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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 t o cal ccupatpe oéesaesodo and
response testso.

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
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:
1 Free borehole arrangement for up to 150 boreholes (full extension) / 600 (Pro version)

1 New, smaller borehole illustration with grids of 5m 1 50m for the illustration of entire district
plans on the original plan (Pro version)

1 Consideration of neighboring boreholes (Pro version) with same and different load profile

=

Depiction of soil temperature for borehole fields and whole districts (Pro version)

=

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)

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

Simulation of restoration measures for overexploited borehole fields

=A =4 =4 4 =

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]).

Bed_EWS55_Eng.doc 5 Huber Energietechnik AG



Program EWS, Ver. 5.5 @ Huber Energietechnik AG

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:

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

9 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
ASprache. ews0 mublderbe fiBEws hexes@meThe | anguage can
selecting the favored language inthe pull-kd o wn menu fAi nf oo.

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.exe0 wi t h a torch on a blue background
must be saved to a directory with full reading ar
and AC/ program files (x86)06 often do msgohs)wor k sin

Bed_EWS55_Eng.doc 6 Huber Energietechnik AG
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2.6 Installation

The program EWS requires no installation. Just
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:

Bed_EWS55_Eng.doc
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Test version:

Theword i Pr o b e v emustibewritben 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
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.

g
A" Lizenznummer ;IQI 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.

Bed_EWS55_Eng.doc 8 Huber Energietechnik AG
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3 Datainput

3.1 Basics of the data input

311 Missing file ALizenz. ewsHh

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 ALizenz.ewsfA is in the same fpyglder
the file ALiIizenz.ewsd into the current program
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 AFloating point division by zerobo.

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.

C 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.

Bed_EWS55_Eng.doc 9 Huber Energietechnik AG
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32 The sheet AfBorehol eso

The number of boreholes, the borehole depth H, the type of the boreholes and their configuration
can be definedont he sheet fABorehol eso.

# 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
. hd
Fig.31: The sheet fABoreholesd 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 t he sheet ,ddd@itoonatihputfields"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 | s 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
et Tiorehales | 2 Fluid | 3Earth | édractmn' Sife |
npu
Borehole configuration
Crlekiion 1.7 outer pipe diameter [m] 0.0320
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 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.33: The sheet

fiBorehol eso

with its options to

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

“Earth

Fig. 3.4: Double-U-pipe nomenclatures.

Bed_EWS55_Eng.doc

The borehole disposition can be entered in the
following manner:

field 1.5
field 1.7
field 1.8
field 1.9
field 3.11
field 3.3

11

Borehole diameter =2 x 1

Outer pipe diameter =2 X rs

Wall thickness of the pipe =rsi 1o
Heat conductivity of the pipe | s
Shank spacing = Bu

Heat conductivity of the filling | s

Huber Energietechnik AG
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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.35: The sheet fABoreholesd, selecting of coaxi al

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.

Bed_EWS55_Eng.doc 12

Borehole diameter = 2 x 1

Outer pipe diameter = 2 X rs

Wall thickness of the pipe=rs1 1,

Heat conductivity of the pipe | s

Outer Diameter of the inner pipe =2 X ra
Wall thickness of the inner pipe =ra’i
Heat conductivity of the inner pipe | w

Heat conductivity of the filling | s

Huber Energietechnik AG
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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
-
hr :EDfEhO‘Eslz Fluid |3 Earth |4xtract|nn|5 Info |
npul
Borehole configuration
Calculation 1 1| _I 1.7 Outerpipe diameter [m] 0.0320
B -
1.8 Wallthickness of pipe [m] 0.0030
Open
1.2 Ty ‘ - comdal = :U*pipei ‘ 19 Heat conductivity of pipe [/ mk] 0.40
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.37: The Sheet fABoreholesd 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-
functi on, i f the field 1.10 is set to fAyeso, ot h
boundary condition calculated by Carslaw & Jaeger is only adequate for single boreholes and
simulation periods up to the response time from eq. 6.12.

Y

Once the entered number of boreholes (field 1.3) exceeds one, field 1.10i s set t o fAyeso
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
Caleulation & borehales in aline, B/H = 0,08 e e el et 0.0320
11 G boreholes inaline, BfH =01 . .
2x2 boreholes, B/H=005 [l s el ] 0.0030
Open 2x 2 hareholes, B/H=01
Q 1.2 Tvp szz barehales, B/H=02 P RNy e [ o40
2x 3 boreholes, BfH=005

Save 2x3hareholes, ByH=01

1.3 rumberef 2x3boreholes, B/H=02

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.38: The sheet fABoreholesd with the borehole configur
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In the following the options for the borehole configuration in field 1.11 are explained:

1 Asingle borehol

efl:

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

RILE
f 1xn boreholes, e.g. 1 x 4 boreholes: Q Q o o
1 B 1
—>
o) o) o)
1 mxn boreholes, e.g. 2 x 3 boreholes:
o) o) o)
o)
1 3 boreholes in a triangle:
© ®
1€—>
B
__@_
8]
__@_
9 7 boreholes in a L-shape:
o)

T 12 boreholes in a square (around a

building):

1 10 boreholes in a U-shape:

2O o

o

Yo o
o o

© O o o

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

f Aspeci al i nputi: Description see chapter 3.2.5.

Bed_EWS55_Eng.doc
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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.39: The Sheet 0 Bor eelygmphestioe extiafgolated gifunction.

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 fispeci al i nput o i nfieldshlel0 dnd 213d 1. 1
Thereafter, the fields 1.14 to 1.21 (see Fig. 3.10) appear on the right hand side.

Bed_EWS55_Eng.doc 15 Huber Energietechnik AG
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/¥ Eingabedaten EWS - ol
Fle Input Import Edtion Windows Info

Boreholes| Fluid | Eerth |Edocion| i |
Input

Borehole configuration ) .
Eatauliatiian 1.7 Outer pipe diamster [m) 0.0320
1.1 [32 mm double-U-pipe =] _
1.8 wallthickness aof pipe [m] 0.0030
o]
LI 1.2 Typ (@ Gl & U-pips ‘ 19 Heat conductivity of pipe [W/mkK] 0.40
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 rbsH=0.0008

1.10 Boundany canditions with gfunciions & Yes © Mo 1.15 mngts)=-4 4820
1.16 mip=l =2 [5500
1.11 gunction:  [zpecial input |
1.17 mwts) =0 [pza0
Graph of g-function 1.12  Graph of grunction 1.18 ntpsi=+2 5570
1.19mes1=+3  [5.600
g grfunction 1.13 | & ves Mg 1.20 Barehole distance of gfuncion  [10.000

FProgramm EMYS, Lizenz fiir Huber  ® Huber Energietechnik AG, Ziirich

1.21 g/H 0700
Close
I

Fig.3.10: The Sheet fABoreholesd duri nfunctidne i nput of a

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:

9 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.

1 Itis 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.

part

1 Ifthegf uncti on was entered under oOspeci al i nputo

g-function can be saved and laterbe r el oaded from the option

1 More detailed information about the g-function can be found in the ANNEX.

Bed_EWS55_Eng.doc 16 Huber Energietechnik AG
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33 A freely designed

borehole configurat:.

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 fAField of bor eflseelFig.8.41).i n the menu
 Eingabedaten EWS
Fie | Input Import Ediion Windows Info
Boreholes
Fiid
Earth Fluid Earh | Extracton| Info |
Simulation
T Extracti iqurati
— Info = \Wall thicks f pipe [rm]
Ventlation schedule = eness pppe 0050
___ Dirzetcooolng  comial & Unpipe ‘ Heat conductivity of pipe [/ mk] 040
Heat pump
pressure d af boreholes II—
s et 20.0
— Ngge boreoke n 2 fied = diameter 0.120
Dimensionless thermal response factor g
Boundary candilions with g-functions & ves No
grfunctian:  [Special input |
Graph of g-function Graph of g-function
Input grfunction Cves & fin
Clase
Programm EvwS, Lizenz fiir Huber Huber Energietechnik AG, Ziirich
Fig.311: The selection of the sheet AField of
The Fu | | version of the program EWS now shows

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

0/0

30m 40 m

4S2

epipiast 52
10m-gid | §3 ‘\
|

delets $4:
S5

‘v—v—v—rl:\ | 1:100:100 2:20.0:10.0

3:300:100

> [s6

o
3

=}
3

5:30.0

Fig.3.122. The Sheet #AFi el
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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 Apr-browserssand caretireii be pdstedo ne 0
into the sheet Afi el d ofmididlemeubedbuteos fnousgwhpe).evms i ng o
users (no mouse wheel), ma y inctteanais mendl Whasovdl add g  c | i ¢
button ACIipboard i ninthénext $idp ¢he dgrid must bd scalee boditl taethe.

inserted map. To do so, with the button S8 ( A's ¢ a | e-Enpwn distanee kan 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:

— (' - _,-"_ sbewil
&% | Online-Karten des Kamtons Ziirich hitpiwwm.giszh.ch ¢ Bat E’\S‘l‘ i \-\_ - "ﬁ: 2 ;’/ @%
BASISKARTEN (LANDESKARTEN, Zentrum: BA04T7 247643 - cpy S2 T G AL
UBERSICHTSPLANE) Bildoreite ca. 168 [m] T _ DU A F == SEEEL AN M I
Kanton Ziirich. Diese Karte stellt einen Zusammenzug von amilichen Daten .. N \ ””W S S“S‘ j,.‘, &1 f’ N 7 \.--""j -—‘.:‘:L_ ,I,!
;Zi::::,:?:;.?::!:m;z:::'::eﬁ:;’:.‘::;“.;i';:;z-“:.;:-;:";1":,;“::““"“““"‘“ Massstab: 1:1000 i Lss e i IS~ =
- | [ 1
ot B/l LTS i LG Iy
N S5 o T G i
b LN U B il (1] NPV T R A AT R
N AP HNR T 14 R S D e S
. NI KT 1 P LA I s e A
| 1] TR o . AL
il m D Y V() L
AN AN AR e - " EFAR
N S " JiRE e AR R
u\ y/-/ o \J} O L [ G ’L'
N =] LA
5 S8 A ST 7 AR AN
7] scae RTDIstanz|[10.000 m_| N LA/ 3 12
R rw s RO RN .S wi]
IX] Y \iji i N i 7/
A A LA T N
=~ LN, [=: \\ \\ ML (772/’/) V“\*-J{
% g
A NE = \\ A NNRL AR Nl 7/
oo N S NN 71
=S I oINS Y
A N \ iR VAN
z SENUNR-S AN NGEE 3710/ NP AN
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 i n
of the existing GIS-browsers as www.gis.zh.ch) boreholesdo the clipboard

,""‘ Programm EWS: Sondenanordnung

/ Programm EWS: Sondenanordnung

v T e ke .
SRR = S, SINL =SS 3
£ 7 ~ D i ;
e Us2 v M Lerrd Y i ! ’ChertQ =47
B e e V) (A LT
show fx S = o ==
| pr— -,Syz‘lvl ‘Qx%;ﬁ H’ St Eﬂ:;“‘LEJ | tom-gne f iz 1315553
st W 3G i %ZP == N b~y s
!§—v—|—. ¥ T N 4|
_—w\(—wﬁgé\G ¥ ‘/%,r‘j , /ﬁfﬁ‘ O 7’J iy [55174-1317 52115 155,21‘8511;25‘;5: EHECH] gng‘ﬁ
% F\557\ Sl - ,’?f\r’\/ ety X ¢ ‘\\ ! 40.153.3'71‘5'.’,:' I K}‘i
j\\\ \ N WJ( '/ ’ ‘,{‘ A\ \ 39:135.7:85.5; ,’ | ”/ ;“r
N \ l% /ﬂw s \\ 341641 EEE:,,, v‘, ‘,“,‘)
XN.S8 S9 Q o e RS \rv \CREECE < y
SN b 97 X NN })‘ \H‘ EREHIED oy
= :LTPistanzjss.ooo m \*-;177777 > L e A NEN
A N & s . ~dfd~ 3615941152
:\\ :’/)<\/ /\‘\\\ j‘é%"." ,'L_‘*ﬂ’. \‘ ; \ A i ," ,";Ir ‘3- St H2793 20511
7S a N AN [ dﬂ%zﬁ \ W ﬁ < ; 7]]1'/ )N 37:172.2:130.7
=l N
s g \\\ \\ \{{é ~ gy \ A7 /g“ ﬂ/{' = o SIE
S NG & %4 AT
) = A T 3
f( <<\ E&—gca i \\ SN e A?> E &CJ b \1\\ ‘Q S Lo \V\b

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!
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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 i Re f e r. @wocfields 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 | Temsd | Temp® ‘ Temp-1 | Temp ‘ Tengs) || Temp2 | Temms®
C T T ——
L s 2054 i 2023
Zl_.i__e;: show e |
. 2150 5
10 - grid -'"---..___“-‘-’\
delete :] K

Meighbor
|sohypsel
|sohypse?

<
e

seale

B0 - grid
Z 20m - gnd
10m - grid
Bm - grid

#m - grid
Bm - grid

£ 5m- grid |

- I ) (
000.0 j200000.0 (/i

1

Fig.3.17. The sheet bfoFiedloditeh®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)

Weather data from Meteonorm

lxtracll

-

Input

TRT
Calculation ExpoiiRola [
Export borehole locations l
Open Import borehole locations —
Input measured data ._
Save Borehole depth ]ZE‘J.U
4]. Rerehnla dismatar NEETEE
To save the borehole positions, on must exit t he

from the main menu, to then cahdoesavs this fife Eoxapapprdpriatto r e h o
folder.

The location file can later on be imported ( Al mport o from main menu an
| oc at incandéfarent 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. 3$Hdeletbswalt Horeholesi del et e o (

By pressing the button S2 the whole sheet can be copied into the clipboard and thus be used for

reporting in other programs, suchas Wor d. The sheet AField of bor e
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 fBoreholesd and can be
,‘7‘?‘ Programm EWS: Sondenanordnung _ |0 ll
LI
T Exit tSl
F
= Copy [[S2
T show tslé - -
— 10m-grig tSIéi 1400100 {z:500:10.0 (3600100
[ delete SI5I
I -« tse
T - S7]D 20.0 5:19.9:20.0 IE 300 20.0 7400 20.0 8:49.9: 200 IQ 500 20.0
‘JD TD'D.SDD “H 19.9:30.0 IQE.SQ.D.SD.D ,‘13 4@.0.300 ,‘14 49.9:30.0 l,JE.Bg.D 30.0
,1|6I1|DDi.i40iD ‘}?I.Elﬂ.?.iémi.ﬂ l,1|8|.3|0.0.i40i0 ,1|9|.4|D.Di.i40i0 ,2|Di4|9.9i.?0i0 ',21|.6|D.Di rDiD
HHHH HAHH - HAH HAH- A
Fig.3.18. The sheet fAField of boreholesd with 21 borehol es
yield the firedd boreholes give a | ower 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.

e 8 x
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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 Afield of -cickihgehol e
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.

5 Programe EWS: Sondensnordnung w8
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Fig. 3.20: Scaling the background map with the scaling buttons (arrow buttons).
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3.3.5 Optimization 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, than the one on the left.

[l gfunction ts = 36.2 [a] [l glunction ts = 36.2 [a]
a0

27

24

21

Int/ts) [ Initfts) []
7 & 5 4 a2 A i 1 2 3 7 &6 5 4 a3 2 A4 i 1 2 3

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.

/¥ Eingabedaten EWS

[ 10m-gid [ |
T,

Fie | Input Import Edition Windows Info I
— delete | [
Boreholes
Fluid <« | [
Earth Fluid 2| Earth 3| Extracﬂél\' Infa 5| 00 10.0 2:200: 100 3300100
Simulation > !
T Extraction e configuration
Parameter - _I Quter pipe diameter
iouble-U-pipe hd
— Info Hr ‘Wall thickness of pip
Wentiation schedule
___ Diectcoocling  comdial & Uspipe ‘ Heat conductivity of ¢ =
Heat purp —
pressure drop of horeholes 5 =
= depth 100.0
Field of boreholes 5
single boreiole in 2 field |5 JEUIEIClS 0138
|
Dimensionless thermal —
5:30.0:300
e
Boundary conditions with g-functions * “Yes Mo 1.10 [T
Initfts) = -2
grfunction:  Special input >l 1.11 nitfts) = 0
Graph of gunction Graph of g-function i 12 In(ifts) = +2
Initfts) = +3
Input g-function & Yes O Mo 1.13
Close graphic input of field * Yas Mo 1.22 single borehale Nr? (0=all) 2| 1.2 3
Programm EMWS, Lizenz fiir Huber  © Huber Energistechnik AG, Ziirich

Fig. 3.22: The calculation of a single borehole in a field 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, call edofANappgpbdbos only when a map is insert
the proover si on. Clicking this button switches you t.
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 ANeighboro again, the mode i presenteptojechac k t o
be added again. Neighboring boreholes can be moved and deleted just as normal boreholes.

. o _|
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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 correctload pr of i | e. For this purpose
properly closed with the button S1 after finishing the placement of the boreholes and a new
calculation must be carriedout. Af t er this the sheet AField cd
(see Fig. 3.11). The desired grid size can now be chosen (S11 i 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 A C o gowttin S2 or the
Ascr eefnusnhcotti onfi 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
AStaoo,
possible as well, in the continuous fade mode (Button S27).

foll owed

G- gid |11 e l
= Z0m-gid [4s12
10m-gid [7]S13 eeees
{ 8m-grid | {S14 T
! 7o - grid
Ern - grid
Brn-gnd |
MHumber

t he

coor di

hates

and

t he

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

iStao.

Export Temp Stao.
be opened with any text editor or Excel.

ews o.

For

By doi

ﬁ Eingabedaten EWS

File

Input

|mput

Calculatior

Open

Save

Rezults

Fig.3.26:Export

Import  Results

Windows  Info
Existing calculation

Earth properties (SwEWS)
Weather data from Meteonorm
TRT

Export Polysun

Export borehole locations
Import borehole locations
Input measured data

Export Temp Stac

Import Ternp Stao

t hilsd,
t hi

Load

0.0

1135

of t he

S

temperatur e

DO mN MM s W=

52382

5

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 inthe 4"c o | u mn

Bed_EWS55_Eng.doc
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ol fe aBrcer ethhoel esshbe eatn dii lRopoe - h e
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the file AStao. ewso
A B C D
Family House with neighboring boreholes
Year *-Koord y-Koord dT Stao [K]
0 110.8 67.8 0
1 110.8 67.8 0
2 110.8 67.8 0
3 110.8 67.8 0
4 110.8 67.8 0
5 110.8 67.8 0
6 110.8 67.8 0
7 110.8 67.8 0
8 110.8 67.8 0
9 110.8 67.8 0
10 110.8 67.8 0
" 110.8 67.8 0
12 110.8 67.8 0
cooling at the |l ocation
of the fAStao.
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34 The sheet AFl ui do

The data about the boreholef | ui d and filling cahubedeoentered in
—l5|x|

Fle Input Impoert Edtion Windows Info

Poreholes 2 Fluid B Earth l[F)dral:ﬂnn'S Info |

Input

Calculation ) )
2.1 Properties of fluid: Immnelhyleng\yknl?ﬂ% nrc LI
Open 2.2 Heatconcuctivity of fluid [¥W/m] 050
2.3 Density of fluid [kg/m3] 1037
S 2.4 Heatcapacity offluid [J/kak] 3905]
_ 2.5 Kinematicviscasity of fluid [m2/s] 0.0000035
Mass flow rate in all boreholes:
2.6 Temperature difterance in-aut (K] 3.0 Mass flow rate [kafs] (0080 2.7
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
2.10 Temperature gradientin the earth ['C/m] 0.030
2.1 1calculate borehole depth  Yes @ MNo
12 Minimal borehole inlettermperature = 3.0 C
Clase
Programm EWS. Lizenz fir Huber Energietechnik @ Huber Energietechnik AG. Ziirich
[

Fig.327. The sheet AFlIui do.

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 possi bil i tmanuallyendeetheevaues ofifireldst2.2doe f i n e ¢
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.

¢

DT G,

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 DTerad 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
DTcra, the geothermal heat flux €., and the thermal conductivity of the earth | eamn exists
the following correlation:

%80: /Earth C"D-I_Grad [VV/ rn?] 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 mu s t be set to AYesh
2.8 i 2.10 will disappear and the fields 2.15 and button 2.14 ( AGr aphd) wi | | appear
these, the temperature profile in the earth can be defined.
Temperatur [°C]
0 - ‘\ | ~ | | | .jl : | | | |
o z = ] ," Eingabedaten EWS

Fle Imput Import Edtion Windows Info

- FBmehuleQ Fuid 4 Eath ABdsctiond o |

Tiefe [m u.OKT ]

Calculation i
.1 Properties of fluid: [moncetylengykal 20% 0G|
Open ;I 2 Heatconductivity of fluid [/ mkK] p50
3 Density of fluid [lkg/m3] 1037
S 5_4 Hest capacity of fluid [J7kgk] 3905
Resuts 15 Kinematicvigcosity of fluid [m2/s] 0.0000035
Mass flow rate in all boreholes:
2.6 Temperaturs differance in-out [K] 30 ass flow rate [ka/s] [0.060 27
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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 13.0°C and the temperature difference in field 2.6 set to 3.0 K). To start the
calculation, the field 211 must be set to fAYesd and the cal
ACallati ono. T h e now rcalcglates nthe EBWBal borehole length with which the
imposed conditions are respected. The resulted length can be read in field 1.4.

35 The sheet il nf o"

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

5
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 dupley
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: Thesheet #Al nfoo.

Programm EYWS, Lizenz fuir Arthur Huber @ Huber Energietechnik AG, Ziirich
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36 The sheet AEartho

On the sheet AEartho the ther mal properties of
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
Boreholes ] Fluid Earth l Extraction ] Infa ]
1 3
- 2 4 E zternal earth data Borehole resistances
npu Number of horizontal layers: 1 Pipe di 1
3111 ipe distance 3.12
Ll SWEWS PShank spacing] noao [
Calculation Properties of the earth: FProperties of the filling: Eonta;t :smtance H; SD'DDD [néKg-\-fL 13
. 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

& [wdmk] P cp
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 fAEartho (wallayer)a singl e, horizont

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 7 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 adjustmentsofthee ar t hdés definition.
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3.2

3.3

3.13

34171 3.6

AProperties dHe averhged pbyaicat groperties of the earth (heat
conductivity | WJmK], density r kd/m?® and specific heat capacity cp [J/kgK]) can

be entered in the field 3.2 if in the field 3.7 A equ al | ayer Bell 33 nd ir

fhomogeneous e ar t hnothisacase, the evdlues are dransferred
automatically to the fields 3.16 1 3.18. The program EWS always computes
internally with the values from the fields 3.16 1 3.18. If the user adjusts the values in
the fields 3.16 1 3.18 in a later phase, it might happen that the inputs (field 3.2 and
fields 3.16 T 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 c alpoopeltiestofes t h
the eartho for t he duvingedcterunbThe edultslare shdvwe@ t h

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 t he Apropert i eheatocdndudtivite | WJmK],I demsity 0

r kd/m® and specific heat capacity cp [J/kgK]) can be entered if in field 3.9
Ahomogenous fillingo is selected (what

usu

done with a single horizontal reasgdkforthe 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 13.6. 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 1 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 1
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 Al nput of t her mal rinetkis
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 f|
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 1 3.6
i f i Mo del o f fieldH 210 lissselectedn tn this wase, 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 MAnAModel of Hel | str°mo.
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
pl aced at the boreholebs walll. However
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 d

ivided 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 fiflde(3guaTlbei sapsiebmrclfiededqumal 0
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 Othe borehole depth.

¥ Eingabedaten EWS

File Input

Import  Results  Windows Info  example

Boreholes | Flid Earth l Esraction | Inio |
1 2 3 4 5

External earth data Borehole resistances

Input Mumber of horizontal layers: [ 3,11 Fine di 3.12
pe distance .
31 SWEWS [Shank spacing] 0080 [m] .
Caleulation Properties of the earth: Properties of the filling: Conta%'?mtance F|d3 g.DDD3 G[mKM] )
3.2 alw/mk] plka/m3] ep [J/kgk] 3.3  aMmK] plka/m3] cpl/kak] RalmkAw] Rb [mi AW Re [mAw,

Open

Save

Results

3.

:

Cloze

UddLld

Homegeneous (240 |2600  [1000 |0 [1180  [3040 [oooo  [oooo foood
[if unknown, leave blank]

(" Equallayers 3.7 3.9 | * Homogeneous filing B.10 Madel of Hellstrbm
i : " Inhomogeneous filing " Input of thermal rezistances

A [wimk] P cp
Depth real [ka/m3] [JAkagk]

14 [0 m sl s o0 [ ]
1800 m [240C 2600 000 [ +]

3.16 3.173.18 3.19

Programm ES, Lizenz fir Huber Energistechnil. 45 @ Huber Energietechnik. AG, Ziiich

Fig.3.31: The s hefetwchBnzontahlayers 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 variati on of the filling materi al can be enter
field 3.9. This option is only available if the layers are equally spaced what implies the selection of
fequal | fialgy 3271 Sindilar torthe 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 7 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 1 3.6 in chapter 3.6.1.

3.31 3.6 The arithmetic averages of field 3.20 and 3.21 are shown after each run in the fields
3.371 3.6.

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

Boreholes ] Fluid Earth l Extraction ] Info ]
1 2 4

External earth data Borehole resistances
Input Number of horizontal layers: [ 3.1 S 11 Fipe distance Toen w312

["Shank spacing’]

2
Calculation Properties of the earth: Properties of the filling: Cortact re:gisiiance Hd3 %DUD BImEMT‘ -
3.2 alw//mk]  plkg/m3] cp[J/kak] alwi/mk]  plka/m3]  cp[l/kok] RamkAw] Rb [mKA]Re [miow
O Homogeneous 240 [2600  [1000 3.3 Jug [1180 3040 [0.000  [o.000  [0.000
[if unknown, leave blank]
Save o 3.8 3.0 - o9
+ Equal layers B CE | -2 Homogeneous filling * Model of Hellstrom

117 Mon equal layers ™ Inhomogeneous earth % |Inhomogeneous filing [ ™ Input of thermal resistances

Results
A [wiimkK] 4] cp
real  [kg/m3] [J/kak] alw/mk] plka/m3] cp [/kaK] RalmKAw] Rb [mk/w]Re [mk /v,

bis 33m [2.40C [2600 [1000 | =] fost [re0 [aoa0 [0ooo  [oooo  [o.ooo
bis 5.7 m [2.40C [2600 [1000 | | fom JrE0 [ame0 [nooo  [oooo [o.0o
bis 10.0m [2.40C [2600 [1000 | ~| Josr e Ja0a0 [pooo  [oooo oo
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

Programm E'WS, Lizenz fir Huber Energietechnik AG @ Huber Energietechnik AG, Ziiich

Fig.332:. The sheet Ahhamodefieous filting ofahe 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).

Boreholes | Fluid Eath | Ewrscton | Info |

External earth data Borehole esistances
swews B omoee g [pmm m 3.12
Calculation Properties of the earth: Properties of the filling: Contact resistance Rd {0,000 [mK/@J 13

3.2 alwWmK] plkg/m3] cp Pikak] alw/mk] plka/m3] opli7kagk] Ra(mksw] Rb [mKA]Ro [mk A

TP Homogeneous [0 a0 2000 [s00 3.3 [o&t [1160 [3040 [gamn |1y |zoE

[if unknown, leave blank]

Input Mumber of horizontal layers: I 3.1

Save
" Equal layers 7 3.9 s Homogeneous filing s Model of Hellstram

(¢ Mon equal layers ] : " Inhomaogeneous filing 3.10( Input of thermal resistances

Uil

Results

A [wmi] P cp
Depth real [ka/m3] [JAkgk]

[300 m [o0c [2000 [e00  [dy rubble -
E [1:50c 2200 [eo0  [NEEEEEER -
[300 m [240c [2600 [1000 b ~
E m E 2600 {1000 m‘.jn Lubb‘e

1500 m 2400 [2600 [1000

3.19

zilt O5H

1800 m 2400|2600 11000 |(silt Ok
il LISk
3.14 3.16 3.173.18 ;:ﬁte sahdstone O5M

fine sandstone OMM Y

Fig.333: The sheet A Beaactioh dfrocksfnehe pull-down menu.

The program EWS also offers the option to enlarge the library in the pull-down menu by adding
new earth types with their own names and physical 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 ‘h Extraction 1 Slnfa ] water I
Input Number of horizontal layers: ,5_ 3.1 Extetnal cath data giule:ntle resistances
’ SwEWS 3.11 ['Sphean;(s ;S:;ng‘] W [l
Calculation Properties of the earth: Properties of the filling: Contact [ESS‘SI‘Z]CE Ad DL:DDU émé"}w] §’-ﬂl~2
3.2 alw/imk] plka/m3] cp [/kak] aPwimK] plko/m3]  cp[M/kak] Ra [m){f’w] Rb [nlwl\(‘M]Hc [;'nK.-’W

Homogeneows [0go [2000  [q00 3.3)u8 el (3040 o450 joms  [ooez

[if unknown, leave blank]

" Equal layers 3.7 3.¢ ¢ Homogeneous filing 3 lcf? odel of Hellstrom
Results @ Nemequdlgers T Inhomogenenus filing " Input of themal resistances

Ul

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 »]3.1¢
m [240" [2400 [2600 [1000 -

80.C m [240  [2400 [2600 [1000 -
A4 3.1£3.163.17 3.1€

o
=
=

N

w

Fig.334: The sheet A d&aturdofnicks and theimput 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 Wietlhisthere Aef
apparent thermal conductivity when considering the groundwater influence. | ¢« can
for example be defined by a thermal response test (TRT), whereas | «ca (thermal
conductivity without groundwater influence) is defined e.g. by measuring a rock
sample. With groundwater, | ¢ is used for calculations inside the simulation radius
and | a 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 i 31). The names must be entered in the first column, the | -
val ues i n the s e\aloss i the thild sgolomn and the epegific 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 tthe same falder asithe @rodrangBEWS. In axnexbd step ih

mu st be r e@Gealmge.dwsd.o Ther eafter, the createdown i br ar
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 2.4 800 2200
| 12 |rock 11 24 800 2200
| 13 |rock 12 24 800 2200
| 14 |rock 13 24 800 2200
16 |rock 14 24 800 2200
| 16 |rock 15 24 800 2200
| 17 |rock 16 24 800 2200
Fig. 3.35: Definition of theuser-d ef i ned, geol ogi cal Il i bragyei ewsbhe ex
~lolx]

File Input Import Ediion Windows Info

- Jgorenoles| 2 Fluid  3Eart | huaction| Siia |
311

External earth data Borehole resistances

Number of horizontal layers: 3 3 1
Calculat .
ieut=ion SWEWS Pipe distance 12 [o.0s0 [m]
('Shank spacing T
Open Properties of the earth: Properties of the filling: 34 35 36
3.2 arwimKk] plka/m3] cplikak] 3.3 aAMW/mK] plkaim3] cp[likgkl Ra[mKiw]) Rb [mkmw] Re [mk/w]
S Homogeneous [z 65 [eaz5 [r1e3 [o81 [1180 [3040 o424 o117 foozs
5 2c a0 it unknown, Isawve blank)
ot T = Do
Results " Equal layars (" Homogenaous earth @ Homogenaous filling @ hodel of Hallstrdm
@ Unegual layers @ Inhomogenenus earth " Inhomogenenus filling " Input of thermal resistances

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

g1z 2 m [0 [es00 1380 [Limestone ura =]
T oo m [ee J2400 [1100  [Limestone Baden |

600 m [za0 (2600 [1oo0 | =]
500 m [240 [2600 [1000 | =319
[iz00 m [z4n [zeo0 [too0 | =]
[eoon m [z4n [zso0 [toon | =]

3.1€3.17 3.1¢

Fig.336: The sheet AEarthd with tdred imreap dritbireas yf riicGe otl loeg
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37 The she
The load profile of the

et AExXtraction

boreholesisent er e d

o

in oheéeiFigBBR.t ract.i

/' Eingabedaten EWS

Fle Input Import

Input

Calculation
Open
Save

Fesults

Pl

Close

== x|
Editon  Windows Info
Emeho\es'z Fluid b Earth aﬂfﬁd\ﬂﬂ ls o |
Create new load profile with the following values?
(it 'no” the data from the input file will be taken) 4 1 @ ‘es CliNo
Load profile taken out of the monthly heat extraction? e
(it 'no” is chosen, the daily running time must be given) 4.2 | ves ® hNo
Daily running time or monthly heat extraction (negativ for cooling)
January 12 [hid] July 2 [h/d]
February 11 [hid] August 2 [hid]
darch g [hid] 4 3 September 3 [hid]
April 7 [hsd] : Ociober |—; [h/d]
hday 3 [h/d] MNovember g [hid]
June 7 [hyd] December 11 [hid]
Heat extraction rate out of boreholes:
Heat exiraction rate (in heating case) [kKiW] 4.4 [ho (positiv sign)
Heat injection rate (in cooling condition] [kWW] 4.5 I‘IEI— (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 ) ‘
neg. heat extraction  Yes & Mo 4.9 borehale inlettemperature [20.00 .10

Programm EWS, Lizenz fiir Huber Energietechnik  ® Huber Ener

gietechnik AG, Ziirich

et

Fig.3.37: T

he sheet AExtr a

41 | f the question #Acre
load profile with the input data, which must be defined, i s
program uses the hourly input data from an external predefined input file and a new input is

futile.

ctiono wi

th the input of t

he

d

ai

ate new uleosa?dd pirso fa n sewewietdh
created. I f the

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 A nood i s
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).

4111 f Ayeso

s el

i s sel ect e d4illinrequire @ manthheHeat ex#tactidn as anh e
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 (inthe s he ét udo d o)
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.338:. The sheet fAExtractiono with the input of the mon
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 ACovVeria gtes rasilt page &he tumctioh isng de
identical with the fields 10.28 and 10.29 on the page AL 0 a d fi .

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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38 The sheet fiLoad?o

3.8.1 Creation of aload profile suggestion in the program EWS

The full version of the program EWS offers alternatively to the direct input of the heat extraction in
the sheet i Ex t B.3) anoihar passibi(ityc th anpet ther borehole load. Thereto, the
sheet ALoadd can be-dopend&d nyigddd). The Ehee eptu | frdquirasd o
the monthly heating energy as an input, to calculate the heat extraction of the boreholes using the
given COP oftheheat pump. The

/ Eingabedaten EWS
File | Input  Import  Edition  Windows  Info
Boreholes
Fluict
Earth Fluid Ez
Simulation
Extraction
Parameter

— Info

Wentilation schedule
Direct coooling
Heat pump

new load proi
he data fram the

rofile taken o
s chosen, the de

unning time or

d
pressure drop W

Field of boreholes pry 360
— single borehole in a field W

April 210
My an
Fig.340: The selection of the

sheet fiLoado.

The sheet ALGQB84H) appdatbhe(sheet AExtractiono i
# Eingabedaten EWS - = il
Fle Imput Import Ediion Windows Info
input | @Drehu\esl 2 Fluid |3Earth 10-o=d | 5 nfo |
Create new load profile with the following values?
Celeulkian | (it no’ the data from the input file will be taken) 0.1
| hesti ithout f I kivh]  COP atfull load full load heati Al K
. 10.2 hesting energy withouttap water {1500 [kivh] at full loa 380 10.8 ull load heating rate 13 k414011
10.3 heating energy for tap water B0 [k¥h]  COP fortep water |2 80 10.9 tap water heating rate 1 3 [kW]_ 0.12
Save | 10.4 hase load heating energy il [k¥h]  COFforheating  |4.20 10.30 heating power partload |1 3 [ki] 10.13
10.5 cooling energy without base load 1200 [kvvh]  EERforcooling  [3.00 10.10 cooling capacity 25 4] 10.14
el | 10.6 base load cooling energy il [kih]
10,7 daws of peak load o [days] Simulation period [years] |3 max. E0years 10.15
Monthly heating and cooling energy (without tap water, always as positive number):
hesting cooling heating cooling
10.16 January 333 0 [Kitwh] July 0 |4gn [kwh110.22
10.17 February 270 [i] [kivh] August 0 |35[| [kWh]10-23
10.18 March 252 0 [Kit¢h] September  [p ITEU kwh]10.24
10.19 April |m T l—“ [kt October 180 il |—n [kwh]10.25
10.20 ey |27 G0 [kih] MNovember 252 Ig [kwh]10.26
10.21 June |@ m |—24U [Kitrh] Decamber 315 |—u [kwh]10.27
. | Freecoaling: 10.28 borehale inlettemperature (2000 +10.29
Frogramm E%VS. Lizenz fir Huber Energietechnik.  ©® Huber Energietechnik AG, Zirich
|
Fig.341: The sheet Lo apdtoofthe heatingtetersy.i n
Bed_EWS55_Eng.doc 37 Huber Energietechnik AG
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I n the sheet ALoado the monthly heating and
sheet AEXthreachteiadanong and the cool i ng en e rbohwith
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).

101 Ift he question ACreate a now | oad file with
load profile is calculated with the values from the fields 10.27 1 0. 2 7. I f the
the load profile is taken from the input file and the inputs 10.2 7 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 7 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.

cool i

n

The percentageofc over age of the cooling demand.Thian

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

t he

t he
ansy

be

Fig.342. The extraction rate profile of an intermittent m
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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
— r Ik |

33 0 Information x
February 270 0

tarch IT ’D— ':6:' Berechnung unter dem Mamen "C:\Users\huber\DesktophExp.tet" gespeichert!
A IV ’D_ =
June Ini ’W

<losz Freecooling: | © ez & Mo barehole inlet termperature (2000 °C

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,

January

Feld Aufteilen: | (™ oz 5 No

ités the file AExpO. After this the program EWS i
I n the next step the saved fil e, notieaipiga,.txtiiles opened
«— w <« huber » Desktop » Example File w D Example File" durchsuchen 0
Organisieren = Meuer Ordner == - ] e
Benutzer -~ Mame - Anderungsdatum Typ
arthur =| Exp.bet 16.01.2018 14:29 Textdokument
Default.migrz
huber
.pdfsam
NirtualBox
J 2D-Objekte
Application ¥ < =
Dateinarne: | Exp.td o Textdateien (*.prn; ™.t *.csv) -

Tools Offnen |v Abbrechen
Fig. 3.44:
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The saved file can be opened with Tabstopps as separation sign:

Textkonvertierungs-Assistent - Schritt 1 von 3 ? X

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,

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

Abbrechen 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, opfieAnd viiaDhacteaddd ,i nfs Edxiatreidn, g tc

Remove the selection fiUse system separatorso, the
Excel Options ? X
~

General Editing options

Formulas After pressing Enter, mowve selection

Proofing Direction: |Down| w

Save [] Automatically insert a decimal point

Language Z c

Advanced Enable fill handle and cell drag-and-drop

Alert before overwriting cells
Allow editing directly in cells

Quick Access Toolbar Extend data range formats and formulas

Customize Ribbon

Add-Ins Enable automatic percent entry
Enable AutoComplete for cell values
Automatically Flash Fill

[ Zoem on roll with IntelliMouse

Trust Center

Alert the user when a potentially time consuming eperation occurs

When this number of cells (in thousands) is affected: |33,554 =

[] Use systern separators

Decimal separator:

Thousands separator:

OK Cancel

Fig. 3.46: Input of own load profile: 4. Changing Excel settings to decimal point (if necessary).
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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 willaski f t he f

il e shal/l be s.
this must be Yemsower ed with i

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 Excelcanbec | osed. Now Excel wi || once more ask yol
For mat o. This must be answered with fnADonot Saveo

-
[ 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 palét dLodobHdd and set
¥ Eingabedaten EWS
File Input Import Results Windows Info example

Boreholes Fud | Eatth Load l infe |

Create new load profile with the following values? 10.1

el [if “rio” the data from the input file will be taken)

1800 [Kiw'h]
500 [kMafk]

heating energy without tap water COP at full load full load heating rate

380
2.80

13 [kw]
1.3 [kh]

Calculation

heating energy for tap water COP far tap water tap water heating rate

Open basze load haating energy i} [Kiwh]  COP far heating 420 heating power part load 1.3 [kh]
cooling energy without bage load 1200 [kwh]  EER for cooling 200 coaling capacity 25 [kh]

Save

base load cooling energy i Kiikifall [kads]

il LA 0.0a0

Spez. Sondenbelaztung

47.89  [W/m]

el

Results 79 [kt #h/m
days of peak load 2 [daps] DT im Kuihifall [K] .00 Simulation period [years]  [3
dayz of peak. load in August i) [days]  EER at full load ’W full lnad cooling rate ’T [kha]

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

cooling heating cooling
Jaruary 333 i} [Kiw'h, July il 470 [Ki'h]
February 270 i} [Kiw'h, August il 60 [Kiw'h]
arch 252 i} [Kiw'h, Septemnber il 120 [Ki'h]
&pril 171 i [kih] October 180 il [kxh]
ay 27 =] [Kih] MNovember 752 il [kh]
Jure i 240 [Kh] December 315 ] [kwh]
Close Freecooling: | * borehole inlet temperature |2000  °C Feld Aufteilen: | ¢~ ve: 8 No
Programm E*S, Lizenz fiir Huber Energietechnik 4G ® Huber Energietechnik 4G, Zirich
Fig.352. I nput of own |l oad profile: 10. Page fALoado, Nr
I f the temperature of the borehole inlet should b
(10.28). If the maximum borehole inlet temperature must be taken from the input file, 6.18 on the
page fASimulationsd must be set to fiYesoO
¥ Eingabedaten EWS
File Input Import Results Windows Info example
Boreholes Fluid Earth Load Info Simulation
Steady or unsteady calculation of the Huid
Input
Steady calculation? ™ Yes " No
Calculati
Seuaen Input of borehole inlet temperature or heat extraction rate?
Iteration of borehole heat extraction rate’?
Open [heat extraction rate given) (* Yes (" Mo
Serial linking up of boreholes
S
ave Mumber of boreholes linked up 1.0
Results Antifreeze: ™ Yes ¢ No
e bl G e = ’W‘t COP at minimal borehole temperature |99939.00
supplementary heating system |0 kwh
Calculation of thermal response™ i yreses
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 af ti b the input fil
S S 8760 Format Metenorm: Standard | @ Yes © No
Simulation period:
Estimate the temperature starting condition |~ Yes & Mo
[Fast calculation with less precizion]
additisnallcooling C Ve B No COP (heating] of add. cocling  [3.50
[if freecooling iz not enaugh) %1 igt\f&lage is beneath n70 (0..0.95)
Close Max. TSink from input-file?
Programm E'WS, Lizenz fiir Huber Energietechnik AG @ Huber Erergistechrik AG, Ziiich
Fig.353;: I nput of own | oad profile: 11. Set 6.18 to fiYeso
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If the simulation is now started, the inputst o t he page Al oadod are ignore
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) ® Yes " No
heating energy without tap water W [kwh]  COP at full load W full load heating rate IW [l
heating energy for tap water W [kwih]  COP for tap water W tap water heating rate W [k'w]
base load heating enerqy ’07 [kw/h]  COP faor heating W heating power part load W [k\w]
cooling energy without base load ’07 [kw'h]  EER for cooling W cooling capacity IT [kiw]
base load cooling eneray lﬂi [kifh]  m Kuklfall [ka/s) W Borehole load M [\ /rn]
W [kWwh/m

days of peak load ’17 [days] DT im Kiiklfall [K] W Simulation period [years] Izg_
days of peak load in August lﬂi [days] EER at full load W full load cooling rate |T [l
Monthly heating and cooling energy (without tap water, always as positive number):

heating cooling heating cooling
January [9520 ||] [k, July |D |g [K'wh]
February (7800 [0 [Kwh] August o [0 [kiwh)
March 7280 [] [Kwh] September 0 0 [kiwh]
April 4340 [0 [kwh] October 5200 0 [kiwh]
May [759 ||] [Kw'h] November |;-'230 |D [Kiw'h]
June [0 |0 [kiwh] December |91 odl [D [Kiw'h]

Fig. 3.55: Load profile prior to restoration measures

I'C]

MinMan TSink

tz =RB.0[3]

Al

I ——

0 1 2 3

4

5

g 7 i

|

10

Huber Energietechnik mit Prag EWS € Huber Energistechnik AG, Ziirich

1

12

13

14

15

16 17 18 15 20

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 simulaton-c ase i s saved Aprior to
4 Speichern unter X
Speichem I vor_Sanierung j ‘- £ Ef
Mame Anderungs... Typ Grofe
. = Berechnung_vor Sanierung.tet  26,09.2020 ... Textdokument 522 KB i
Dateiname: |Berechnung_vnr_Sanien.lng.t::t Speichem
Dateityp: ITE:.‘tdateien | Abbrechen

A
Fig.357:Saving case with | oad profile

Aprior to

restaurati on me

restaur at

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 A Windows A solar collectors):

Boreholes] Flud I Earth |

Load I Info

solar collector

calculate with solar collectors

10% inchude the losses:
unglazed collector

absorber area total

absorber area of 1 collector

number of paralel connected collectors
azimuth direction of collectors
inclination angle of collectors

cp of collector fluid

wind speed u

spstem integration
4 %k of the borehole heat exchanger

counter flow of heat exchanger
temperature difference of heat exchanger
maz. borehole inlet temperature

collectar flowrate

proposition of collector flowrate

|Energie Solaire Kollektor AS (SPF C1209)  +|

* Yes (" Mo
 Yes " Mo

f* Yes O Mo

—t

BT

.986 [m2]

[l
450 [']
[/kak]
[m/s]

[w/K]

ol e
o wm
ol Q

(K
['C]
[kg/s]

530
1.11

i

Kallektoren |

‘Weather data from Meteonorm
Offset weather data

glazed collectors
collector coefficient Etal

collector coefficient al

collector coefficient a2
unglazed collectors
collector coefficient bu

collector coefficient b1
collector coefficient b2

domestic hot water
calculate solar water heating?
1t priority on tap water
temperature of domestic hot water

size of solar heat exchanger

A k per m2 solar heat exchanger
size of solar storage tank

losses of solar storage tank
demand of domestic hot water

solar generated hot water

Meteo data |

0 g

[0.928
[0.00 [W/m2K]
[00000  [W/m2K2]

0.0120 [s/m]
11.260 [w/im2K]

|2_450 [W/s/m3K]

" Yes (s No

{ Yesf* No
[0 [Tl
[0 m2
[0 wikm2]
[too0 [Lite]
[oota [l
|?00 [K'wha]

0 [K¥h/a]

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

collectors)
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Thiscaseisnowsaved as fAafter restauration measur eso:

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 ﬂ Abbrechen

Fig. 3.59: Saving case (load profile) after restauration measures
In a third step the simulation of the first years
is done by navigationAfinnpitt meuwmul t oddtlanpoanad s el
restauration measur eso:

#J Eingabedaten EWS - O X
File Inpyt Results  Windows Info  example Maps Offset weather data
Efisting calculation
lekd
Earth properties (SwEWS) Load | Infa Kollekioren }
Weather data from Meteonorm Kollektor &5 [SPF C1209) j
Input ‘Weather data from Meteonorm Meteo data |
TRT
* Yes (" No Offset weather data 0 [k
) Export Polysun
Calculatior & ~
Export borehole locations * Yes & No glazed collectors
Open @ Yes (™ Nao collector coefficient EtaD |IZI. 925
collectar coefficient a1 0.00 [Ww/m2K]
Input hourly data 10000 2] |
Save collector coefficient a2 ||J_ 0000 [W/m2K2]
absorber area of 1 collector |1‘E|BE [m2] unglazed collectors
Resulls number of paralel connected collectors |1‘EI collector coefficient bu 0.0120 [s/m]
P e G aEn ™ callector coefficient b1 1260 [W/m2K]
ﬁ Offnen e
Suchenin: | | | vor_Sanienung | & & ¥ EEv
Ea -
Mame Anderungs... Typ Gréfe
i | Berechnung_vor Sanierung.bet  26,09.2020 ... Textdokument 522 KB i

Dateiname: |Eerechnung_vnr_Sanien.lng.t:ct
Dateityp: |Te:ddateien ﬂ Abbrechen

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

Input

Calculation

Open

Save

Results

flrle e

Close

:

File Input Import Results

Boreholes ]
Simulatiol
Simulatior
Mumber o
Grid fa

Simulatiol

Borehole

Fluid time

Info example

System
Graph
Results

g-function

Parameter
pressure
Groundwater

solar collector

Maps

oad

Earth time step [‘security 2°)

Time step of outer boundary conditions [weeks]

Stop criterion for the iteration

accuracy of iteration [*C]

Number of lines in the output file:

Wite results in output file?

Number of simulation steps per output value

Manitor paint in axial direction

Manitor point in radial direction

White all simulation years in output file?

‘Wirite starting conditions on file?

VYaria:

Recalculate Rb in each timestep?

D

Offset weather data

Info Parameter

\ Kollektoren

Axial partition: see page Earth’

000

Mo

e 4 T AT

" Yes ™ No

" Yes ¥ No

" Yes * No

between 4 and 12

has to comespond with input file
recommended: 4
recommended: 2

recommended: 1

File TEarth.ews:

Code example

max 30a

Hourly data starting from: |21 a >

Start with hourly data

" Yes * No

730

—

CHEC Mo |

Fig. 3.61: Sheet
measures) and a new load profile for the 215t year of operation and following.

ifPar ame

Starting the

Huber Energietechnik mit Prog EW'S @ Huber Energietechnik 4G, Zurich

TN

]r LA |

s
- ) Hil UMM B b

S i

mul ati on wi t h

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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39 The sheet #ASimulationo
39.1 Showthesheet ASiIi mul ationo
Various special calculatiomuladn ome .dOpe nwitthle tshe
withthe pull-kd own menu AWi ndowsd from the menHg. 3B3.r and sc¢
#3 Eingabedaten EWS
File Input Import Results Windows Info example
Systemn
1 Boreholes Graph oad ] I Simulation
Steady o Heat Pump Il.ﬂd S 6
Input
g Steady c: RESUH:S. + ez © Mo
Calculation Input of k heat extraction rate?
Open oo et @ ves C Mo | 62
Serial lin e
Save Number ¢ Groundwater "ID— 6.13
zolar collector
Fesults Antifreez.. ™ Yes & Nog | 6.14 616
Minimal borshole inlet temperature = - c6.15 COF at minimal borehole temperature ’m .
SN HI " rt " 300 £ supplementary heating system |0 kwh 6.17
Thermal responze? ™ Yes * Mo 6.3 Heat exraction step: [ngg kW 6.5
Diuration of thermal response C1h & 1month| 6.4 Temperature step: 2000 T 6.6
Size of input file:
Number of time steps on the input file ’W 6.7 Format Metenorm: Standard | & Ye:  No 6.12
Simulation period: 6.8
Falnets e mrpeieles setgcondion | € Yes € Mo | ©
additional cooling  ves & No | 09 COP fheating]of add. coolng~ [350  6.10
[if freecaaling is nat enough) On if coverage is beneath 070 (0..0895)
e Max. TSink from input-file?  Ves & No 0-18 6.11
Programm E''S, Lizenz fiir Huber Energigtechnik 4G ® Huber Energistechnik 4G, Ziiich
Fig. 3.63: The opening of the sheet ASimulationo.
The foll owing, special calculations can be execut

1 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].

1 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 mustbe sel ect ed ( fiye
The default setting calculates the needed outlet and inlet temperature of the borehole fluid
to generate the wanted extraction rate of the heat pump.

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

1 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.

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

Bed_EWS55_Eng.doc

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
infield6.2inoo i s selected.

3.9.3 The active, additional cooling if freecooling is not sufficient

finthefeld69Ayesd is selected, there i s awhichusdsithei onal
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
6.14must be s eNowwhen tlieYre témperature 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 ASimulationd (menu bar AW nfdows 0)
3.63).

Sel ect the ther mal r espon sfeld @3). ThishaetomatibalyechangésSi mu | «
various default values:

1 Itis only possible to calculate reasonable results for the unsteady borehole fluid. Therefore,
fleld6.1i s set to Anoo.

1 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).

1 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, Asecurity frbnd 4 to 40sandcthhtafn g e d
the earth (field 7.6, Asecurity 20) from 2 to 20.

1 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).
s 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:

91 positive sign: -> heat extraction from the earth

1 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 ( il t er ati on of
extraction rate? (Heat extraction rate given)o) must be set to fAnod and
temperature must be entered in field 6.6. This type of thermal response testi gnor es t he

extract ifieldh65st epo (
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3100The sheet AWatero (Groundwater influence)

The sheet Afwater o i S only avail abl e i n t he
consideration of groundwater influence in the earth such as the seasonal fluctuation at the surface.

Pro

The sheet fiwatero is chosen in the dropdown from

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 Thisednibe 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 | e+ is used inside of the simulation radius (with groundwater, input in field 3.15, see
chapter 3.6.3), yet | ca 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

se2 = 452.200

delete

@
a
=
=
@
@
s
o
=
=
=
o
o
=

S2 :Isoh_'.'Dse1 _E'ﬂ‘?’?e.‘.EE 452 600 micog
S§29 - lsohypse2 [EHGhe2—11452.200 1m+ 530
P U &l

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

>

r 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
T B0m - grid
= 20m - grid
L 10m - grid
[ &m - gid

[ - gid

= B - grid

L B - grid

[ Number
[TTTTT

Fig. 3.65: Input of the groundwater surface height with isohypse lines on the sheet
ofield of borehol esbo

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

T T I T T g o ~
; et I
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%3 Eingabedaten EWS

File Input Import Results Windows Info example (Offset weather data
1 System 6 7
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

Frogramm E*S, Lizenz fiir Huber Energistechnik 4G 2 Huber Energietechnik 4G, Ziiich

Fig.3.66: Sheet nAwater o for the consideration of groundwat
seasonal fluctuation.

w1l Groundwater Influence is only considered if field W1i s set t o fiyesi
W2i W7  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,

W16-W19 The aquiferous layers are i Lo | Ve | % = =
defined by depth under ground | e e r
level in fields W16-W19. 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 X3 CVLayer
3.66. Feinsandstein 25 | 25 | /

oS
W23-W25 The seasonal fluctuations of \ __

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:

LA . §. a " Q
T = T,- DT,@xg zq/g% po%t- 29/ %8 eq. 3.3
¢ a ¢ a a X

W26-29  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.
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311 The s hseoeltarii c o(bolaeregereration)

The sheet isol ar collectoro is only available in
borehole regeneration, according to the schematic in Fig. 3.67. This example is based on a
published validation project in Mettmenstetten [15].

/CE.% Tcollektor out
domestic

;% hot water

& e ollekior

—= TCollektar,in

borehole heat exchanger
TE?apuratur,uut

Tsink N a
e x|
T ™

=

TSource

Qg
[~
2

A pacy

[

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 KBand K9di sappear from the sheet Acol |l ecsolarr so.
yield but not the load profile of the heat pump.
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dort

dortname

|

Standard (Stund
Temperaturmodell

Standard (Stunde

kodell fir geneigte F M

1996-2005
1981-2000

Format Augwertung

Standaort

Fig. 3.68: Input of weather data, Azimuth (east=-90, south= 0°, west= 90°), slope and horizon in
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.

File  Input Impert Results | Windows | Infe example Maps Offset weather data
1 System 5 6 K
Boreholes I Graph action I Info Kallektoren |
solar coll Heat Pum K1 «
Input . _I ‘wieather data from Meteonarm K12 Meteo data |
Results K2
calculate Offset weather data K13 0 [h]
Calculation g-function K3
10% loss . . .
Simulation & Yes " No glazed collectors
Open unglazed Parameter & Yes - No | K4 collector cosflicient Etal K14 |n.gz5
e pressure T m2 K5 collector coefficient a1 K15 |15.65 [ dm2k]
Save Groundwater collzctor coefficient a2 K16 |0.0000 [ A2k 2]
absorber . 10.000 m2] K6 unglazed collectors
— it K17 [oo7z
Reswlts number al | 10 K7 collector coefficient bu % [2/m]
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
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 IW ['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]
Programm E'S, Lizenz fur Huber Energistechnil 4G @ Huber Energietechnik 4G, Znch
Fig.369: Sheet fsolar collectorso for the calcul ati
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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

I f K3 is set to AYesid, the solar yield
in the collector pipes and a real regulation.

I f K4 is set to AYesi ( unaonstants | feldskid-K1e 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
of fset can be defined in the main menu

Parameters for the determination of the efficiency of glazed collectors, without wind
influence, related to the absorber surface:
h=hoT a1 (TmT Ta)/GT a2z (Tm 1 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 h, (K14) must also be entered for this purpose:
h=ho (17T uby)T (ba+ubz) (Tmi 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 onthe sheet Aoadii) must Dbe r
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 = 36°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 1 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 i 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] navi gat e A ®E xig anrpto r
Polysuno and sfimve this export

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. Inthe menu cho®aé e BWEnd s Afterwdrds cheoset o fi J
the AEWSDRtejekand choose the corresponding EWS e

Kollekior: SOLARDACH AS

Kollektoranzahl: 24

Bruttogesamtflache: 51 55 m*

Ausrichtung (0=+90°, §=0°, W=-90"): 0 °

Anstellwinkel (hor=0°, vert=00%):45° MW oder WMEWEmepumps. FEWA-27

Temperatur: 50 *C

Speicher: 10001 Puffer

I|II @ Erdwirmesonde 2 x

&8 L@
@ MName Wert Einheit Sz
Beschreibung 2

Anzeige in Report ~ sichtbar
Kreislauf-Beschreibung
4 Erdwarmesonde & 40 mm Doppel-U-So...
- Erdwarmesondenfeld & 2 Sonden, B/H=0.05
Bodenerwarmung 08 C —
M_”J_LH Axialer Temperaturgradient 0,03 Kim —
Sondenlinge 294 m
\/ - - or 1d 10 m
Erdwarmesonde: 40 mm Doppel-U-Sonde Anzah| Erdwarmesenden 2
Hinterfillung &1 Bentonit
Sondanlange: 294 m Anzahl Erdschichten - 1
Erdschicht 1: Morane fest gelagert Erdschicht 1 aLane fest gelagert
S D R
W

W ‘th‘I [ein
Sondenvorlaufdauer Mein y
5 ol

S_e_;und_e_n T T = - - - Jahrliche Entzugsenergie der Sonde
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
Suchenin: | Export_Polysun ~| Nt [T
&
-
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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313 The sheet APressureo

To open the sheet AHARdewsumeny MdWemddwso pfundm t he
thesheet APressureodo-downomenut Aenputbbarf raomd tsheel entetn ufi
dropo.

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

il

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

Fig. 3.75: Error message, if no full version of the EWS Program is available.
I n the sheet APressureod it is possible to calcul a
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 — (ol =]
File | Input Import Resuts Windows Info Zoom  example
hol
. Y S 4 5 6 7
Earth Fluid | Earth | Load | Info |S\mulaT\o|Paramete Druck |
Simulation
Extraction
;:e;ameter re drop 8.1 Calculate
nfo
___ Yenklation schedule
& drop to be calculated? 8.2
- d tor [P 5000
e ressure drop in evaporator [Pa] 8.3
Single borehole in  feld
Profis from geathermal heat transfer  [1355 TlOw IN evaporator [kgis] 8.4 2.200 7687 [m3m]
Mass Flow rate [kgis]
" Heat exchanger / Dry cooler ressure drop in manifold [Pa] 8.5 5000
tawhie cooling
Bocklcoolhigload ass flow in manifold [kgfs] 8.6 1.800 6.249  [m3/h]
. nominal pressure drop in counter [Pa] 8.7 6500
nominal mass flow in counter [kgfs] 8.8 2.300 7986  [m3fh]
nominal pressure drop invalve [Pa) 8.9 1200
nominal mass flow in valve [ka/s] 8.10 2500 8678 [m3/h]
horizontal extension to the boreholes [m] 8.11 25
length of inlet pipe [m] 8.12 15.00
number of inlet pipes 8.13 1
inner diameter of inlet pipes [m] 8.14 0.067
number of bows 8.15 15
Pressure drop 8.16 44314 Pa 8.18 Info
Close turbulent flow regime 8.17 turbulent

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

Fig.3.76: The sheet APressuref.

81 After each change of theulapaed casa, behel boked
new results.

82 I f field 8.2 is set to Ayeso, the pressure dr o]
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
outlet pipe). The pressure drop is calculated with:

Dp =z r;olevz ed. 3.4

in which z = 2 is entered for each bow.

8.16 The pressure drop for the whole borehole loop. Please note that after each change of any
i nput data, the button ACalculated must be pres

The pressure drop Dp of the flow in the borehole and in the inlet pipe is calculated with:
2H r

=x SoIeV2
Dp D 2 eq. 3.5
I'n the | aminar case (Re < 26300), 3 is calcul at
64
X=— eqg. 3.6
Re
In the turbulent case (Re > 2'300) the approach by Petukhov is used:
x =[0.790In(Re)- 1.64] 2 eq. 3.7

All other pressure drops are converted from the nominal mass flow to the effective borehole
mass flow using the parabolic approach.

8.17 Information about the flow regime in the borehole (laminar or turbulent). The transition from
laminar to turbulent flow occursata Reynold® number . of 26300

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

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

8.20 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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314The sheet AfParameter o

Select the sheet fAPdo@wmemeno fiWbmdoWwe dig.B3.{i8). THee men
simulation grid, the simulation time steps and the stop criterion for the iteration can be defined in
the sheet fAParametero.

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

Normally, the user has noneedtofili n t he sheet fPar ameter 0, since
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.378:. The sheet fAParametero.

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. Addit i onal | vy, it includes the heat
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 U (and ptisrezalcaldtedfotehch t her
calculation step or Ry is kept constant for the whole simulation. If the field 7.15 is left on the default

setti ngyié Calbuated at theRbeginning 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 wel | as about the additional heating syst
downmenu AWIi ndows 0 i(see Figh279)me theifollwvang, the s h e e t Afheat p
appears (seeFig.3.80) . The sheetcanidietat c #mmpmwed with the she

File Input Import Edifion | Windows Info

System
Graph
[ Heat Pump th

Results

Extraction Info Sim

g-function
Calculation simulation
js  Parameter
pressure

calculated?
in evaporator [Fa]

naminal mass flow in evaparatar [kofs]

Fig.3.79: The open'ing of the sheet fAheat pumpo.
)"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.

91 The inputs from this mask are used for the ¢
extraction rate with hesastergampwi pho pfieyretsioe.s ?lon i
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 i f Ayeso i §eld®.& llreeachecaculdtion 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 mustbe set to Ayeso (applied
complete Asystem simulationo).
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3.16 Direct cooling

The complete version of the program EWS offers the option to enter data about direct cooling.

Sel
t he

ect the sheet fAddwnsnteanmo

/¥ Eingabedaten EWS
Fle Input Import Edtion | windows Info

AfWi cnnd otwéeedbari(sae Fig.881). i

foll owi ng defingiond ha e p e &fBy3sBR)e ene

1l

Graph
Heat Pump
Results
g-function
Simulation

Baoreho Birth

Input

n
Calculation

Extractionl Info | Simulation|!

Bor
I— Farameter
pressire

Typ " cosxial

he input ma

Cpen

Fig. 3.81: Selection of t

/ systemdefinition

Eta Heat Recoveny:
DT Supply Air Yentilatar
Settemp. supply air

Eatexchanger 3: A*k= (300
Counter flow= |0 50

<

lv(uw(ragular} 240 m3/h
Airflow (cooling condition) [350  m3/h

Heat exchanger 1

A*k= 500 WK
P cowterfiow- [150 (0.1

16

Condensation limit
Chiller.

TIul

21

& Without power limit
€ M. power limit from inputile
" Max. hegting and cooling load

17

[]

& U-pipe

ditect AoBling.t e mo o f

=lolx]

18

WK
(0.1)

Heating limit: {100 ‘C
Cooling limit: [16.0 °C

Purnp 2 lrkg Ih

Antifreeze: | & on o

Heat exchanger 2
A%k= WK

Counter flow = |0.50 (0..1)

19

R T e—
Inlet Temp. —
TR(Ta=20°C) |T'C
TR(Ta=30C) [z C

p4 144 kafh

[ m 71
Mass flow rate (total)
W W 288 kg /h

Programm EWS: Copyright Huber Energietechnik AG, Ziirich
Lizenz von Probeversion

20

T~

Pump 1

144 kg/h

Calculate system?

22

© Yes & No

Meteo data

Wentilation schedul

Calculate

Results

23

Close

Fig.3.82. The input madeknitiGndy stoemdi rect c(withéuihHPy syst ems

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. 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.

24,

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 acfieldifate t
to fAono.

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 AEXtrac
when calculating variants.

I f Ay elexcted in fisld 22,eall calculations are done with the data from this input mask. If

Anod i s s enputsoftthescsheet tarh ignored and the calculations are based on the

~

i nputs of the page AExtractiono.

Click on the buttom tHivedafiil me i @anvemthieldad ieon s ch

./ Eingabedaten EWS

Fle Input Import Edidon  Windows Info
J* systemdefinition
Etal )'*'E:"Li'lfturlg;fal'lrplan im Programm EWS — EIIEI
L=
DT . .
_ s« Ventilation schedule " NoScheduls
T ———— & Schedule from inputfile
Can g
&l (1.0 = nominal air flow rate) € Schedule fram this window Heating limit. Iﬁ
: Schedule 1 Schedule 2 Schedule number Cooling limit Iﬁ
I D -6AM 00 Mond - |
5 100 onday  [Schedulel v kg /h
- B-TAM .00 100 Tuesday schedule] v
— | 7-12AM 100 100 Wednesday [Schedule | v o ]
0-1PM .00 100 Thursday [Schedule 1 | perd WK
1-2PM .00 100 Friday Schedue 1 [FINNME=——; |,
2-41PM 100 100 Saturday  [Schedule1 v
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.383: The input mask AVentilation schedul eo.

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

Afexampled in the main menu bar
File Input Import Results Windows Info | example | Maps Offsetweather dats
xample 1 |
Boehles |  Fluid | E cxample2 b | Kolektoren
Create new load profile w eample 3
[ (o}
Ui 10" the data fom the Py exgmple 4 s N
Calculat Load profile taken out of example 5 ?
lculation it hio” s chiosen, the daily i " Yes & No
ecample b
Open Daily running time or mon example 7 v for cooling]
January E example & uly o A
Save Rl I example 9 ugust T

March E— example 10 September [ER——!

Results

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

Example 1: Single house with monovalent heating heat pump
T Amount of boreholes: 1
1 Borehole length: 185 m
1 Borehole type: 40 mm duplex
f Heat output heat pump: 12 kW g
1 Heating demand: 18213 kWh g
1 COP heating: 4.5 b
 Heat demand domestic water: 4 658 0 k Wh
I COP domestic water: 2.7
Example 2: Bivalent heat pump with 1 borehole
m] 9 m]

1 Amount of boreholes: 1 5&335?7
1 Borehole length: 210 m M
1 Borehole type: 40 mm duplex >t
1 Heating perf. heat pump: 12 kW S @ A g
1 Heating demand: 18'213 kWh . & §
1 COP heating: 45 \\ S Bi
 Heat demand domesticwater: 4 658 0 k Wh / - N
 COP domestic water: 2.7
1 Minimal borehole inlet temp.: 2°C /
1 Additional heating: Gas heater = 1
Example 3: Borehole-yield for multiple-households (10 boreh.)

10m 10m Q=120 kW ¥
1 Amount of boreholes: 10 o o Son=es
1 Borehole length: 210m NN D
1 Borehole type: 40 mm duplex e OO
1 Heat output heat pump: 120 kw T e N :
1 Heating demand: 1826130 KV T 5z a : Tw |2
{ COP heating: 4.5 S ‘ ;34 *g | A : g ] j
 Heat demand domestic water: 456 8 00 k WF / H (
1 COP domestic water: 2.7 /” il /

Ll LA
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Example 4:

1 Amount of boreholes: 13 o P

1 Borehole length: 140 m wl T L [ )

1 Borehole type: 40 mm duplex —— 00D z %

1 Heat output heat pump: 95 kW T :F § R

1 Heating demand: 1106000 Kk "';F_gmmm & 8 B

1 COP heating: 4.0 o 1s A&

 Heat demand domesticwater: 206 000 kW

 COP domestic water: 2.5

1 Cooling energy demand 120'000 kWh

1 Max. freecooling - inlet: 19°C Fresecoing

Example 5 Monovalent heating with active cooling

1 Amount of boreholes: 13 0= 85w 5

1 Borehole length: 140 m o s

1 Borehole type: 40 mm duplex £ [p—

1 Heat output heat pump: 95 kW 5 OO :

1 Heating demand: 1106000 k i; (: el 5

1 COP heating: 4.0 o =

 Heat demand domesticwater: 206 000 kW

 COP domestic water: 2.5

1 Cooling chiller: 85 kW

1 Cooling energy demand 120'000 kWh

f EER (=COPc) cooling: 45 I

1 Max. borehole inlet: 40 °C ST I

Example 6: Solar borehole regeneration

1 Amount of boreholes: 4 }}F//“

1 Borehole length: 180 m S

1 Borehole type: 40 mm duplex ey =

1 Heat output heat pump: 30 kw -

1 Heating demand: 426000 kW

1 COP heating: 55 :le?ozaoum

 Heat demand domesticwater: 336000 kW Quw=33'000kWh

 COP domestic water: 4.0

T max. borehole T inlet :35°C

1 Area unglased collectors: 80 m?

1 Weather Dataset: Zurich SMA ‘o

 Offset weather: 7h

Example 7: Anergy network with solar seasonal storage

Anergienetz, Wasseriohne Frostschutz / without antifreeze / sans antigel

1 Amount of boreholes: 21 -< @h = 8 x 21K 1 165°000 KiWh M A etk L
<2 Qww = 134'400 kWh Tm

1 Borehole length: 180 m Eg unt?gﬂﬁ , . 1000 Lier

1 Borehole type: 40 mm duplex - unglazed / ‘ ,_%

1 Heat output per heat pump: 21 kW \39\ = am

1 Amount Heat pumps total: 2 \\ omn=s |

1 Heating demand all homes: 16806000 k L S |

1 COP heating: 6.0 T e (o

 Heat demand domesticwater: 1346400 k DT é

 COP domestic water: 6.0 =

1 max. borehole-inlet: 35°C s 9( J\t

1 Area unglased collectors: 400 m2 Sopn=s

1 Weather Dataset: Zirich SMA -# ’ T Ty e M

1 Offset weather: 7h
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Example 8: Heating and active cooling with GW influence

 Amount of boreholes: 12

1 Borehole length: 120 m

1 Borehole type: 40 mm duplex

1 Heat output heat pump: 95 kW

1 Heating demand: 1106000 k

1 COP heating: 4.0 2

1 Heat demand domesticwater: 206 000 kW E

f COP domestic water: 2.5

1 Coooling capacity chiller: 85 kW

1 Cooling energy demand 120000 kWh

1 EER (=COPc) Cooling: 45

1 Depth groundwater (GW): 8m Maxa0T

1 Material GW-Layer: Gravel

9 hydr. conductivity GW-Layer:  0.05 m/s 12007 mim \

1 Pressure gradient GW: 0.019 m/m

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

1 Thermal conductivity Gravel il LU R L
(w.0. GW influence): 1.8 W/mK sa" |

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

1 Amount energy poles: 36 Pcs.

1 Amount poles in series: 6 Pcs.

1 Length energy poles: 20m

1 Pole type: Cement, 50cm

1 /Borehole resistancei Rb : 0.15 Km/W

1 Heat output Heat pump: 40 kw

1 Heating demand: 506000 kW

1 COP Heating full load: 4.5

1 COP Heating average: 5.0

 Heat demand domesticwater: 306000 kW

 COP domestic water: 3.5

1 Depth groundwater (GW): 8m

1 Material GW-Layer: Gravel

1 hydr. conductivity GW-Layer:  0.05 m/s

1 Pressure gradient des GW: 0.019 m/m

i Eff. therm. conduct. gravel (w. GW): 2.8 W/mK

M Therm. conductivity gravel (w.0. GW): 1.8 W/mK

Example 10: Borehole Regeneration with Air-heat-exchanger

1 Amount of boreholes: 4

1 Borehole length: 180m

1 Borehole type: 40mm Duplex

Y Borehole distance: 9m

1 Heat output heat pump 30 kW

1 Heating demand: 426000 Kk Wh

1 COP Heating: 5.5

Y Heat demand domestic water: 336 0 0 0 k Wh

 COP domestic water: 4.0

1 Air-heat-exchanger: 40 kW (ENV 1048)

 Weather data set: Zurich SMA

 Offset weather data: 7h

Y Radius borehole r1: 67.5mm

M Shank spacing Bu: 87mm

9 Outer radius borehole pipe rs: 40mm

1 Heat conduct. borehole filling: 2 W/mK
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