.34

“ 8 ra-r,

6.8.1 The internal borehole resistance Ra by Hellstrom [4]

According Hellstrom [4] (1991, P. 147, formula 9.149) the internal borehole resistance Ra for
double-U-pipes with a symmetric configuration of the pipes can be calculated with:

S N W5 NP (515 S o | R S eq. 6.35
T T e : 2\, ) 2 b )| 270 oo

(o) (0]

in which the thermal resistance Rs of the pipe wall is calculated with:

1 r
R, = -In[sj eg. 6.36

6.8.2 The borehole resistance R, by Hellstrom [4]

The borehole resistance for a double-U-pipe can be calculated by Hellstrom [4] (P. 89, eq. 8.69)
with:

(I ’
Bu? Bu*
4
Ro= bt lpem[ 5 )em( 5 )soom 5| e 6.37
" 8.7 Ay r, Bu . Bu* €q. o.
4_ S0
16 1+ r2 Bu*-r!
— S11+o
1-p Bu [4 Bu“]
rt -
16
and
1 1 r
=27 Ay IR, +R, [= A5 | —+—-In| = 6.
Vit Fill [ a w] Fill |:r0'0“ A [roﬂ eg. 6.38

Bed_EWS55_Eng.doc 86 Huber Energietechnik AG



Program EWS, Ver. 5.5 @ Huber Energietechnik AG

6.9 Thermal resistances Ra/ Rp of a coaxial borehole

i ' Nomenclature of a coaxial borehole

The idealized coaxial borehole is shown in Fig. 6.6.
The borehole with the borehole radius r; is colored in
gray.

The filing has the heat conductivity Aru, the inner

borehole pipe Aw, the outer borehole pipe As and the
earth Aearn.

The inner and the outer radiuses of the inner borehole
pipe are ri and ra. The inner and the outer radiuses of
the outer borehole pipe are r, and rs.

}\‘Eaﬂh

Fig. 6.6 Nomenclature of a coaxial borehole.

6.9.1 Modeling of the internal borehole resistance Ra

The definition of the internal borehole resistance Ra in eq. 6.31 is valid for the coaxial borehole, as
well. Hence, the thermal resistance is the sum of the heat transfer resistances of the upward
flowing fluid to the inner borehole pipe (1 term), of the thermal resistance of the inner borehole
pipe (2" term) and of the heat transfer resistance from the inner borehole pipe to the downward
flowing fluid (3™ term):

R |t 1 (e}, 6.39
20, 274, \r) 2z a, &d- -

6.9.2 Modeling of the borehole resistance Ry

In the case of a coaxial borehole, Ry is defined as the thermal resistance of the outer borehole fluid
(normally the downward flowing fluid) to the wall of the borehole (at the radius r1):

R, = ! + ! -Inr—s+;-lnr—1 6.40
"2 0, 27 A L) 27 A T eq- -

(o) S

6.10 Heat load of groundwater flow

According to the Darcy-law the specific flow rate vs (=Darcy speed) is the product of the hydraulic
conductivity kr and the pressure gradient i of the groundwater:

Assuming the flowing groundwater has the same temperature as the untouched ground layer it
flows in, the delivered heat load by groundwater over the flow cross section Acw out of the
temperature funnel (cooling of ground temperature compared to untouched ground, due to the
borehole) can be defined as:

QGW =V - A3W * Chwater * Pwater * AT €q. 6.42
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6.11 The analytical borehole equation

6.11.1 The concept of thermal resistances

The concept of thermal resistances is based on a “steady” condition and postulates a linear
relationship between the temperature gradient and the specific heat loss:

Tuser — Theatsource = ZR CI eg. 6.43

The thermal resistance of the borehole heat exchanger systems can be split up as follows:

O — yo

™~
7
el
ol

Rm
H/2
P b
T :
-m—:é R%@ drilling depth H
R, TITO
Tdm, =B down

T =To - [R,()+R, +R, |q

VZ l

undisturbed borehole average fluid average fluid borehole inlet
earth temperature temperature temperature at temperature in temperature
at depth H/2 depth H/2 the vaporizer
Tm Tb Tf Tf Tlnlet
Ry —@— Rb |
Fig. 6.7: Thermal resistance of a borehole heat exchanger systems

6.11.2 Thermal resistance R¢(evaporator)
In a steady condition, the heat balance of the evaporator and the earth can be written as:
(TOutIet _Tlnlet)' m- CPria = Q/aporizer = QBorehoIe = H- q €d. 6.44

Considering eq. 6.26 the following equation for the thermal resistance of the evaporator Rs can
be defined as:

_ H _
T, =T.+—q = T, +R; -0
Outlet f 2.M- Py q f 0 eq. 6.45
et = T _Lq = T,-R -q 6.46
Inlet f Z'm'CpHuid = f f €(d. o.
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6.11.3 Thermal resistance Ry, (temperature loss along the borehole)

In the heat extraction case the highest average fluid temperature Ts is at the bottom of the borehole
heat exchanger. During the transport of the fluid from the bottom of the borehole, the fluid yields a
part of its heat energy to the downward flowing fluid and sometimes also to the upper earth layers.
Assuming that there is a constant specific heat extraction rate for the entire borehole length g
(which is a reasonable assumption for most boreholes), the following relationship for the fluid

temperature results [9]:

HZ ZZ
- —7-H+—
H | otH) .1 3 "2

H-z

Tup (Z) = Tmo + ATGra\d ' ? -

b .2 2 - .
27 Aoty R, M -CPpyi 2 CPgy g

H 2 ZZ
- —7. H + —
Tdown(z)szo-’-ATGrad'i_ g(t’H) +Rb+i' 3 2 22 + |._|_Z
2 27 Aoy R, M* - CPgyig 21 CPgy
Tlnlet 13.0 Tf 14.0 TOutIet

Depthz O \ \ 1
M5

0 \ \

60 \

" N

N

N

40 AN

160 T: (z=H/2) \
\

180

200 \ \

L~
I
\\§¥

220 \
240

260 \ /
280 \ /

300

© Huber Energietechnik AG, Zirich Temperature [C]
= Tdown — Tup —Tf

Fig. 6.8: Temperature profile of the fluid according to [9].

Thus, the thermal transport resistance Rn can be defined as:
H) = . 1 H? .
Tf(zz_j_TfERm'q: R > |4
2 3-R, m " CP g
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eq. 6.47

eq. 6.48

eg. 6.49
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6.11.4 Thermal resistance of the earth Rq

The thermal resistance of the earth Ry follows from the temperature difference between the
borehole surface temperature and the temperature level of the undisturbed earth on the same
depth. The definition of Ry follows from the definition of the g-function (eq. 6.8):

Tn _Tb:AT(r:rb’t):%'g(rbvt):Rg'q eq. 6.50

The particularity of the thermal resistance Ry is that it is a function of the time and that it is
permanently increasing under a constant heat extraction rate (see chapter 6.3).

6.11.5 The analytical borehole equation

The analytical borehole equation follows from the combination of the different thermal resistances

of the borehole and its surroundings:
TOutIet :Tm _(Rg + Rb + I:Qm - Rf ) q eqg. 6.51

Toiee =Ty —(Rg +R, +R, +R; )¢ eq. 6.52

Replacing Tm with eq. 6.24, Ry with eq. 6.50, R with eq. 6.49 and Rs with eq. 6.45 in the analytical
borehole equation:

H g(t,r) 11 H? H
TOutIet:Tmo+ATGrad '?_ 1 +Rb+§'R_ 2 2 _2 N eq 6.53
7T Agarth a M- CPgyg M - CPgyig
and
H a(t,r) 11 H? H
Tiet = Tio T ATgraa -?— —2 i +R, +§R_ > 775 g eg.6.54
7T Akarth a M- CPpyg M- CPEyyig
undisturbed borehole average fluid average fluid borehole inlet
earth temperature temperature temperature at temperature in temperature
at depth H/2 depth H/2 the ﬁporizer
Tm Tb Tf Tf Tt
Ry ~—@— Rb |
Fig. 6.9 Thermal resistance of a borehole heat exchanger.

The analytical borehole equation is suited perfectly as a tool to assess the dimension of a result or
to check the plausibility of a result.
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7 ANNEX B: Input of a particular g-function

7.1 Example 1: The input of a g-function by the values of the function

The g-function published by Eskilson [3] with 9 boreholes in a quadratic configuration (see Fig. 7.1)
and B/H = 0.10 shall be entered as unique g function. The borehole length H is 100 m.

7T T - T 1 "~ T 11711
9 boraholes In o square

rb/H = 0.0005 8MH =
2o 0.05
18- .
16~ 4
B 010
171 =S -
%12- 015
é i 0.20 ]
i — -
Sor 0.3 -]
8 -
[ Bre
61— -
ail .

—Iln('c/tso)
Fig. 7.1: Example of a published g-function (from [3]) and the reading of the function value on
the supporting point In(t/ts) = 2.
Select the last option in the field 1.11 which is “special input”. Then, select “yes” in the fields 1.10
and 1.13. The function values of the g-function are read from the graph in Fig. 7.1 on the
supporting points In(t/ts) = -4, -2, 0, +2, +3. The values are: g[In(t/ts)=-4)] = 5.09, g[In(t/ts)=-2)] =
7.00, g[In(t/ts)=0)] = 10.86, g[In(t/ts)=+2)] = 14.68, g[In(t/ts)=+3)] = 14.91. These function values are
to be entered in the fields 1.15 to 1.19. The borehole distance must be adjusted in field 1.20 in a
way that the B/H ratio in field 1.21 is equal to 0.1. This means that the input in field 1.20 must be
10m since the length of the borehole H is given (100m).

¥ Eingabedaten EWS _ ol x|
File Input Import Ediion Windows Info

ot Boreholes | 2Flic |3 Earh | éxraction| 5o |
npul
Borehole configuration
Calculation 1.7 Outer pipe diametar [rm] 0.0320
1.1 Jo2 mem couble-U-pips =]

18 Wall thickness of pipe [m] 0.0030

Open
P L2 Ty ‘ ~ comdal @ U-pins ‘ 1.9 Heat conductivity of pipe [W/mk] 0.40
—— 13 MNumber of boreholes 9
1.4
Resuts Borehole depth 100.0
1.5 Borehaole diameter 0120
1.6 Borehole distance 1000 B/Heft 0100 1.6a

Dimensionless thermal response (g-function)

1.14 tbyH-0.0005
1.10 Boundary conditions with g-functions & ves Mo 1.15 mgts)=4  [5oa
1.16 ngrs)=2  [ro0
117 mt=)= 0 fiose
Graph of g-function 1.12 Graph of g-function 118 ey 22 14.68
1.19ms)=+3  [ram
Input grfunction 113 1.20 Buorehole distance of gfunction  [10.00

1.21 B/MH 0100
Close
[

111 ofuncion: ot defined =]

Programm EWYS, Lizenz fir Huber  ® Huber Energietechnik AG, Ziirich

\
Fig. 7.2: The sheet “Boreholes”, example of a particular g-function for a 3 x 3 borehole field with
a quadratic configuration and B/H = 0.10.
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The entered g-function, respectively the spline-interpolation which is used by the program, can be
checked visually and quantitatively by clicking on the field 1.12. It is necessary to adjust the B/Hesx
ratio (field 1.6) to the B/H ratio of the g-function (field 1.20) if the B/Her ratio (field 1.6a) differs from
the B/H ratio of the g-function (field 1.21). The g-function would be extrapolated from the B/Hes
ratio if the adjustment is not done. The graph of the entered g-function is showed in Fig. 7.3.

[l glunction ts=37.2[g]

D
A 6iunc

g-function

Copy

Print 4

R

Fig. 7.3:  The graph of the particularly entered g-function from Fig. 7.2.

The program EWS uses an automatically extrapolated g-function if the effective ratio B/Hes (field
1.6a) differs from 0.1. This extrapolated g-function can be shown by clicking on the field 1.12. This
means for the above example that if the effective borehole distance B is 8 m, this value has to be
entered in the field 1.6. Hence, the effective B/Hex ratio is 0.08. The extrapolated g-function (using
the value in field 1.12) is shown in Fig. 7.4.

A cfunc =1}

[l gfunction ts=37.2[g]

g-function

Copy

Frint 4

[T

Init/ts) [

-7 - -5 -4 -3 -2 -1 1] 1 2 3

Fig. 7.4:  The graph of the g-function in Fig. 7.2 extrapolated from B/Hest = 0.08.
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8 Table of symbols

8.1 Latin symbols

a
Acw

b

B

Bu
Cpsole
Cpwasser
Di
DimAXi
DimRad
Es

f

g

n

Nu
Pr
4ap

q

9 geo
Aqi
Q
Qow
QBuiIding
Re
lo

Is

fi

la

r

Io

R«
Ra
Rb
Re
Rqd
R
Rm
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thermal diffusivity

flow cross section of the groundwater in the area of the boreholes
eccentricity parameter of a double-U-pipe

distance between different boreholes

shank spacing between the pipes of the upward and the downward flowing fluid
specific heat capacity of the fluid

specific heat capacity of the groundwater

inner diameter of the borehole pipe

number of calculation nodes in axial direction

number of calculation nodes in radial direction

Eskilson number, dimensionless time

grid factor for the calculation grid in radial direction

g-function, dimensionless thermal response of the earth by Eskilson
borehole length, borehole depth

pressure gradient of groundwater

hydraulic conductivity = coefficient of permeability

mass flow rate, mass flow rate in the boreholes

number of calculation nodes in the radial direction (=DimRad)

number of neighboring boreholes (do not belong to present project)

number of boreholes in a field of boreholes (including neighboring boreholes)
Nusselt number

Prandtl number

pressure drop

specific heat extraction rate of the borehole per length

natural, undisturbed geothermal heat flow

heat loss of the upward flowing fluid to the downward flowing fluid

extraction rate, injection rate, power

heat output of grouondwater flow

heat input into earth through building floor or earth poles

Reynolds number

inner radius of the borehole pipe

outer radius of the borehole pipe

inner radius of the inner coaxial borehole pipe

outer radius of the inner coaxial borehole pipe

borehole radius

radial distance from the borehole axis (variable)

heat transfer resistance from the fluid to the wall of the borehole pipe
internal borehole resistance (from the upward to the downward flowing fluid)
thermal borehole resistance (from the fluid to the borehole radius)

thermal borehole resistance (from the borehole pipe to the borehole radius), Rc= Rb- R
thermal contact resistance (from borehole radius to the filling material)
thermal resistance of the evaporator, (Tsource — ﬁ) /q

thermal transportation resistance in the fluid between the depth H/2 and the earth surface

[m2/s]
[m2]

[I/(kgK)]
[I/(kgK)]
[m]

[-]

[-]

-]

-]

-]

[m]
[m/m]
[m/s]
[kg/s]

[Km/W]
[Km/W]
[Km/W]
[Km/W]
[Km/W]
[Km/W]
[Km/W]
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Toutlet
Tinlet
Tup

ts

\'%

Vi

w

z

Stanton number

Thermal Response Test

period duration of the seasonal fluctuation(= 1 year = 8760 h * 3600 s/h )
cooling of the earth around a borehole, compared to untouched conditions
vertical temperature gradient in the undisturbed earth

borehole temperature in the depth z (on the radius r1)

borehole temperature averaged over the borehole depth (on the radius r1)
mean fluid temperature in the depth z

averaged fluid temperature, % (Toutlet + Tinlet)

temperature of the downward flowing fluid in the depth z

longtime mean temperature of the outer air

mean temperature of the undisturbed earth

averaged, annual temperature on the earth’s surface

outlet temperature (temperature of the out streaming borehole fluid)

inlet temperature (temperature of the inflowing borehole fluid)
temperature of the upward flowing fluid on the depth z

borehole time constant

flow velocity

Darcy-velocity = specific percolation = filter velocity

wall thickness of the inner pipe of a coaxial borehole (ra — ri)

depth in the earth, measured from the earth’s surface

8.2 Greek symbols

< N oy ™® R

AEarth
Aeff
Areal
AFill
Aisol
As
Aw

Pwasser
o

heat transfer coefficient of the borehole fluid

dimensionless thermal resistance from the borehole pipe to the fluid
dimensionless pressure loss coefficient (pipe friction number, often 1)
Euler constant, 0.5772..

kinematic viscosity of the borehole fluid

heat conductivity of the earth

Heat conductivity of the earth with groundwater influence (from TRT)
Heat conductivity of the earth without groundwater influence

heat conductivity of the borehole filling

heat conductivity of the isolated borehole pipe

heat conductivity of the borehole pipe

heat conductivity of the inner pipe of a coaxial borehole
groundwater density
conductivity parameter of the borehole filling
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[s]
(K]
[K/m]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[°C]
[s]
[m/s]
[m/s]
[m]

[m]

[Wi(m*K)]
[-]

[-]

[-]

[m2/s]
[WI(mK)]
[WI(mK)]
[WI(mK)]
[WI(mK)]
[Wi(mK)]
[Wi(mK)]

[W/(mK)]
[kg/m?]
-]
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9

(1]
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[3]
[4
[5]
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7
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[14]
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[16]
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[20]

[21]

[22]

(23]
[24]
[25]
[26]

[27]
[28]

Bed_|

Literature

Carslaw, H.S.; Jaeger, J.C. (1959): Conduction of heat in solids. 2™ ed., Oxford Univers. Press, London.

Claesson, J.; Eskilson, P. (1987): Conductive Heat Extraction by a Deep Borehole. Analytical Studies. Dep. of Mathematical
Physics, University of Lund.

Eskilson, P. (1987): Thermal Analysis of Heat Extraction Boreholes. Department of Mathematical Physics, Lund Institute of
Technology, Lund, Sweden. ISBN 91-7900-298-6

Hellstrom, G. (1991): Ground Heat Storage. Thermal Analyses of Duct Storage Systems. Theory. Dep. of Mathematical
Physics, University of Lund, Sweden. ISBN 91-628-0290-9

Huber, A.; Schuler, O. (1997): Berechnungsmodul fir Erdwarmesonden. Forschungsprogramm Umgebungs- und Abwérme,
Warmekraftkopplung. Bundesamt fur Energie, Bern. www.hetag.ch.

Huber, A.; Pahud, D. (1999b): Erweiterung des Programms EWS fur Erdwéarmesondenfelder. Schlussbericht. Bundesamt fiir
Energie (BFE), Bern. www.hetag.ch.

Huber, A. (1999): Hydraulische Auslegung von Erdwarmesondenkreislaufen. Schlussbericht. Bundesamt fiir Energie (BFE),
Bern. www.hetag.ch.

Huber, A.; Good, J.; Widmer, P.; Nussbaumer, T.; Trissel, D.; Schmid, C. (2001): Gekoppelte Kalte- und Warmeerzeugung mit
Erdwarmesonden. Bundesamt fiir Energie (BFE), Bern. www.hetag.ch.

Huber, A. (2005): Erdwarmesonden fir Direktheizung. Phase 1: Modellbildung und Simulation. Schlussbericht. Bundesamt
fur Energie (BFE), Bern. www.hetag.ch.

Huber, A.; Stalder, M. (2020): Rechenmethode WPesti. Handbuch mit Beispielen Version 8.3. EWZ / Energieinstitut Vorarlberg
/ AWEL / FWS / Verein MINERGIE. www.endk.ch und www.hetag.ch.

Huber, A. (2006): Planung von gekoppelten Kalte- und Warme-Erzeugungsanlagen mit Erdwarmesonden.
Weiterbildungskurs 235, Hochschule fur Technik+Architektur, Luzern. www.hetag.ch.

Huber, A.; Ochs, M. (2007): Hydraulische Auslegung von Erdwarmesondenkreislaufen mit der Software ,,EWSDruck” Vers.
2.0. Bundesamt fir Energie, Bern. www.hetag.ch.

Huber, A. (2010): Forschungsprojekt Erdsondenoptimierung: Einfluss der Sondenhinterfiillung. Bundesamt fir Energie
(BFE), Bern. www.hetag.ch.

Huber, A. (2014): Bodentemperaturen und geothermischer Warmefluss in der Schweiz. Huber Energietechnik AG, Zirich,
www.hetag.ch.

Huber, A.; Eberle, S.; Chamberlin, M. (2018): Saisonspeicherung von Sonnenenergie in einem Erdwarmesondenfeld.
Schlussbericht zum Pilotprojekt. Kanton Zirich, Baudirektion, AWEL ( www.zh.ch ) und Huber Energietechnik AG, Zurich,
www.hetag.ch

Leu, W.; Keller, G.; Mégel, Th.; Scharli, U.; Rybach, L. (1999): Programm SwEWS-99. Berechnungsprogramm fur
geothermische Eigenschaften der Schweizer Molasse (0-500m). Schlussbericht. Bundesamt fir Energie, Bern.

Leu, W.; Keller, G.; Matter, A.; Scharli, U.; Rybach, L. (1999): Geothermische Eigenschaften Schweizer Molassebecken
(Tiefenbereich 0-500m). Bundesamt fiir Energie, Bern.

Merker, G. (1987): Konvektive Warmeubertragung. Springer-Verlag.

Remund, J.; Kunz, S.; Schilter, Ch. (2008): METEONORM, Version 6.0. Handbook Part I: Software. Software version 6.1 of
December 15th 2008. METEOTEST, Fabrikstrasse 14, CH-3012 Bern, Switzerland.

Werner, A,; Bigler, R.; Niederhauser, A. et. al. (1996): Grundlagen fur die Nutzung von Warme aus Boden und Grundwasser
im Kanton Bern. Thermoprogramm Erdwérmesonden, Burgdorf. Schlussbericht. Wasser- und Energiewirtschaftsamt des Kit.
Bern (WEA).

Schérli, U.; Rohner, E.; Signorelli, S.; Wagner, R. (2007): Thermische Leitféhigkeit: Eichung von in-situ Messungen (d.h.
»kabellose Temperatursonde®) mit Laborbestimmungen als Grundlage fiir die geothermische Kartierung des Kanton ZH
und der umliegenden Kantone. Bundesamt fur Energie, Bern.

Loose, P. (2009): Erdwarmenutzung. Versorgungstechnische Planung und Berechnung. 3. Uberarbeitete Auflage.
ISBN 978-3-7880-7831-7.

Norm SIA 384/6 (2010): Erdwarmesonden. SIA Zirich.

Norm SIA 384/6 (2021): Erdwarmesonden. SIA Zirich.

Stober, I.; Bucher, K. (2020): Geothermie. 3. Auflage. Springer-Verlag GmbH. ISBN 978-3-662-60939-2.

Koenigsdorff, R. (2011): Oberflachennahe Geothermie fir Gebaude. Grundlagen und Anwendungen zukunftsfahiger Heizung
und Kuhlung. Fraunhofer IRB Verlag. ISBN 978-3-8167-8271-1.

Vela Solaris AG (2019): Polysun Software. Benutzerhandbuch. www.velasolaris.com

Wagner, R. (2021): Erdwarmesonden. Theorie, Planung, Ausfiihrung. Faktor Verlag, Zirich.

EWS55_Eng.doc 95 Huber Energietechnik AG


http://www.hetag.ch/
http://www.hetag.ch/publikationen.html
http://www.hetag.ch/
http://www.zh.ch/
http://www.hetag.ch/publikationen.html
http://www.velasolaris.com/

