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1. Introduction

Blocon is proud to present a new version of EED. Many new important features have been added. Up-
to-date information is given on www.buildingphysics.com.

This update manual covers new features that have been added since version 3. New users should also
read the full manual for version 3 at
https://www.buildingphysics.com/manuals/EED3.pdf

Please see this pdf for tutorial:
https://buildingphysics.com/download/exampleseed.pdf

Please see this pdf for some questions/answers:
https://buildingphysics.com/download/eedfaq.pdf

This manual covers the desktop version of EED v4. There is also an optional web version: “EED on
the web” that runs on a dedicated server with extreme calculation performance. It can be started from
any operating system and/or device with an HTMLS5-compliant web browser, such as IE10/11,
Chrome, Safari, Firefox, Opera, etc. It supports PC, Mac, iPad, iPhone, Chromebook, Android and
many other popular devices. For more info, see:
https://www.buildingphysics.com/manuals/EEDONTHEWEB.pdf

1.1 What’s new in EED v4

The most important new feature is the following:
e Simulations with hourly values for load are possible. See Chapters 2 and 3.

e Approximation for irregular configurations. See Chapter 4.

1.2 Demo version

The demo version has the following restrictions:

- .
i » Demo version x

Thiz iz a demo verzion with the following restichions:

- The thermal properties for the ground cannot be changed

- The ground surface average temperature cannot be changed
- Input data can not be opered/saved

- Hourly calculations iz not pozsible

- Iregular configurations are not pozzible

- Some other restrictions alzo apply



https://www.buildingphysics.com/manuals/EED3.pdf
https://buildingphysics.com/download/exampleseed.pdf
https://buildingphysics.com/download/eedfaq.pdf
https://www.buildingphysics.com/manuals/EEDONTHEWEB.pdf

1.3 Installation and requirements

EED v4 requires only about 0.2 GB RAM (a pc with 2 GB is recommended), and less than 30 MB
hard disk space. EED runs on both 32-bit and 64-bit Windows 10, 8, and 7.

Use the setup program to install EED. The installation will automatically create correct folders.
Administrators rights are needed for the setup since the setup-program writes in the registry and
program folders.

This will install the EED exe-file and some other files to folder “C:\Program Files
(x86)\BLOCON\EED v4.3”.

u’, EED wd 3.exe 2024-03-27 08:20 Program 26149 kB
M_WI TurboActivate.dat 2016-09-12 15:25 DAT-il 4 kB
D TurboActivate.dll 2021-05-11 16:0 Programtilligg 1098 kB
T TurboActivate.exe 2021-05-11 16:06 Program 287 kB
M_WI unins000.dat 2024-03-27 0&:23 DAT-il 65 kB
I'ifl uninsD00.exe 2024-03-27 08:23 Program 3149 kB

Files installed to C:\Program Files (x86)\BLOCON\EED v4.3

Note: From version 4.3 the setup file will install material files (and some other files) to the shared
folder “C:\Users\Public\Documents\BLOCON\EED 4” by default. This is also the folder where the

user stores project data files.

Languages Filmapp

output Filmapp

Projects Filmapp
|:] BH_coordinates_SBM.tet Textdokument 1kB
|:] BH_coordinates_xy.bct Textdokument 1kB
|:] Borediam.txt Textdokument 1kB
|:] cond.bxt Textdokument 5kB
| EED.DES DES-fil 1kB
|:] Fillcond txt 2012-01-12 23 Textdokument 2 kB
[ ] gfunca.eed 2012-01-12 23:05 EED-fil 1419 kB
|j GFUNC4.TXT 012-01-12 23:07 Textdokument 28 kB
|:] Hedat.bet 2016-12-08 14:46 Textdokument 7 kB
|:] Heatcap.bt 2012-01-12 2307 Textdokument 4 kB
|:] Heatflux tet 2012-01-12 23:07 Textdokument 7kB
Mj Hourly_example_1.DAT 2016-11-28 08:58 DAT-fil 7 kB
|:] Hourly_example_1_load txt 2016-11-28 09:18 Textdokument TkB
|:] Hourly_example_1_peakload_AT.txt 2018-10-28 12:20 Textdokument 1kB
|:] Hourly_example_1_peakload_A2.txt 2018-11-28 7 Textdokument 1kB
|:] Heurly_example_1_peakload_B1.txt 2016-10-28 12:20 Textdokument 1kB
|:] Heurly_example_1_peakload_B2.txt 2016-11-30 0&:51 Textdokument 1kB
|:] Hourly_example_1_peakload_B3.txt 2016-11-30 08:52 Textdokument 1kB
|:] Hourly_example_1_peakload_B4.txt 2018-11-30 Textdokument 1kB
|:] Hourly_example_1_peakload_B5.txt 2016-11-3009:00 Textdokument TkB
|:] Hourly_example_1_peakload_C.txt 2016-11-28 15:01 Textdokument TkB
|:] pipetxt 2017-02-2017:35 Textdokument 5kB
|:] gtest.txt Textdokument 1kB
|:] Surftemp.brt Textdokument 7 kB
thﬂuid.out OUT-fil 7kB
| timin.out OUT-fil 1 kB
|:] Theme.txt Textdokument 1kB
| UNTITLED.QUT OUT-fil 9 kB

Files and folders installed to C:\Users\Public\Documents\BLOCON\EED 4




Before v4.3, the setup file installed these files to the local user documents folder
“My documents\Blocon\EED 4” (e.g. ”C:\Users\[user name]\Documents\Blocon\EED 4”).

This could be a problem when an admin account was used for installation and another local user
account was running the program and had no access to the (admin) document folder (where
gfunc4.eed and other necessary files were present). With v4.3 different users on the same machine can
now access the shared files.

This means that when you update your old version to v4.3 there may be two document folders (the old
local document folder and the new shared document folder). If EED detects both folders upon start (it
will actually search for the file “gfunc4.eed”) it will ask what folder you want to start in, see picture
below. Simply erase (or rename) the folder you don’t want to use and EED will use the other one
upon start. Remember to move your input files first if applicable.

Information h:4

o Two different felders found that contains file
gfuncd.eed.

Do you want to use the start folder for the local user
account?

Press "Yes" for the local user folder
Coalsers\ThomashDocurments\Blocon\EED 4

Press "Mo" to use the shared folder instead:
CoaUsers\Public\Documents\Blocon\EED 4

Yes Mo

The used folder name is shown in the EED main window. It is also shown by the menu item
Info/System info in EED (see row “Start up directory”).

It is also possible to change to another start up folder (e.g. to a Dropbox folder). To do this open the
shortcut for EED that is located in "C:\ProgramData\Microsoft\Windows\Start
Menu\Programs\BLOCON". Right-click on the shortcut for “EED 4.3” and choose Properties and set
folder name in the “Start in” field. See picture below. Make sure you copy all the files (with sub-
directories) to the new folder. However, if EED finds the default shared or local user folders it will try
to use them first so make sure you delete (or rename) these folders first.



\» Egenskaper for EED 4.3 *

Sakerhet Irformation Tidigare versioner
Allmant Genvag Kompatibilitet
>~
L EED 43
ay
Typ: Program
Plats: EED_wd 3
Mal: | Files chE}'-—.ELOCON'-.EED_M.3'—-.EED_v4_3.e:<e"|

Starta i 'C:\Dropbox\EED"| |

Kortkommando: | Inget |

Kiri: Nomalt fonster ~
Kommentar: | |
Oppna filsokvag Byt ikon... Avancerat...
pong | | e

1.4 Activation and deactivation of EED

The first time EED is started it requires to be activated. Administrators rights are needed for this.
In order to move the license to a new PC, you need to deactivate the old PC first:

The license will be deactivated when the software is uninstalled via the Windows control panel (make
sure you have Internet access during this point). This will release the activation so that it can be used
on a new machine by the same or by another user. EED will not work on the deactivated PC.

So, uninstall EED first on the old computer. After that download the latest version and install/activate
it on the new computer. Then copy your data files from the old machine to the new machine.

Please note that it is not possible to swap the license back and forth between two PC:s. There is a built
in limit for this and too many deactivations on the same machine will block it for further activations.
A single user license should be used permanently on one PC, but can be deactivated in order to be
moved to a new PC of course.

1.5 Floating network license option added in EED v4.20

An annual subscription for multiple users with floating licenses are now offered, see
https://www.buildingphysics.com/download/floatinglicenses.pdf



https://www.buildingphysics.com/download/floatinglicenses.pdf

2. Some changes compare to EED v3

2.1 Simulations F9 and F10

Solving a case for required borehole length (F10) will show a chart “T(D)” (fluid temperatures —
depth) for the chosen simulation time. The figure below shows results after 25 years.

In the following case a depth D=76,78 m is found (marked in green):

V' Chart T(D)

File Options

¥ — Tmax
¥ — Tmin
[¥ == Tmax constraint
[¥ == Tmin constraint
¥ — Depth

Fluid temperature [°C]

T T T T T
200 400 600 300 1 000
Depth [m]
Monthly simulation: UNTITLED.DAT
Year: 25
Configuration: @ ("1 : single")
Calculated depth D: 76,78 m
Tfmin: -5°C max: 5,2368°C

The min/max fluid temperatures are here given by:

Fluid temperature constraints

I aximum mean fluid temperature: I 15,00 -
Minirmum mean fuid temperature: I B.000 ¢
[#] Include peak loads




If a depth D is found, the value will be used in the “Borehole and heat exchanger” menu:

Borehole and heat exchanger X

Sorehole
e Single-U =
Config. o7
0("1: single”)
Depth 76,78 m
Spading 10,00 m
Diameter 110,000 | | oy
Contact resistance pipe/fling 0,0000 MW
Filing thermal conductivity 0,600 (D | wymeiq
Vol. flow rate Q:
for all boreholes (@) per borehole 2,000 |
Series factor (1=parallel): [T Qbh==2ls
U-pipe
Outer diameter 32,000 mm
Wall thickness 3000 19|
Thermal conductivity 0,420 _ ) WimK)
Shank spacing 70,000 mm
Shank spacing
= T @ | m
=3 S
~ —
. J g - =
| Copy to cipboard ‘ | Il cose

(In EED v3 this value was not automatically changed).

To get the fluid variation for the whole simulation time, press F9 (Solve mean fluid temperatures):

‘1 Fluid temperatures = (3] &3
File Options
g
5 E—r
— Peak max

P — Peak min
g 3 --- Heat extraction [Wim]
@
5 =z
g,
@
o
£ ]
[
= 4
2
2 2
[

-3

-5

2 4 ] g 10 12 14 16 18 20 22 24
Years
Monthly simulation:
Configuration: 0 ("1 : single”), D: 76,78 m
Fluid temperatures for last year: min: -4,9986°C max: 5237°C
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Any area can be zoomed. The heat extraction rate is also plotted here:

'] Fluid temperatures

File Options

i

8 B— Tt

10 [|— Peak max

12 ["]— Peak min

14 [ - Heat extraction [Wim]

Fluid temperature [°C]
5]
[wian] 2381 uopoRXa JEOH

ERERERR

225 23 235 24 245 25

Monthly simulation:
Configuration: 0 (™1 : single”), D: 76,78 m
Fluid temperatures for last year: min: -4,9986°C max: 5,237°C

For the following case, a depth is not found:
Fluid temperature constraints

b aximurn mean fluid temperature:

Minimum mean fluid temperature;

[¥] Include peak loads

' Chart T(D) - O x

File Options

¥ — Tmax
¥ — Tmin

10‘; [¥ == Tmax constraint
- 89 [¥ == Tmin constraint
= g ¥ — Depth
2
3 4
el
2 2]
B
2 0
-
5 -2
=
-4
-6
-8
-10
=12
200 400 600 0o 1000
Depth [m]
Monthly simulation: UNTITLED.DAT
Year: 25
Configuration: 0 ("1 : single")
**¥0p solution found! Depth not changed. ***
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2.2 Quicker and better optimization

EED v4 will find more solutions (especially for cases with cooling loads) compared to v3 for the
optimization. EED v4 is more than 50 times faster than EED v3. As an example, assume we have an
annual base load value of 1000 MWh:

Base load

Base load (without DHW):
(® Annual energy and monthly profile
Monthly energy values

[Miaik] Heat Cool Ground

snoust | 1000 | 0000 | Update |

SPF 3,00 3,00

January

February

March

Apri

May

June

July

August

September

October

Naovember

December
Sum:

Domestic hot water (DHW):

Annual 5.000 SPF .00

[Méh] Heat pump Ground Buikiing
Heat: 1000x1/3  + 7000:2/2 = 1000
(33233 [BEG.67)

DHil: 5143 + Bi2/3 =5
[1,6667) [3.3333)

Cool:  0x1/3 + Ondf3 =10
U] 0]

Heat: Heat pump Euilding
335 == . = 1005
Ground 670

Cool: Heat pump Building
0 == Y ==

Graund 0

Heat extracted from ground: 666,67+3,3333-0=670

% Grapn Il L gose \I

Optimization for ”Max land area” of 500x500 m? takes 2,5 minutes using EED v3, and only 8 seconds
using EED v4 (on an Intel i7 3770K @3.5Ghz CPU), see below.

[ Optimization UNTITLED.DAT - o
ile
Config 0jF= & Optimize 4 &utomatic grid step Step: ,72 m égr;md lenath O Cost
ax land area 500 500 — Config B8/E8 "3 u B, L2-configuration
Borehols spacing 5 . 100 m Bacid Wiy
Db ,750 , 00 w4396 cases hied Round aff values Best configs: 106 12356 14053 115132177 18963
Solutions found 2343 [ &sa list cases with warmings
Ma no boreholes 2000 Analys started 14:00:58, stopped 14:03:28 time:  2m30s  Double click on row for details
Config Nobh Type Spacing [m] Depth Im]  Total length [m] Land area [m?] Length [m] Width [m] Comments Cost [EUR] BN
123 13  5x5 U-configu. 100 284 3689 1,6E005 400 400 Chosenf. 1]
106 13 3 x6 U-configu 99 284 3689 98010 485 198 Detailed 0
106 13 3 x6 U-configu 100 284 3689 1E006 500 200 Detaied ... 0
123 13  5x5 U-configu 98 284 3689 1,54E005 392 382 Detaied ... 0
123 13 5x5 U-configu 99 284 3689 1,57E005 396 396 Detailed 0
123 13 5x5 U-configu 100 284 3689 1,6E005 400 400 Delaled.. 0
123 13 5x5 U-configu 95 284 3690 1,44E005 380 380 Chosenf. 0
106 13 3 x6 U-configu 96 284 3690 92160 430 192 Detailed ... o
106 13 3 x6 U-configu 7 284 3690 94090 435 194 Detailed 0
106 13 3 x6 U-configu 98 284 3690 96040 480 196 Detaied ... 0
123 13  5x5 U-configu 95 284 3690 1,44E005 380 380 Detaied ... 0
123 13 5x5 U-configu 96 284 3690 1,4TE0DS 384 384 Detailed 0
123 13 5x5 U-configu a7 284 3680 1,51E005 388 388 Delaled.. 0
106 13 3 x6 U-configu 95 284 3691 90250 475 180 Chosenf. 0
106 13 3 x6 U-configu 93 284 3691 86490 465 186 Detailed ... o
106 13 3 x6 U-configu 94 284 3691 88360 470 188 Detailed 0
106 13 3 x6 U-configu 95 284 3681 90250 475 180 Delaled.. 0
123 13 5x5 U-confiqu g2 284 3691 1,35E005 368 368 Detailed ... 0 v V3
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"y Optimization UNTITLED.DAT EED v4.20 - [m} >
File
Canfig ’—D ) 7 Optimize [ Awtomatic gid step Step: ’_2 m %?El.'otal length
Max land arsa 500« 500w — Config 69/63 "3 x B, L2-configuration' O Cost
Borehale spacing ’—5 - o0 m P Spacing 1o
50 . W0 w4097 cases bied Fiound off values Best configs: 1081235614053 116132177 18363
Borehole depth ’— Solutions found: 2830 [ &lso list cases with wamings
Number of boreholes ’71 ’ ,ﬁ Analysis stated 10:34:24, stopped 10:34:32 time: 82 Double click on row for details
Config Nobh Type Spacing [m] Depth [m]  Total length [m] Land area [m?] Length [m] Width [m] Comments  Cost[EUR] 2
123 13 5x5 U-configu... 100 284 3689 160000 400 400 Chosenf.. 0
106 13 3 x6 U-configu... 98 284 3689 S6040 480 196 Detailed... 0
106 13 3 x 6 U-configu 99 284 3689 98010 485 198 Detaled o
106 13 3 x6 U-configu... 100 284 3689 100000 500 200 Detalled.. 0
123 13 5 x5 U-configu... o8 284 3689 153664 392 392 Detalled... 0
123 13 5 x5 U-configu 99 284 3689 156816 396 396 Detaied o
123 13 5 x5 U-configu... 100 284 3689 160000 400 400 Detalled... 0
106 13 3 x6 U-configu... 95 284 3690 90250 475 190 Chosenf. 0
123 13 5 x5 U-configu 95 284 3690 144400 380 380 Chosenf o
106 13 3 x6 U-configu... 95 284 3650 90250 475 190 Detailed... 0
106 13 3 x6 U-configu... 96 284 3690 952160 480 192 Detailed... 0
106 13 3 x 6 U-configu 97 284 3690 54080 485 194 Detailed 1}
123 13 5 x5 U-configu... 95 284 3650 144400 360 380 Detalled.. 0
123 13 5 x5 U-configu... 96 284 3690 147456 384 384 Detalled... 0
123 13 B x5 U-configu... 97 284 3690 150544 388 338 Detalled... 0
106 13 3 x6 U-configu... 82 284 3651 84640 460 184 Detailed... 0
106 13 3 x6 U-configu... 93 284 3651 86450 465 186 Detailed... 0
106 13 3 x6 U-configu... 94 284 3691 88360 470 188 Detailed... 0 v V4

(The optimization using hourly values will take about 2 minutes only in v4, see section 3.6).

Double-click any row to get the fluid temperature variation. Note that the values for spacing and depth
in the “Borehole and heat exchanger” menu will be set to new values (just as in v3).
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3. Simulations with hourly values

3.1 Introduction

EED v4 can calculate the response due to any hourly load variation. This means that it handles any
loads for cooling, heating, and DHW (District Heat Water), with a resolution of one hour.

To use hourly simulation, go to menu item “Input/Hourly Calculations” and check “Solve for hours”.
All calculations will then use hourly values. This affects items “Solve mean fluid temperatures F9”,
“Solve required borehole length F10”, and “Solve required borehole length — Optimization F11”.

% Hourly calculation (load profile) — O x
Solve for hours
Make hourly loads from monthly base loads Show chart with resulted load profile

Make hourly loads from monthly peak loads
Read file(s) with hourly values (exchanging any values given by monthly base and peak loads)
Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C: \Users {Thomas\Documents\Blocon \EED 4 |

Path found File types possible:
(®) A, Read file with net heat injection: (Click for help)
o | |atest.bct | | open | ok 2
(_JB. Read files with loads:
Heat: | - | |Gtest.txt Open | OK 1l [2
Cool: gtest. txt Open  OK 1 2
gtest. txt Open | OK 12

DHW:

(J)C. Read file with loads in xs-style:

quls, tt Open | OK 3

‘You can enablefdisable separate loads for options B and C:

= Default date format: yyyy-MM-dd
Cool:
DHW: Help on date formats

3.2 Note on calculation times

A simulation using hourly values for the load takes longer time than a simulation using monthly
values, but is still very quick with the new parallel SIMD or GPU methods, see chapter 6. As an
example, solving for fluid temperatures for the first 25 years may take only a few seconds on a CPU
such as an Intel 13, 15, or i7. A calculation based on monthly values normally takes less than a second.

Tip to decrease the calculation time when using hourly values:

It is normally sufficient to only look at a specific year (e.g. the 25:th year if the loads are the same
every year). Use “Show results after x years” in menu item “Simulation period”. The CPU time in this
case will just be a fraction of a second since output only will be calculated and showed for year 25 (no
output will be shown for years 1-24). See examples below.

15



Simulation period Simulation period
Simulation period |E years Simulation period 25 years
First month of operation 9 First month of operation El
Show results after ’_D years Show results after ,E years
e FLome
CPU-time about 2 secs on a i7 CPU-time about 0.2 seconds on a i7

3.3 Specifying data for hourly values

The given monthly base and/or peak loads for heating, cooling and DHW can be used as default
hourly values (repeated for all years). Any hourly value can be changed by data given in files. It is
possible to exchange any number of values (from one specified hour up to all values for 100 years
which is 876000 hours). In this way, it is quite simple to use the base loads together with new hourly
values for e.g. peak heat and cools loads taken from the files. /¢ is of course also possible to specify
the complete load profile by using files only.

Make hourly loads from monthly base loads: The monthly base loads for heating, cooling and
DHW as given in menu “Input/base loads” can be used to create default hourly values (repeated for
all years). The calculated hourly results for the mean fluid temperature will be the same as in the case
with a monthly calculation for each month.

Make hourly loads from monthly peak loads: If monthly peak loads are given, the last hours of
each month will be used to fill hourly values. E.g. if the power is SkW with the duration of 5 hours in
January, the 5 last hours (t=726..730) will use SkW. Note that if the peak load value is less than the
base load value, the base load value will be used.

The two options above make it possible to open a EED v3 project and directly run an hourly
simulation based on the monthly loads. It is then quite easy to see the effect of a peak load just by
defining some new values in text file(s).

Values for hourly heat injection/extraction rates to/from the borehole, or loads, can be given by three
methods using files:

A. Read file with net heat injection: Direct hourly values [W] for net heat injection to the
boreholes are given in one file. Positive values means heat injection, negative values means
heat extraction.

File type 1 and 2 can be used, see description below.

B. Read files with loads: Values for hourly loads [W] are given in three separate files for
heating, cooling, and DHW, respectively.
File type 1 and 2 can be used, see description below.

C. Read files with loads in XLS-style: Values for hourly loads [W] are given in one file for
heating, cooling, and DHW, respectively.
File type 3 should be used, see description below.

The matrix below shows available combinations:

File Type: 1 2 3
Input method
A X X
B X X
C X

The heat injected to the boreholes for each hour for method B and C is calculated as
Qinjected=Cheat™ (Spfh-1.0)/spfh + qeoot* (spfet1.0)/ spfe + qanw™(Spfanw-1.0)/spfanw

16



Note that all heat flows are here defined as positive from the ground to the borehole which means that
the values in the files for heating and DHW loads should be negative (heat is extracted from
boreholes), while the cooling load values should be positive (heat is injected).

Also note that the SPF values for heat, cooling, and DHW are the same as the ones given in menu
“Input/base loads”.

It is possible to enable/disable to use any of the loads by checking Use.

The heat injection rates, and loads, are given for the whole system (i.e. for all boreholes) in [W]. EED
will divide the values with the number of boreholes and the depth for the current configuration and
present results in W/m (i.e. per meter borehole).

If Use same annual variation (using data for year 1) is checked, the load profile for the first year
will be used for all years (even though the file(s) have values for t>1 year).

Any text file can be opened in the Notepad editor by pressing Open (if it already is open press Alt-
Tab to toggle between EED and Notepad). The files will be re-read whenever a simulation is started
(F9, F10, or F11). Remember to save the file before starting any analysis.

Tip: Since there are many ways to give input for loads it is a good idea to check that resulting data
are correct. The chart “Show chart with resulted load profile” will show the final heat
injected/extracted to/from boreholes that is used for the simulation.
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Format for files

There are three ways how to specify data in files, see type 1, 2, and 3 below. The first row in a file
should contain the type number followed by an optional factor that is multiplied with the values read.
Values are assumed to be in [W]. If values are given in kW, the factor should be 1000. The factor may
also be negative, e.g. “-1” will change values taken from a heating load file (with negative values
since heat is extracted) to positive values which means heat injection (cooling load), and vice versa. It
is also quite easy to use this factor in order to see the effect if loads are raised by e.g. 10% (factor 1.1),
lowered by 20% (factor 0.8), or doubled (factor 2). Comments can be added after the data, or on a
separate line that starts with “%?”. Blocks can be commented out by “{* and “}”.

Default load values are given in SI units as [W], but can also be given in Imperial units as [BTU/h].

(Y3

The decimal mark for load values can be both a dot (“.”) or a comma (*,”). EED will automatically
recognize e.g. “45.2” and “45,2” as the same value.

File type 1. Hourly values (q0, ql, g2...) given as a list. Maximum number is 876000 (100 years).
Normally 8760 values are given in order to specify data for a year.

row 1: [type] [factor] (optional) example: “1 1000”
following rows:
(optional) [dateformat] [string] example: "dateformat ymd"
(optional) [dateseparator] [string] example: "dateseparator -"
(optional) [BTU] Input given in BTU/h instead of in W (1W=3.41214 btu/hour)
(optional) [date] example: "2006-03-21" or "2006-03-21 10:00"

[value] example: “45.2”

The parameters [dateformat] and [dateseparator] are described in a separate section below.

The optional [date] row specifies when hourly data is started for a specific year. The date can be given
as:

“2006-03-21 00:00:00”, or "2006-03-21 00:00", or just “2006-03-21”, will give start index
t=1896h (it has passed 79 days, i.e. 79*24=1896h, to this date and time for year 2006) which
means that the first value read (on third row) will have index q1896, the second value q1897,
and so on. Since data is not given for q0..q1895, values from base loads will be used if that
option is checked, otherwise zeros.

“2006-03-21 05:00:00”, or just “2006-03-21 5” will give start index t=1901h which means
that the first value read will have index q1901, the second value 1902, and so on.

If no row is given, the start time is assumed to be t=0, and the first value read will have index 0
(“q0”). The start time can be different in e.g. the load files for heating, cooling, and DHW.

Example A:

1 % type 1, comments can be written after “%”’

-45818.6 % q0=-45818.6 W (a negative value means heat is extracted from boreholes)
-46807.9 % q1=-46807.9 W

-47203.6 % etc

Example B:

1 1000 % type 1, values are given in kW so we specify a factor 1000
-45.8 % q0=-45.8 kW=-45800 W

-46.8 % etc

-47.2

Example B in BTU/h
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1 1000
BTU
-156
-160
-161

Example C:
1 -1000
2006-03-21
-45.8

-46.8

-47.2

Example D:
11100
-45.8

{
-46.8

}
-47.2

row 1:

following rows:

(optional)

% type 1, values are given in kBTU/h so we specify a factor 1000

% q0=-156 kBTU/h=156000 BTU/h
% etc

% type 1, factor is negative and file values will change sign

% start time for index

% q1896=45.8 kW (heat is now injected since the factor is negative)
% q1897=46.8 kW

% q1898=47.2 kW

% type 1, values are given in kW and raised by 10% which gives factor 1100
% q0=-45.8*1100=-50380 W will be used

% many rows can be commented with a block comment

% ql now becomes -47.2*1100=-51920 W

File type 2. Time, value and optional duration time given on each row:

[type] [factor] (optional) example: “2 1000”

[BTU] Input given in BTU/h instead of in W (1W=3.41214 btu/hour)
[time] [value] [duration] (optional) example: “2m -2.774 1m”

The time (and duration time) can be given in hours, or by using a time-string which is a
sequence of pairs with a number and one of the following letters:

y year (365 days, 8760 hours)

m month (365/12=30.417 days, 8760/12=730 hours)
d day (24 hours)

h hour (can be omitted)

Here are some examples of time-strings:

“lyl4h” 1 year and 14 hours (can also be given as e.g. “1y14” or “8774h” or “8774”)
“14m3d15” 1 year, 2 months, 3 days and 15 hours (same as “1y2m3d15”)

“Im” 1 month

“Ha2d” Not valid. The expression must be in descending order, see next row.
“2d1h” This string is OK, meaning 2 days and 1 hour

Example E: The time does not have to be given in any specific order:

2 % type 2

1 -45818.6 % ql1=-45818.6 W

4 -46807.9 % q4=-46807.9 W

55 -47203.6 % q55=-47203.6W

6 -46807.9 % q6=-46807.9W
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Example E in BTU/h

2 % type 2

BTU

1 -156340 9% ql=-156340 BTU/h
4 -159715 % q4=-15971 BTU/h
55-161065 % q55=-161065 BTU/h
6 -159715 % q4=-15971 BTU/h

Example F: Some monthly loads:

21000 % type 2, factor is 1000 since we give data in kW
0-3.439 Im % -3439 W is used for q0..q729 (i.e. for Jan)

Im -3.284 Im % -3284 W is used for q730..q1459 (i.e. for Feb)
Im721 -10 10h % e.g. a peak load that now replaces q1450..q1459 with -10 kW
2m -2.774 1m

3m-2.197 Im

4m -1.420 Im

% no load for summer months (comments can be added after “%)

%9m -1.931 Im % this row is ignored since it is commented out
10m -2.596 1m

11m -3.196 1m

Example G A peak heat load is put at the last 10 hours in Jan:
2
720 -3333 10 % q720..q729 put to -3333 W

Example H A peak cool load is put the first two days in July after the 5 year:
2
Syém 6000 2d % q48180..q48227 put to -6000 W

(1st index calculated as 5*8760+6*730=48180)

(last index calculated as 5*8760+6*730+2*%24-1=48227)

(Note that option Use same annual variation (using data for year 1) should not be checked
in example H case since data are given for t>1 year in this case.)
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File type 3. Hourly values for date and time, heat load, cool load, and DHW load, are given in four
columns in a text file. Data can be copied from e.g. Excel into the text file.

A B C D El«
Date and time Heat from the ground  Heat to the ground  DHW

: while heating (kW while cooling (kW)

2 2006-03-21 00:00 -82.65 0

3 2006-03-21 01:00 79.51 0

4 2006-03-21 02:00 76,97 0

5 2006-03-21 03:00 -92.35 0

6 2006-03-21 04:00 -155.43 0

T 2006-03-21 05:00 -134,94 0

8 2006-03-21 06:00 1117 0

9 2006-03-21 07-00 -66,75 0

10 2006-03-21 08:00 -87,72 0

11 2006-03-21 09:00 -65,02 0

12 2006-03-21 10:00 -54 69 0

13 2006-03-21 11:00 -42 35 0

14 2006-03-21 12:00 -29.78 4,32

15 2006-03-21 13:00 -0,75 8,37

16 2006-03-21 14:00 0,21 15,9

17 2006-03-21 15:00 0 22,32

18 2006-03-21 16:00 0 23,91

19 2006-03-21 17:00 0 23,13

20 2006-03-21 16:00 43.98 0

21 2006-03-21 19:00 -56.85 0

22 2006-03-21 20:00 -61.42 0

23] 2006-03-21 21:00 57,66 0 .
row 1: [type] [factor] (optional) example: “1 1000”
following rows:
(optional) [dateformat] [string] example: "dateformat ymd"
(optional) [dateseparator] [string] example: "dateseparator -"
(optional) [BTU] Input given in BTU/h instead of in W (1W=3.41214 btu/hour)
(optional) [date] [q_heat] [q_cool] [q_dhw]

The date and time can be given as “yyyy-mm-dd hh:ss” or “yyyy-mm-dd hh”, e.g:
“2006-03-21 00:00”, or “2006-03-21 00

Example A:

3 1000 % type 3 factor 1000

2006-03-21 00:00 -82,6 0 % qh=-82,6 kW at t=1896, qc=0

2006-03-21 01:00 -79,50 -1 % qh=-79,5 kW at t=1897, qc=0 kW, qdhw=-1 kW
2006-03-21 02 -332-0.1 % qh=-33 kW at t=1898, qc=2 kW, qdhw=-0.1 kW

In this case, the date 2006-03-21 00:00 gives t=31+28+20=79 days (t=24*79=1896).

Note that leap years (e.g. year 2016) have 366 days, and 29 days is February. The date 2016-03-21
00:00 gives t=31+29+20=80 days which is 1920h (t=24*80).

Note that these lines are ok:

“2006-03-21 00:00 -82,65”
Value defined for heating. No values defined for cooling and DHW.

“2006-03-21 00:00 -82,65 5,57
Values defined for heating and cooling. No value defined for DHW.

“2006-03-21 00:00 -82,655,50”
Values defined for heating, cooling, and DHW (=0)

What does defined value means? Assume that "Make hourly loads from monthly base loads" and/or
"Make hourly loads from monthly peak loads" is checked. Defined values in files will always override
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(exchange) the default values from monthly base and peak loads. If you do not want to define a value

use "x", such as

“2006-03-21 00:00 x 5,5x” or just “2006-03-21 00:00 x 5,5”
Base load/peak load value will be used for heating and DHW, and 5,5 will be used for cooling
“2006-03-21 00:00 82,65 x 0~

82,65 will be used for heating, base load/peak load value will be used for cooling, but value
will be zero for DHW
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3.4 Date formats

Different date formats can be used in file type 1 and 3. The default date format is taken from the OS
settings. It is possible to force the format by using "dateformat" and "dateseparator", see examples
below.

It is sufficient to give "dateformat" and "dateseparator" once (before the first date is given).

Adding "dateformat" and "dateseparator" in a load file is recommended since the file will work on
all PC:s regardless of date formats in OS.

Examples file type 1:

dateformat ymd % Sweden, Germany, etc
dateseparator -
date 2006-03-21 11:00

dateformat dmy % Germany, etc
dateseparator .
date 21.03.2006 11:00

dateformat mdy % USA, etc
dateseparator /
date 3/21/2006 11:00

Example file type 3:

(Same input specified in three different date formats)

3 1000

dateformat ymd % Sweden, Germany, etc
dateseparator -

2006-03-21 00:00 -82,650 % (t=24*79=1896)
2006-03-21 01:00 -79,51 0 -1

2006-03-21 02 -332-0.1

dateformat dmy % Germany, etc

dateseparator .

21.03.2006 00:00 -82,65 0 % (t=24*79=1896)
21.03.2006 01:00 -79,51 0 -1

21.03.2006 02 -332-0.1

dateformat mdy % USA, etc
dateseparator /

03/21/2006 00:00 -82,65 0 % (t=24*79=1896)
03/21/2006 01:00 -79,51 0 -1

03/21/2006 02 -332-0.1
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3.5 Example (Hourly _example_1.dat)

Consider the base loads given below. The ground load (that depends on the SPF) will here be used as
default values for all hours (repeated for every year). E.g., the ground load for January is calculated as
16,200*0,155*(3-1)/3+5*(3-1)/3/12=1.952 MWh (contribution from heat load and DHW load). The
heat extraction from the ground will be 1,952¢6/730=2674 W per hour during January. Since we have
one borehole of 110 m depth, the heat extraction is 2674/110=24,31 W/m.

Base load

Base load (without DHW):
@ Annual energy and monthly profile

Monthly energy values

[k k] Heat Cool

Aonual [ 16200 | 0000

SPF 200 2.00
Direct Direct

January 0155 0,000 52
February 0148 0,000 1.876
March 0125 0,000 1.628
April 0.093 0,000 1.347
May 0.064 0,000 0,963
June 0.000 0,000 0274
July 0.000 0,000 0.278
August 0.000 0,000 0278
September 0.061 0,000 0937
October 0087 0,000 1.217
Mowvember 017 0,000 1.541
December 0144 0,000 1.533

Sum: 1 ] 14,133
Domestic hot water (DHW):
g 2.00

Annual |

[rh] Heat pump Ground Building
Heat: 1B.2x1/3 + 16.202/3 = 1B.2
5.4] (10.8)

DHW: 5143 + 523
[1.6657] (3.3333)

Cool:  0x1/2 + 0x3/2
[0 ]}

Heat purp Building
TOREF ==r . ==r 212
Ground 14,133

Heat pump Building
0 === " == 10

Ground 0

Heat extracted from ground: 10,8+3,3333-D=14,1| ﬂ|

> Graph | | o1 cose |

For this demonstration case we only simulate three years:

Simulation period

Simulation period 3 years

First month of operation

Show results after

Mo
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Let us first make an ordinary monthly simulation:

Press F9. The output from a monthly simulation will give Tmin=-0,076 after three years:

] Fluid temperatures o = X
File Options

@7 T
— Peak max
— Peak min
[# - Heatextraction [Wim)

Fluid temperature [°C]
Wil a3el uonoeXa JeaH

] 02 04 06 038 1 12 1,4 18 18 2 22 24 28 28

Monthly simulation: HOURLY EXAMPLE 1. DAT
Configuration: 0 ("1 * single”), D- 110 m
Fiuid temperatures for last year: min: -0,07596°C max. 6,9943°C

The heat extraction is 2674/110=24,31 W/m for January, just as we calculated before.

Now let us do an hourly simulation using the base load values:

" Hourly calculation (load profile) — O *
Solve for hours
Make hourly loads from monthly base loads Show chart with resulted load profile

Make hourly loads from monthly peak loads
[Jread file(s) with hourly values (exchanging any values given by monthly base and peak loads)

|Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C:\Jsers{Thomas\Documents\Blocon\EED 44

Fath found File types possible:
&. Read file with net heat injection: (Click for help)
Hourly_example_1_load. txt Open | OK 1| (2

B. Read files with loads:

Heat: | oo | oDt Open | File not found 1| [2
Cool: | o= | B Open | File not found 1| [2
DHW: Lo | B Open | File not found 1 [z

C. Read file with loads in xls-style:

St Open | File not found 3

You can enable fdisable separate loads for options B and C:

Heat:
CE:I' Default date format: yyyy-MM-dd
DHW: Help on date formats

Since we do not have peak loads it does not matter whether "Make hourly loads from monthly peak
loads” is checked or not.
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Press button “Show chart with resulted load profile”:

]
X

7] Hourly load profile o
File Options

-0,2

04

-08

-0,8

Heat injected to boreholes [kVV]

-22

24

-28

0 5000 10000 15000 20000 25 000
Hours

HOURLY_EXAMPLE_ 1 DAT
Load extremes: max heat load: -2,6737 kW

As shown above, the heat extraction from the ground is 1,952e6/730=2674 W during January.

Press F9 to start a simulation. The output from a hourly simulation will give the same minimum mean
fluid temperature as the monthly simulation: Tmin=-0,076 (at t=3 years):

[
x

4 1 Fluid temperatures

File Options

2 B
— Tfin
— Tf_out
[ — Heat extraction [W/m]

Fluid temperature [°C]
[wian] 2381 UORIER X JROH

20

22

24

o 02 0.4 0.6 0.8 1 12 14 16 1.8 2 22 24 256 28 3
Years
Hourly simuiation: HOURLY EXAMPLE 1.DAT
Configuration: 0 ("1 : single”), D: 110 m
Fiuid temperatures for last yesr min: -0,07596°C max_ 6,9943°C

We now use the file “Hourly example 1 load.txt” that have the following data instead (here opened
in “Notepad”):
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| Hourly_example_1_load.txt - Anteckningar - O x

Arkiv - Redigera Format Visa Hjalp

h % type 1

datefermat ymd X% Sweden, Germany, etc
dateseparator -

-3888  %go@=-3 kW

-4988  ¥gl=-4 kW

V"5 Hourly calculation (load profile) — m} x

Solve for hours
Make hourly loads from monthly base loads Show chart with resulted load profile
Make hourly loads from monthly peak loads

Read file(s) with hourly values (exchanging any values given by monthly base and peak loads)
Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C:\JJsers\Thomas\Documents‘\Blocon‘v.EED 4 |

Path found File types possible:
(®) A, Read file with net heat injection: (Click for help)
|Hourly_example_l_load.txt | Open | OK 1| |2

(") B. Read files with loads:

Heat: | - | - Open | File not found N B
Cool: et Open | File not found 1l |2
DHwW: bt Open | File not found 1| |2

(D) C. Read file with loads in xls-style:

St Open | File not found 3

‘fou can enable/disable separate loads for options B and C:

2:::: Default date format: yyyy-MM-dd
DHW: Help on date formats

Since Use same annual variation (using data for year 1) is checked, the profile will be repeated
year after year.

Open the hourly chart load profile. Zoom up the area for hours between e.g. 0 and 12 (click and hold
down left mouse button and move cursor left/down):
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.r! Hourly load profile - O *
File Options
E -0.5
_~‘ -1
=
w .
] 15
o 22
=
D s
Q
£ 3
L
g -35
-l‘:; -4
g
‘E -5
I 55
-8
o 5 000 10 000 15 000 20 000 25 000
Hours
HOURLY_EXAMPLE_1.DAT
Load extremes. max heat ioad: -6 kW
(] Hourly load profile -ox
File Options
-1
15
g
= 2
w
@
5 25
=
2 s
o
a
3 -35
o
2 4
ki
@
= 45
T s
I
65
K
0 1 2 4 5 5 7 8 s 10 1
Hours

HOURLY_EXAMPLE_1.DAT
Load extremes. max heat load. -6 kW

The output from the hourly simulation now gives Tmin=-5,854:
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. ] Fluid temperatures

File Options

B
— Tfin
— Tf_out
[ - Heat extraction [Wim]

= MW R MM = @

L oo

—
[&]
e
©
bt
2
]
=
@
o
=
[
2
b=
=
(18

[wipn] a3ed uonoesXa JeaH

[L B SR 8]

Hourly simuiation: HOURLY _EXAMPLE 1.DAT
Configuration: 0 (™1 : single”), D: 110m
Fluid temperatures for lzst year: min: -5,854°C max: 6,994°C

Zoom the area around t=1 year (here we have first changed the time label to hours in menu item
“Options”). The ground heat injection value at e.g. t=3h (and t=8763h and so on) has the value -6000
W which gives 54,54 W/m for one borehole with depth 110m.

{1 Fiuid temperatures

o
X

File Options

B—r
15 — Tiin
— Ti_out
[# - Heat extraction [wim]

Fluid temperature [°C]
L S T N T
[wian] a3es uonoexa JeaH

8780 8782 8764 8788 8768 8770

Hourly simuiation: HOURLY_EXAMPLE_1 DAT
Configuration. 0 (°1 - singie’), D 110 m
Fluid tempsratures for lsst year: min: -5,854°C max: 6,994°C

Let us see the effect from a peak load, here 5 kW during 10 hours at the end of January:
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Peak heat and cool power

Peak heat Peak cool

Power Duration Power Duration

[k] [h] [kad] [k]
Jaruary s.000 70,000 0.000 0,000
February 0,000 0,000 0,000 0,000
karch 0.000 0.000 0.000 0.000
April 0.000 0.000 0.000 0,000
[SE 0,000 0,000 0.000 0,000
June 0,000 0,000 0.000 0,000
July 0,000 0,000 0.000 0,000
August 0,000 0,000 0.000 0,000
September 0,000 0,000 0,000 0,000
October 0.000 0.000 0.000 0.000
Maovember 0,000 0,000 0,000 0,000
December 0.000 0.000 0.000 0.000

e Graph | | j-L LCloze

The output from a monthly simulation (uncheck “Solve for hours”) will give Tmin=-1,47 after three
years:

[
X

‘1 Fluid temperatures —

File Options

4
B
& — Peak max
% Peak

— — Feak min
(] & oo ) ;
g, -~ [ - Heat extraction [Wim]
@ 0 @
2 =3
= -
g =8
5 =4
o 14 g
£ -
s 3
o
= 18 -E
(' =

=)

=
22
24
0 5 000 10 000 15 000 20000 25000
Hours

Monthly simuiation: HOURLY_EXAMFPLE_1.0AT
Configuration: 0 (™1 - single”), D: 110m
Filuid temperatures for last year: min: -1,469°C max: 6,9943°C

We can make an hourly simulation as follows:
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;’; Hourly calculation (load profile)
[+ solve for hours

[ Make hourly loads from manthly base loads
[+ Make hourly loads from monthly peak loads

- [m] X

Show chart with resulted load profile

[read file(s) with hourly values (exchanging any values given by monthly base and peak loads)

Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C:\Users{Thomas\DocumentsBlocon\EED 4

Path found

A. Read file with net heat injection:

Hourly_example_1_load. txt

B. Read files with loads:

Heat: | o | DX
Cool: bt
oHw: [ | B

C. Read file with loads in xls-style:

et

Open

Open
Open

Open

Open

‘fou can enable/disable separate loads for options B and C:

Heat:
Cool:
DHW:

OK

File not found
File not found

File not found

File not found

File types possible:

(Click for help)
1(1]2
1(1|2
1(1]2
1(1]2

5

Default date format: yyyy-MM-dd

Help on date formats

(1] Hourly load profile

File Options

Heat injected to boreholes [kW]

o
°
°

Years

12 14 15 18

Lozd extreme:

HOURLY_EXAMPLE_1.DAT
s max heat load: -3,3333 kW

Resulted load profile

File Options

Heat injected to boreholes [kW]

345

Hours

715 720 725 730

HOURLY_EXAMFLE_1.DAT

Losd extremes.

740

max hest load. -3,3333 kW

Zoomed area for end of January
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Since the SPF is 3, the ground load will be 5000%2/3=3333 W for the peak. The output from an hourly
simulation will also give Tmin=-1,47 after three years:

[
X

. ] Fluid temperatures o

File Options

[ - Heat extraction [W/m]

0
§ 2 B

4 — Tiin
7 6 — Tt out

8

1

18

20

Fluid temperature [°C]
[wian] 231 UORoE X JEAH

%)
@

o 5 000 10 00D 15000 20 000 25000
Hours
Hourly simutation: HOURLY EXAMPLE 1.DAT
Configuration. 0 ("1 : single”), D: 110 m
Fluid temperatures for iast year: min: -1,4709°C max: 6,994°C

For illustration, we now define the same peak loads by using files instead. The data defined for load
option A, B, and C below will all give the same load profile (see chart above) and the same calculated
results for the mean temperature.

File load option A

"y Hourly calculation (load profile) = O X

Solve for hours
Make hourly loads from monthly base loads Shaow chart with resulted load profile
[IMake hourly loads from monthly peak loads
Read file{s) with hourly values (exchanging any values given by monthly base and peak loads)
Use same annual variation (values for the first year wil be used for all years)

File load options:

Directory path: |C: \Wsers\Thomas\Documents'\Blocon\EED 4 |

Fath found File types possible:
(®) A. Read file with net heat injection: (Click for help)
|Hourly_example_ljeakload_A 1txi| | Open | OK 1|2

(O B. Read files with loads:

Heat: St Open | File not found 1] [
Cool: Bt Open | File not found 1| [2
DHW: St Open | File not found 1| |2

(J)C. Read file with loads in ws-style:
St Open | File not found 3

‘fou can enablefdisable separate loads for options B and C:

Heat:
C::I' Default date format: yyyy-MM-dd
DHW: Help on date formats
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See load file “Hourly example 1 peakload Al.txt™:

| Hourly_sxample_1_peakload Al - .. — a *

Arkirv  Redigera Format Visa Hjélp

1 % type 1

dateformat ymd X Sweden, Germany, etc
dateseparator -

date 2885-21-31 %1t has passed 38 days, 38%24=728h
-3333,33

-3333,33

-3333,33

-3333,33

-3333,33

-3333,33

-3333,33

-3333,33

-3333,33

-3333,33

Pressing F9 gives Tmin=-1,47.

b

We can also use file type 2, see “Hourly _example 1 peakload A2.txt”.

| Hourly_example_1_peakload_A2.txt - Anteckningar - O *
Arkiv  Redigera Format Visa Hjilp

2 % type 2 [value] [duration] (optional)
720 -3333,33 10 % [time] [value] [duration]

Pressing F9 gives Tmin=-1,47.

In this case we have replaced the same hourly loads from the monthly peak load with data from file,
so it does not matter whether “Make hourly loads from monthly peak loads” is checked or not,

File load option B

Make sure to disable the import of “Cool” and “DHW” values at the bottom:
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"y Hourly calculation (load profile) - O *

Solve for hours
Make hourly loads from monthly base loads Show chart with resulted load profile
[IMake hourly loads from monthly peak loads
Read file(s) with hourly values (exchanging any values given by monthly base and peak loads)
Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C: \WsersThomas\Documents\Blocon\EED 44 |

Path found File types possible:
(O A. Read file with net heat injection: (Click for help)
Hourly_example_1_peakload_A2.t«d | Open | OK 1| |2

(®) B. Read files with loads:

Heat: | - |H0ur|y_example_ljeakload_B 1.b(t| Open | OK 1] [
Cool: | = | St | Open | File not found 1| [2
DHw: Lo | [Bt | [ open | Fie not found Nz

() C. Read file with loads in xs-style:

Jxt Open | File not found 3

‘fou can enable/disable separate loads for options B and C:

Heat: .
— 0 Default date format: yyyy-MM-dd
DHW: O Help on date formats

See file “Hourly example 1 peakload B1.txt”. In this case we have the peak load 5 kW. However,
since the value in menu item “Peak load” replaces the base load value (heating + DHW) we need to
subtract the DHW (5¢6/8760=0,5708 kW) since it is included in the base load from “Make hourly
loads from monthly base loads). (This is ok since the SPF-value is the same for the heat load and the
DHW load in this case.)

See file “Hourly example 1 peakload Bl.txt”:

| Hourly_example_1_peakload_Bl.bxt - Antec.. — O *

Arkiv  Redigera Format Wisa Hjilp

1 1888 % type 1 factor 1888 since ki is used
dateformat ymd % Sweden, Germany, etc
dateseparator -

date 2886-81-31 Xit has passed 38 days, 38%24=728h
-4,4292 % 5-8,578% kw

-4,4292

-4,4292

-4,4292

-4,4292

-4,4292

-4,4292

-4,4292

-4,4292

-4,4292

for heating

Pressing F9 gives Tmin=-1,47.

Another, perhaps simpler way, would be to use 5 kW for the heat load and just put zero for the DHW
load (with use DHW enabled):

j.Hourly_example_1_peakload_82.b¢-An... — O x
Arkiv Redigera Format Visa Hjilp

1 1888 % type 1 factor 1282 since kW is used
dateformat ymd % Sweden, Germany, etc

dateseparator -

date 28@6-81-31 %it has passed 38 days, 38*24=728h
-5 % 5-8,5788 ki
-5

fo 0 W I I R

for heating
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M_WI Hourly_example_1_peakload_B3.txt ... — O =
Arkiv - Redigera Format Visa Hjilp

1 1288 % type 1 factor 1288 since kW is used
dateformat ymd % Sweden, Germany, etc
dateseparator -

date 2886-21-31 X¥it has passed 38 days, 38*24=728h
-8 % 5-8,5788 kw

-2
-2
-2
-2
-2
-2
-2
-2
-2
for DHW
Or by using file type 2:
| Hourly_example_1_peakload_Bd.bt - ...  — O >
Arkiv Redigera Format  Visa  Hjélp
2 1888 % type 2 facteor 1888 since kW is used
728 -5 1@ % time value duraticn
for heating
]| Hourly_example_1_peakload_BS.t - ..~ — O e
Arkiv - Bedigera  Format  Visa Hjdlp
tz 1288 % type 2 factor 1888 since kW 1s used
728 @ 12 % time wvalue duraticn
for DHW
File load option C
s Hourly calculation (load profile) — O >
Solve for hours
Make hourly loads from monthly base loads Show chart with resulted load profile

[IMake hourly loads from monthly peak loads
Read file(s) with hourly values (exchanging any values given by monthly base and peak loads)

Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C:\,L.lsers\,Thomas\Documents\,BIocon\,EED 4 |

Path found File types possible:
() A Read file with net heat injection: {Click for help)
Hourly_example_1_peakload_A2.tx| | Open | OK 1| 2

(C)B. Read files with loads:

Heat: Hourly_example_1_peakload_Bl.txt| | Open | OK

1| (2
Cool: | » | |-Dit Open | File not found 1 2
DHw: | e | oDt Open | File not found 1| (2
(@) C. Read file with loads in xls-style:
e |Hourly_example_leeakload_C.b(t Open | OK 3

‘fou can enable/disable separate loads for options B and C:

Heat:
C::I: Default date format: yyyy-MM-dd
DHW: Help on date formats
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mj Hourly_example_1_peakload_C.tit - ..

Arkiv Bedigera Format Visa Hjélp

3 1888 % type and factor
dateformat ymd
dateseparator -
2886-81-31 2a:
288@g-21-21 21:
2886-81-31 82:
2886-81-31 83:
2886-81-31 84:
2886-81-31 85:
2885-281-31 2s6:
2886-81-31 87:
2885-281-31 23:
2886-81-31 @9:

-5
-5
-5
-5
-5
-5
-5
-5
-5
-5

2333888388

% Sweden, Germany, etc

DD DD DD DD DD
[ D= <

Here we have just copied the following rows from an Excel sheet:

W od ~ W & WK

e
SRl =]

o
5]

A

2006-01-31 00:00
2006-01-31 01:00
2006-01-31 02:00
2006-01-31 03:00
2006-01-31 04:00
2006-01-31 05:00
2006-01-21 06:00
2006-01-31 07:00
2006-01-31 08:00
2006-01-31 05:00

See file “Hourly example 1 peakload C.txt”.

Pressing F9 gives Tmin=-1,47.

B 5
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3.6 Optimization for hourly values

The optimization will take longer time using hourly values compared to monthly ones but is still quite
quick. Consider the example in section 2.2 where the optimization with monthly values during 25
years took 2 seconds to complete (on an Intel i7 3770K @3.5Ghz CPU). The same optimization takes
about 2 minutes [updated value for v4.20] using hourly values, see below. The analysis involves 4097
different configurations which means that about 30 configurations are analyzed every second.

\"y Optimization UNTITLED.DAT EED v4.20 - O *
Eile
Config = A Optimize Automatic: grid step sep: | 2 %;nfotal length
Max land area 500« 500 v — Config B9/69 "3 x B, L2-configuration O Cast
Budial e | 5 . | 00 m T Spacing 100 [Hourly calculation]
50 . W0 m 4097 cases tried Round off values Best confige: 10612356 14053115132 177 18963
Borehale depth Salutiors found: 2871 [ &kso list cases with warnings
Number of bareholes = 2000 Analyzis started 10:36:55, stopped 10:39:20 time: 2m25:  Double click on row for details
Config Mobh Type Spacing [m] Depth [m]  Total length [m] Land area [m?] Length [m] Width [m] Comments  Cost [EUR] 2
123 13 5x5 U-configu... 100 284 3689 160000 400 400 Chosenf.. 0
106 13 3 x6 U-configu... 98 284 3689 96040 450 196 Detailed ... o
106 13 3 x6 U-configu... 99 284 3689 98010 455 198 Detailed ... o
106 13 3 x6 U-configu... 100 284 3689 100000 500 200 Detailed ... o
123 13 5x5 U-configu... 98 284 3689 153664 392 392 Detailed ... o
123 13 5x5 U-configu... 99 284 3689 156816 396 396 Detailed ... o
123 13 5x5 U-configu... 100 284 3689 160000 400 400 Detailed ... o
106 13 3 x6 U-configu... 95 284 3690 50250 475 180 Cheosenf.. 0
123 13 5x5 U-configu... 95 284 3690 144400 380 380 Chosenf.. 0
106 13 3 x6 U-configu... 95 284 3690 50250 475 190 Detailed ... o
106 13 3 x6 U-configu... 96 284 3690 92160 480 192 Detailed ... o
106 13 3 x6 U-configu... a7 284 3690 94050 485 194  Detailed ... o
123 13 5x5 U-configu... 95 284 3690 144400 380 380 Detailed ... o
123 13 5x5 U-configu... 96 284 3690 147456 384 384 Detailed ... o
123 13 5x5 U-configu... a7 284 3690 150544 388 388 Detailed ... o
106 13 3 x6 U-configu... 92 284 3691 84640 460 184 Detailed ... o
106 13 3 x6 U-configu... 93 284 3691 86450 465 186 Detailed ... o
106 13 3 x6 U-configu... 94 284 3691 88360 470 188 Detailed ... o

Note that the optimization is made for the last year that is assumed to be the worst one. However,
since it is possible to define (peak) hourly values for any year, the worst year might be another than
the last one. It is up to the user to run a case to see what year is worst if this is the case, and then use
that year as “Simulation period” for the optimization, see below.

Simulation period

Simulation period 25 years
First month of operation E

Show results after 1 YEArs

Floese |
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3.7 Exporting data

Hourly data (such as mean fluid temperatures, heat extraction rate, inlet/outlet fluid temperatures) can
be previewed and exported to e.g. Excel.

As an example, all data shown in the chart window below can be exported. Choose “Options/Use
hours” to label the x-axis in hours:

] Fluid temperatures - Ox
File Options
7 0
85 2 — Tf
f | IEYNRENEY T (@8-
o ] 4 @ — Tfin
&, B8 5 ﬁ' — Tf_out
5 )
@ === Heat extraction [Wim
5 45 g B ] [Wim]
o 35 12 g
=1 3 =]
E 25 14 I
] o
-~ 2 16 o=
@
2 s 18
: E
05 0 3
0 ﬂ d ﬂ 2=
-05 H A LI 24
50 000 100 000 150 000 200 000
Hours
Hourly simulation:
Configuration: 0 ("1 : singie”), D: 110 m
Fluid temperatures for last year: min: -0,7401°C max: 6,4185°C

Press Options/Edit chart to get to the editing menu. Choose “Data” for preview:

». Editing Chart1 0O X
Chart | Series | Data | Tools | Animations | Export | Print | Themes

- #Bas —Tf —Tf_in —Tf_out —Peakmax —Peakmin —Heat extr -
# Text ¥ ¥ Y Y Y Y ¥ ¥
0 0,634 0,801 0,967 24,306
1 0,612 0,78 0,445 24,308
2 0,559 0,767 0,432 24,306
3 0,59 0,757 0,422 24,306
s 0,582 0,749 0,415 24,306
5 0,576 0,743 0,408 24,306
6 0,57 0,738 0,403 24,308
7 0,586 0,733 0,398 24,306
8 0,561 0,729 0,394 24,306
9 0,558 0,725 0,39 24,306
10 0,554 0,722 0,387 24,306
i1 0,551 0,718 0,384 24,308
12 0,548 0,716 0,381 24,306
13 0,545 0,713 0,378 24,306
14 0,543 0,71 0,375 24,306
15 0,54 0,708 0,373 24,306
16 0,538 0,705 0,371 24,308

17 0,536 0,703 0,358 24,306 -

> » | Al = ¥y

| % |

Press the copy icon (at the lower left). Paste data into excel or other editor.

Another option is to use the "Export” tab, and ”Data” to export values. You can choose to export all
series, or just one. The example below shows Tf (mean fluid temperatures).
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+. Editing Chartl
Chart | Series | Data | Tools | Animations | Export | Print | Themes
Picture | Mative | Data
Series: Indude | Options | Format
Tf

Value Format:

Format:

Text Excel
@®

XML 150N

HTML Table OpenDocument

@ Preview

X TF
8750 0,634
8761 0,612
8752 0,599
8763 0,59
8754 0,582
8765 0,576
8785 0,57

save.. | | Send.. | | Preview...

Use the copy button to copy the text. Below it is pasted into Excel.

D16 - F3
A B C D E

1 (% Tf

2 |8760 0,634

3 8761 0,612

4 8762 0,599

5 |8763 0,59

6 |3764 0,582

7 8765 0,576

3 |3766 0,57

9 |8767 0,566

10 |8768 0,561

11 (8769 0,558

12 |8770 0,554

13 |8771 0,551

14 (8772 0,548

15 12 772 ns4s

Tip: If you only want to export data for the last year, e.g. the 25" year, change “Show results after 24
years:

Simulation period

Simulation period

First manth of operation

Show results after

l-'L Close
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[ Fluid temperatures

File Options

--- Heat extraction [W/m]

o @ @ e MO

[wipn] 931 uopoeXa JeaH

14
18
18

Fluid temperature [°C]

212 000 214000 216000 216 000
Hours

Hourly simutation:
Configuration: 0 (*1 : single”), D: 110m
Fiuid temperatures for last year: min. -0,7401°C max: 6,4185°C

3.8 EWT and LWT

The calculated resulting temperatures are the mean fluid temperatures (Tf) inside the pipe, at half of
the depth of the borehole. Typically in heating mode the Entering Water Temperature (EWT) (which
is the temperature out of the borehole into the heat pump) is about 1.5-2.0 °C higher, the return
temperature Leaving Water Temperature (LWT) the same value lower than the mean temperature.

In cooling mode, EWT is about 2 °C lower than the mean, return higher. This values depend upon
flow rate, but also borehole depth, pipe diameter, filling, shank spacing, etc.

For hourly calculations, EED presents a simplified calculation of Tf in (EWT) and Tf out (LWT) as

Tf in=T£-0.5*Q/(C*Vf)
Tf out=TF+0.5*Q/(CF*Vf)

where

Q: total effect [W]
Cf: Volumetric heat capacity [J/(m*,K)]
VT Flow [m?/s]
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4. Approximation for irregular configurations

[Updated in v4.14]

4.1 Introduction

EED v4 can approximate an irregular configuration with a regular one in order to calculate
corresponding fluid temperatures. A file with borehole configuration can be read and a list of best
matching regular configuration and borehole spacing B is presented (“Find all regular solutions”). See
example below for which an explanation will follow.

.-! Irregular configuration

Calculate F for file

| Find all regular solutions |

Plus/Minus num bh: ’_D

Config: 176
Spacing B: 7,851

Export to F2

Calculate F for config and B
Find spacing B for config

Clear text

— a x
File: |BH_cu:nDrdinates_xy.b(t | Format: [,y w
Finding =21l regular socluticns with 12 boreholes
Trying to match F-value for irregular config: 0,722
Choose solution with closest match for E: 00,5333
[TC=3,5 W/ (m-E) VHC=Z,1& MJI/ (m? -El]
Config B F iter dx dy E
11 12 = 1 x 12, line 5,13 a,7z2 B 56,43 a a
37 12 = 3 x 10, L-config 5,4188 a,7zz 7 48 77 10,838 0,2Z:2Z2
43 12 = 4 & 9, L-configu 5,65533 a,7zz 7 44 427 1&, &6 0,375
48 12 : 5 x B, L-configu 5,&451 a,722 7 35,544 2Z,5%¢ 00,5714
g2 12 : € ®x 7, L-configu 5,€383 a,722 7 34,15 2g,431 0,8332
&8 12 : 2 x 5, Li-config &,838¢ a,722 & 35,355 17,877 a.5
74 12 : 4 x 4, LiZ-config 95,0088 a,722 & 27,027 27,027 1
114 12 : 4 x 5, U-configu &, E83¢ a,7z2 & 20,081 2&,734 a,7s8
121 12 : & x 4, U-configu &,0872 a,7zz2 7 20,438 18,Zel 0,8
148 12 : 8 x 3, U-comnfigu §5,72&4 a,7zz2 7 40,085 11,452 0,Z857
185 12 : 10 nx 2, U-config 55,4004 a,7zz2 7 48,804 5,4004 00,1111
176 12 - 3 x 5, open rect 7,8515 0,722 & 20,808 15,3203 a,5
lge 12 : 4 x 4, cpen rect 7,4€13 0,722 & 22,384 ZI, 3284 1
237 12 : 2 = &, rectangle g2,40% 0,722 & 42, 045 8,403 o,z
283 12 : 3 x 4, rectangle %,65381 a,7zz 4 28,814 19,078 0,E6E67
Best matching config: §17&: "12 : 3 x 5, open rectangle™ B= 7,&8515
{Press button "Export to FZ" to export wvalues for config and B)

In the above example, the following configuration is read (example file “BH_coordinates xy.txt”):

j BH_coordinates_xy.tet - Anteckningar

Arkiv  Redigera

Format Visa Hjalp

7.50
2.50
2.50
7.50

10.
17.
15.
15.
22.
22.
20.
22.

(1]
58
20
20
50
50
20
50

25.00
17.50
10.00

5.00

4e.
37.
25.
18.
3@a.
21.
16.

2.

08
50
e
e
08
25
25
50

Format ’x,y”

The file shows data (x,y) for 8 boreholes.
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EED v4.4 now reads the values in the format of a “double” data type that normally has approximately
15 significant digits. This means that the modifications of coordinates is not necessary as written
below valid for v4.3 (and earlier versions) in green:

Important: Please note that EED reads the values in the format of a “single” data type that normally
has 7-8 significant digits and some data might be lost here (decimals).

Assume coordinates are
393606.08 5827825.6
393611.96 5827824.21

etc.

Then remove “3936" (or deduct 393600) from the first column, and “5827" (or deduct 5827000) in
the second one, you will get

606.08 825.6
611.96 824.21
etc.

The file can also be read in another format (used by SBM software, example file
“BH_coordinates SBM.txt”):

| BH_coordinates b - Anteckningar - O 'Y
Arkiv  Redigera Format Visa Hjélp

190.00 10.00 @.e0 @

7.50 25.00 8.00
190.00 10.00 8.00

2.58 17.50 9.00
190.0e6 10.00 @.e0

2.50 10.00 9.80
190.00 10.00 8.00

7.50 5.00 8.00
190.06 10.00 9.00

10.00 40.90 @.e0
190.00 10.00 9.80

17.5@ 37.50 @.e0
190.00 10.00 8.00

15.00 25.00 9.00
190.0e6 10.00 @.e0

15.00 10.00 9.80
190.00 10.00 @.e0

22.50 30.00 8.00
190.06 10.00 9.00

22.50 21.25 9.00
190.00 10.00 9.80

20.00 16.25 @.e0
190.00 10.00 8.00

22.50 2.50 9.00

| Format ”’SBM”

Pressing “Calculate F for file” shows data for the irregular configuration:
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@ irregular configuration - O *

Calculate F for file | File: ‘EH_cnﬂrd\nates_xy.D(t ‘ Format: |x,y w

Find all regular solutions

PlusMinus num bh: ’_D

Mumber of EH read: 12. dx:20 dy:37,5 K:0,5333 F: 0,722

Config: 176
Spacing B: 7,658
Export to F2

[ show iterations

Calculate F for config and B
Find spacing B for config

Clear text

i'L Close

K is the smallest value of dx/dy or dy/dx, e.g.
“Number of BH read: 12. dx:20 dy:37,5 K:0,5333 F: 0,722” gives K=20/37,5=0,5333.

F is a conservation value that should be the same for the original irregular config and the matching
regular config. Note that the F-value depends on the thermal conductivity and volumetric heat
capacity of the ground. These values are taken from the “Ground properties” window:

Ground properties *
Thermal conductivity 3,500 ? Wi(m-K)
Volumetric heat capadity 2,160 | 9 | MIjm3K)
Ground surface temperature 8,000 ? <

Wifm?
Geothermal heat flux 0,06000 ? b
I i'L Close I

A matching regular configuration with the same number of boreholes with spacing B is found when
the F-value matches the F-value for the irregular configuration.

The best matching configuration is then choosen looking at the nearest K-value (we want the land
area shape to match as good as possible). For the above example. The K-value for the irregular
configuration was 0,5333. The best matching regular configuration is “#176: "12 : 3 x 5, open
rectangle” with B=7,6582 since K is 0.5 (15,316/30,633=0,5), see first window in this section:

Config B F iter dx dy K
176 12:3 x 5, open rect 7,6515 0,722 6 30,606 15,303 0,5

Here, the difference of K is 0,5333-0,5=0,0333. The second best match (with difference 0,5714-
0,5=0,0381) would be #48:

48 12:5x8, L-configu 5,6491 0,722 7 39,544 22,596 0,5714
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® %

© @

@ ® @ & @
©

® OROBORORE

Original configuration Approximation: config #176: "12 : 3 x 5, open rectangle", B=7,66
dx=20 m dy=37,5m dx=30,6 m dy=15,3 m

Og @

The number of boreholes in the matching configuration should normally be the same as in the
irregular configuration. However, it is possible to allow (+/-) number of boreholes:

@ Irregular configuration — O s
Calculate F for file File: |BH_coordinates_xy. txt | Format: |x,y w
Find all regular solutions
Finding a1l regular soclutions with 11-13 boreholes
Flus Minus num bh: Trying to match F-value for irregular config: 0,722
Choose sclution with closest match for E: 0,5333
,71?6 [TC=3,5 W/({m-K) VHC=Z,le MJI/(m*-K)]
Config: Config B F  iter dx dy E
Spading B: 7,651 -1 x 11, line 5,13 0 8 58,43 0 0
Export ta F2 11 12 - 1 x 1Z, line 5,13 a B 58,43 [u] a
1z 13 - 1 x 13, line 5,13 a B 58,43 4] a
Z3 11 : Z x 10, L-config 5,84%4 O 7 50,844 5,84%4 00,1111
3¢ 11 : 3 x 9, L-configu §5,8304 O 7 48,643 11,861 0,25
Caloulate F for configand B | |27 12 : 2 x 10, L-config G5, 4188 [i} 7 45,77 10,838 0,2222
4z 11 : 4 x 8, L-configu 5,%733 0O 7 41,855 17,938 0,4288
Find spacing B for config 43 1% - 4 x 9, L-configu 5,5533 0O 7 44,427 1&,66 0,375
44 13 - 4 x 10, L-config 5,184 0 8 48,856 15,552 0,3333
Ty 47 11 : 5 x 7, i Q 7 36,445 24,237 0,8867
48 12 : 5 x 8, ] 7 39,544 22,536 0,5714
43 12 - 5 x 9, a, 7 42,213 21,11 a,s
51 11 & x &, [u] 7 30,532 30,532 1
sz 12 - & x 7, ] 7 25,431 0,8333
53 13 - 6 x &, ] 7 28,6875 00,7143
14 13 T 7, a 7 32,124 1
68 12 : 3 x 5, ] 5 17,877 0,5
T4 12 - 4 x 4, a 5 27,027 1
105 11 = 3 x 5, U i 6 30, 648 a,5
106 13 - 3 x &, U ] 5 34,7 0,4
114 12 : 4 x 5, U-configu &, ] g 28,734 0,75
12z 11 : 5 x 4, U-configu &, a, 5 20,018 0,75
123 13 : § x 5, U-confiqu &, o 7 24,08 1
131 12 : & x 4, U-configu &, a 7 18,261 0,6
128 11 : 7 x 2, U-configu &, i 7 12,411 0,2333
140 13 : 7 x 4, U-configu &, ] 7 18, 84% 0,5
145 12 : 8 x 3, U-configu 35, ] 7 11,455 00,2857
156 11 : 9 x 2, U-configu 5 Q 7 5,814% 0,125
157 13 : 3 x 3, U-configu 5 i} 7 10, &4z 0,25
les 12 10 x 2, U-config & a 7 5,4004 00,1111
17& 12 3 x 5, open rect 7 a [ 15,303 a,s
188 12 4 x 4, open rect 7, a g 22,384 1
237 1z Z x &, rectangle 8,403 a 5 8,403 a,z
283 12 : 3 x 4, zectangle 35,5381 O 4 13,076 0,8687
Best matching config: #176: "1Z2 - 2 x 5, open rectangle"™ B= 7, 66515
{Press button "Export to FZ" to export walues for config and B)
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“Export to F2”” will copy the values for configuration number and spacing B to window “Borehole
and heat exchanger” (F2).

It is possible to calculate F for any configuration and B, see below:

@ Irregular configuration — O it
Calculate F for file File: |BH_c00rdinates_xy.b(t |Format: |x,y [
Find all regular solutions
Plus/Minus numbh: | 0 Config E F dx dy E
114 114 12 : 4 x 5, U-configu & 0,8048 18 24 a,7s
Config:
Spacing B: 5,000

Export to F2

Calculate F for config and B

Find spacing B for config

Clear text

It is also possible to find spacing B for any configuration that will match the F-value taken from the
current file, see below:

@ Irregular configuration - O X

Calculate F for file File: |BH_coordinates_y, bt | Format:

Find all regular solutions

Flus/Minus num bh: I_D Config B F  iter dx dy 4
ot ST |114 12 - 4 x5, U-configu 66836 0,722 € 20,051 26,731 0,75
Spacing B: 5,684

Export to F2

Calculate F for config and B

Find spacing B for config

Clear text

4.2 Test of approximation, example 1

Consider the above example with an original irregular configuration of 12 boreholes that has been
analyzed using SBM (“Superposition borehole model”) described by “Eskilson, P, 1987. Thermal
analysis of heat extraction boreholes. Department of Mathematical Physics, PhD Thesis, (Lund
University.) Sweden”. We use depth=190 m for all boreholes and the following load for the example:
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L
==

Base load X
Base load (without DHW):
(®) Annual energy and monthly profile
) Monthly energy values
[hdeaih] Heat Cool Ground
Annual [ 200000 | 0000 | uUpdate
SPF I 200 I 200
[ pirect [] Direct
January 0.155 0.000 20,944
February 0148 0,000 20,01
March 0125 0,000 16.944
April 0,093 0,000 13478
May 0.064 0,000 .81
June 0,000 0,000 0.278
July 0,000 0,000 0.278
August 0,000 0,000 0.278
September 0,061 0,000 .41
October 0.0s7 0,000 11.878
November 0117 0,000 15,878
December 0144 0,000 13478
Sum: 1 0 136,67
Domestic hot water (DHW): W
Annual | 5000 wr| 30 §
[Mwh] Heat pump Ground Building E’
Heat:  200x1/3 + 2006243 = 200 g
[BE.EET) [133.33) ° -5
DHW:  Bx1/3 - B2/3 -5 =
[1,6667) (3.3333) o 17
Cool:  Ox1/3 + Dkds3 -0 'g
) (0 So S
o
Heat: Heat purnp Euilding % -20
E8333 == .. == 208 P
Ground 13667 :§' 25~
Cool: Heat purmp Building ‘a
==; == -
1] > Y < I
Ground 0 0
Heatextracted from ground: 133,33+3,3333-0=135,67
- .

5 8 10 12
Months

TEST_IRREGULAR_MANUAL DAT
Load extremes: max heat load. -28,69 kW

The results below shows that all approximations gives an error of less than about 0.1 °C compared

with the results for the original configuration.

(@ Drill projection - [m} X
File Options

@ Fluid temperatures
Eile Options

R ‘0 "I" p @ ﬁ| ﬁﬂ @ Horiz.Offset: 19 Vert Offset: -46

N Lo

ForzD: ®upz Ounzy Ozay

LE!
8.5

a,
754

t[years]

Irregular configuration and calculation (25 years) in SBM.

SBM EED

Tf min

Tf max | Tf min

Original irregular configuration (SBM)

1,39

5,62 -
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Regular approximation with “176 12 : 3 x 5, open rect” 7,65 1,33 5,55 1,35 5,57
Regular approximation with “11 12 : 1 x 12, line” 5,13 1,34 5,76 1,40 5,75
Regular approximation with “37 12 :3 x 10, L-config” 5,42 1,33 5,71 1,38 5,70
Regular approximation with “48 12 :5 x 8, L-configu” 5,65 1,38 5,69 1,39 5,68
Regular approximation with “68 12 :3 x 5, L2-config” 8,84 1,34 5,59 1,42 5,60
Regular approximation with “114 12 : 4 x 5, U-configu” 6,68 1,30 5,58 1,35 5,60
Regular approximation with “237 12 : 2 x 6, rectangle” 8,41 1,35 5,60 1,42 5,63

Fluid temperatures after 25 years.
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4.3 Test of approximation, example 2

For this example we use the following load, ground thermal conductivity and volumetric heat

capacity:
Base load *
Base load (without DHW):
(® Annual energy and monthly profile
() Monthly energy values
[Mafh] Heat Cool Ground
Annual 1000,000 0.000 Update
SPF 3.00 3.00
[ mirect [ mirect
January 0,155 0,000 10361
February 0148 0.000 98,944
March 0125 0,000 8361
fpri 0,099 0,000 £6.278 @ Hourly load profile - ] X
May 0,054 0,000 42,5944 ) )
June 0,000 0,000 0.278 Eile  Options
July 0,000 0,000 0278
August 0.000 0.000 0.278
September 0,061 0.000 40,944
October 0.087 0.000 58,278 [}
MNovember 0117 0,000 Ta.2rs 10
December | 0,144 0,000 56,278 = -
Sum: 1 0 &70 =, -0
Domestic hot water (DHW): g -30
Annual | 5.000 SPF | 3.00 © -40
S =0
[Mw'h] Heat pump Ground Building =
Heat: 1000x1/3  + 1000243 = 1000 -g -60
[333.33) [BEE.E7] a 70
DHW: 5143 + Bu2/3 -5 T -8
[1.6EE7] [3.3333) 2 80
Cool: w143 + Oudi3 =0 2
[ [ =
£ 0
et
Heat: Heat purnp Building g -120
335 ==» . == 1005 T 130
Ground  B70
-140
Cool: Heat pump Building
0 == f==
A 0 0,1 0.2 0.3 0.4 05 0.6 0,7 0,8 09 1
Ground 0 Years
TEST_IRREGULAR_MANUAL_EXAMPLE2 DAT
= Load extremes: max heat ioad: -141,9 KW
2 Graph Il close :
Ground properties *
Thermal conductivity 1,300 ? Wim+)
Volumetric heat capacity 1,600 ? M3{m3-K)
Ground surface temperature 6,700 ? &
2
Geothermal heat fiux 0,04000 ? i
j'L Close 1

48




The configuration with 78 boreholes (D=100 m) is as follows:

0 o

~ s
@& =2 a8 ®0 L)) [ 0e:)
(I | Clowpd [ a0 2] o

I Shuchre.

<
[DF_PROERT 206 M5 12608

0 4577.007 » 7545 925 BATATI A, STTRACZ 850

EH map
File Edit Layers Output Options

% +— Drillline . Ref point: +

Impart raw shm cunf\g| ‘ imp raw 5y | o) Get current

80

&
e © @©
1300 ® &
8 @ e 45 ® ®
]
& ® % v 5 @ @8
s B
@ ©® B @ 45 B 9 g
&
s & © @ B» @& & @ ®®®
@®@
@ @8 @ @& @ @ ® @& 6 ]
@@@
@ @ @ © ©® @® 9 @ @ @ ® &
@@@
=
|
w.op=[1.180)

[rn]
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I Find all regular solutions |

PlusMinus num bh: I 0

Finding all regular solutions with 78 boreholes
Trying to match F-value for irregular config: 00,1133
Choose solution with closest match for E: 0,485

@ Drill projection — O be ﬂ Fluid temperatures - O *
File Options File Options
% | 0 (%’ ;) E ﬁ| BB a Rotation: 354° Elevation: 283° R |0 (-}’ ;‘J E ﬁ‘ HH @
L T P
SR T A 8 RO TR NI RN I - O R
=
\ \ = L R
A / B
/ / / // H AN
“g 0 é 1 b 1‘5 2‘0 2‘5 Jb 3‘5 4‘0 4‘5 5‘0
For2n: @®wpz Oxzy Ozxy tlyears]
Irregular configuration and calculation (50 years) in SBM.
The matching regular configurations with 78 boreholes are:
Irregular configuration - O *
Calculate F for file File: |BH_coordinates_2_xy.b(t | Format: |x,y e

Calculate F for config and B | | (Press button "Export to FZ™

I—m [TC=1,3 W/(m-K) VHC=1,& MJ/(m® -K)]
Config: Config B F  iter dx dy 4
: . I 16,076 | T TTTTTTTTTmmTTTmTm o
Spadng B: ! 270 78 : 2 w 39, rectangl 13,327 0,1133 & 506,42 13,327 0,02&3
ExporttoF2 | |305 78 @ 3 x 26, rectangl 14,538 0,1134 & 373,45 25,876 0,08
430 78 : € x 13, rectangl 16,076 0,113%3 7  182,%2 80,382 0,41&7
Best matching config: £430: "78 : & x 13, rectangle™ B= 1,078

to export wvalues for config and B)

Find spacing B for config

Clear text

The best matching configuration 430 gives an error of about 0.4 °C compared with the results for the
original configuration using SBM. This case is a bit more difficult to approximate due to that the

configuration has two “groups”.

SBM EED
B Tf min | Tf max | Tf min | Tf max
Original irregular configuration (SBM) - -1,70 2,79 - -
Regular approximation with “270 78 : 2 x 39, rectangl” 13,3 -0,93 3,57 -0,82 3,74
Regular approximation with “305 78 : 3 x 26, rectangl” 14,94 -1,39 3,10 -1,22 3,35
Regular approximation with “430 78 : 6 x 13, rectangl” 5,42 -2,11 2,38 -1,82 2,73

Fluid temperatures after 50 years.
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5. Changeable user interface of EED

5.1 Introduction

The user interface of EED can now be “personalized” using different windows style themes. A style is
a collection of painting rules you can dynamically apply to an entire Windows application, changing
the size and appearance of various elements, the fonts, and the color scheme. One example of the
available styles is the so-called Modern UI (originally known as “Metro”).

Goto menu item Options/Themes to change current appearance:

Aqua Light Slate
Auric

Coral

Golden Graphite
Jet

Luna

Metropolis UL Black
Metropalis UI Blue
Metropolis UI Dark
Metropolis UI Green
Ruby Graphite

Smokey Quartz Kamri
Tablet Light
TabletDark

Windows

The default theme is “Windows””:

7 Earth Energy Designes 412 UNTITLED.DAT  License for Info@blocon.se - o x
e Inpt Costdeta Sobe Quiput Setings gfo bout

EED 4.12 - wew. bul1dingphysics. con - Ticense for Infodblocen. se =

Trpit F11a:UNTITLED, BA
This output file: UNTITLED.OUT Date: 2016-11-28 Time: 09:52:48

MERORY MOTES FOR PROJECT

a

quick FacTs
o

Miaber of boreholes B
Borehole depth 76,78 m
Toral borehale Tengeh 8w

bESIGN 0ATA

arowmo
Ground thernal canductivity 1.5 wimxy
Ground heat capacic 216 wo) (ax)
Ground surface Temperature e
Goathermal heat Flux 0,06 win:

THERMAL RESISTANCES

o o [°6]

Borehole thermal resistances are calculated.
Number ipales

e
Internal heat transfer between upward and dowmard channel(s) is eons

HEAT CARRIER FLUID

Thernal canductivity 0,48 w/tn-

SoeciFic heat capacicy S33 3/ekaky

1052 Kg/n®
o 03 o) T

Freczing poine i

Flow rare per borehola P oeptn {m]

£ 700 200 s 1000

BASE LOAD Vear: 25

oo Toad 5 wh
Calulated depth D: 76,78 m

anvual heating load (os excuded) 16,2 4w v
Anmial coating load % Ton: ¢ max: 52360°C
Seasana] performance Factor (D) 3
seasanal perfornance factor (heating) 3 M

« B

T Pk B a5 times 00172

Below are examples of a couple of other themes.
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ot dbee Chse Mo

w0 430 ~Ticere for nfosbl:
Zrgire 111,
THIS output File: .OUT Date; 2016-09-27 Tire: 13:33:42

" mes o smodECT

ek FacTs

Sorehale daptn
Toval Serarale lergth

BESIGN oaTa

aroun trereat comsuctivity 33 wimK)

Ground heat capac 2360 0 i 1)
Sotnd surtace tasparars e ¥ I
Gaotherna heat Thux 0,06 wee 1

283 (12 1 3 x 4 receangle

% hickners
s tharedt Sonduct ity
e Sk o

oo treres W'E..m."
202 Ferstance pipe/t

ive
i
1o
b
i

sorshale theran) ceststances wre calculates,
Nirber of a1t
Trcarnat bt tranctor bem

wpnard a0 domneae s chan1(s) 1 cors

AT CanaIeR FLUTD

mum Peat Casachey

<210 ot
Fiom eate’por borshare
s oo m we w0 _m o me  m =
e (m]
aroust oo 1 5 v
arruat :-;“wa o3t (o exclusen) 165 SR v,‘,__,,,,,

g 8.7k
saasona parfornance Tacter (o) o 1558 m

Sessoa) performirce facior (heitira)

Searonal parformance factor (coal irg.

o oot
i LIS s 485

e gt e 1
LRI, FAIOE 0, L0010

PP R I

Bt ey e 10 L
Fie lpt Cotdets Sehe Output St oAb Cloe M

[T ——
o

~Ticanse for irfosblocon.se

Time: 1334121

016-00

e s
S of borcholes 1
raore b tom
Soreats 108
o borerot Tengen o
bEsian paTa
wove

Ground thermal conductivity
Gronmd beat capacicy
G rface tamprratiee
Geathae s haat

somsrens

conttguracton:
m..?\‘m 4

u.«:m.r.,., v
D
e, O

THL RESISTANCES

torole shermal esistances are calculated,
N of m1tipoles
Trteeral heat tFansfer betueen upward and dsard channel(3) 13 coms

)

Thermal conauceute
Zpecitic maat capacity

ireezing poine
Flow rate per borenole

wase LoD

aevnad oo Toud
Aual Pasting 10ad (oo excluded)
Al cooting oad ) Mooty oo,
Sassonay partarasnce factor (o H bt 55352 3 et
Sadiona) perroreance facter (rescing) Hrrd el
Seasonal perforsance factar (cooling) 3 o o0 3332

wonthly energy profile (wh)
s

Aqua Light Slate

com = Vicerae for Infosolocon. 36

: 2016:09.27 Tiea: 13: 4123

ToeaT barenate Teegth i
orszen _oata
wouno
Ground theras] conductivity | L L [
Ground heay Capacity. U1t 5
G Yot et sture R i
Cootharaa hest 1ox

P

conttguratian:
Barenole depth

s o
THEAL RESTSTANCES o mcwors £ 00
forehale therma) resiatances are caleulated, o e

VAT cARRIER FLuTD

Thareal conductivity. 0,48 wnx)

Zpacific haae ey 3705 3/Cegx)
1052 Kg/mt
Peostey 0,0052 %9/(n-3)
Freering poire s
per baretole 25

Base 040
Anrual owe Tosd 3 ot
Abrual hasting oad (o excluded) 36,3 v
Areud) costing Tozé ot

Seasonal parformance factor (ome) 3
Seasond) perfermance factor (hetios)
Seasonal performance factor (cosling)

wonchly energy profile [Mah]

Metropolis Ul blue:

The theme is saved to file “Theme.txt” in folder “C:\Users\*username*\Documents\Blocon\EED v4
every time EED is closed.
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6. Faster hourly simulations

[Available in v4.14]

6.1 Introduction

Hourly simulations of borehole fluid temperatures are time consuming. There are several methods
reported in literature that decreases the calculation time by using so-called load aggregation schemes
that lump the hourly loads on a borehole heat exchanger into larger blocks of time in order to reduce
the number of operations needed. One example is shown in “A load-aggregation method to calculate
extraction temperatures of borehole heat exchangers” [1], see
http://publications.lib.chalmers.se/records/fulltext/163661/local_163661.pdf or
https://buildingphysics.com/download/local 163661.pdf

EED v4.14 uses a different approach that is very fast (and does not introduce an error as in the load
aggregation case). Solving 25 years of hourly fluid temperatures takes less than a second on a hi-end
CPU, and only a few seconds when solving for 100 years.

This impressive speed is due to the capabilities of modern CPU:s. The calculation of fluid
temperatures using the g-function is well suited for multiple CPU processing that performs the same
operation on multiple data points simultaneously. This method is sometimes called “single instruction,
multiple data” (SIMD), see e.g.

https://en.wikipedia.org/wiki/SIMD

Instead of using traditional (“serial”’) programming where floating point operations are performed on
an element in a vector one by one, modern CPU:s can make these calculations for the whole vector at
the same time. In addition to this, most modern computers have multiple cores that will accelerate the
calculation speed even further (roughly speaking; if we e.g. have a PC with 4 cores we can do
calculations for 4 different hours at the same time). The total speed gain is typically 10-150 times
higher compared to using conventional serial implementation. The higher number of cores, the faster
speed increase.

As described above, EED can use the CPU (“central processing unit”) for fast SIMD calculations. As
an alternative, EED can also use the GPU (“graphics processing unit”) to speed up calculations.
Architecturally, a CPU is composed of just a few cores that can handle a few software threads at a
time. In contrast, a GPU is composed of hundreds, or thousands, of cores that can handle thousands of
threads simultaneously. Also, the GPU achieves this acceleration while often being more power- and
cost-efficient than a CPU. The gain using a hi-end graphics card (GPU) might be 200-300 times. In
the benchmarks below, one example shows that it is possible to solve for 100 years in just 4 seconds
on a $300 graphics card (Radeon RX 480).

EED can uses GPU:s (and other devices) that are conformant with OpenCL, see
https://en.wikipedia.org/wiki/OpenCL

For OpenCL compliant devices (such as graphics cards), see
https://www.khronos.org/conformance/adopters/conformant-products#opencl

EED uses the CPU as the default choice since some graphics cards (GPU':s) are not compatible. It is
up to the user to test the GPU method.

References:

[1] Claesson, J, Javed, S, 2012. A load-aggregation method to calculate extraction temperatures of
borehole heat exchangers. ASHRAE Transactions, vol. 118(1), pp. 530-539.
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6.2 Options for calculations

Several options for hourly calculations can be chosen in EED (menu item Settings/Numerical options
for hourly calculations), see below. All options will give the same results, it is only the calculation
times that will differ.

"y Mumerical optiens for hourly computation >
Method:
() serial CPU

{®) Threaded parallell CPU (SIMD) [around 15-150 times faster]
() GPUJCPU (DpencL) [up to 200-300 times faster]

CPU detected:

Intel{R) Core{TM) i7-3770K CPU @ 3.50GHz
Number of cores: 4
Mumber of logical cores: &

The default (and recommended) method is “Threaded parallel CPU SIMD” which is 15-150 times
faster than “Serial CPU” (as used in previous versions EED v1.0-v4.13).

The “GPU/CPU (OpenCL)” method might be even faster but requires a modern graphics card with
sufficient memory, and OpenCL compliance. Calculations may work for e.g. 25 years, but not for e.g.
50 years or more due to too little memory and compatibility problems. This warning below is
displayed when this method is chosen.

EED X

OpenCL will work on most newer graphics card but might not been compatible with all cards.
If you get an error (such as memory out of resources), change to anocther method.
(The longer simulation pericd, the larger memory requirement.)

This error will be displayed if the calculation does not work on a specific graphics device:

EED X

e OpenCL: out of resources.
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6.3 Benchmarks for F9 (“Solve mean fluid temperatures”)

The tables below show calculation times (in seconds) for different PC:s for hourly analysis.

As an example, the calculation of hourly fluid temperatures for 100 years (Tfo..Tfs76000) only takes 5
seconds on a “High-end PC” from 2021 using “Threaded CPU SIMD”, and 2 seconds using the “GPU
OpenCL”. With the standard “serial” method it would take 733 seconds.

Below are descriptions for used PC:s.

Hi-end PC 2021 (price Dec-2021: 1500 USD)

CPU: 11th Gen Intel(R) Core(TM) i7-11700F @ 2.50GHz, 8 cores, 16 threads, released Q1-21
GPU: GeForce RTX 3070@ 1.50GHz, 8 GB RAM, 5888 cores, FP32: 20 TFLOPS

Hi-end PC 2016 (price Nov-2016: 3300 USD)

CPU: Intel 17-6900K@3.2GHz Broadwell-E, 8 cores, 16 threads
GPU: Radeon RX 480, 8 GB ram, 2304 cores, FP32: 5.8 TFLOPS
This is the PC used as a server for “EED on the WEB”, see
https://www.buildingphysics.com/manuals/  EEDONTHEWEB.pdf

Hi-end PC 2012

CPU: Intel i17-3770K, 4 cores, 8 threads, @3.5GHz Ivy Bridge
GPU: GeForce GTX 680, 2 GB ram, 1536 cores, FP32: 3.2 TFLOPS

Hi-end PC 2009

CPU: Intel Core 2 Duo P7450, 2 cores, @2.13GHz Penryn
GPU: Graphics card not compliant with OpenCL

Below are benchmarks for hourly calculations for EED v4.20. To repeat the cases just open EED and
use the default data. Open menu “Input/Hourly calculation” and check ”Solve for hours”. Change the
simulation time in menu “Simulation period”.

Hi-end PC 2021:
Simulation time = Serial CPU Threaded CPU SIMD  GPU OpenCL

10 years 6 sec. <1 sec. <1 sec.
25 44 <1 <1

50 180 2 1

100 733 5 2

Hi-end PC 2016:
Simulation time  Serial CPU Threaded CPU SIMD  GPU OpenCL

10 years 9 sec. <1 sec. <I sec.
25 61 <1 <1

50 244 3 3

100 966 6 4
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Hi-end PC 2012:
Simulation time = Serial CPU Threaded CPU SIMD = GPU OpenCL

10 years 10 sec. <1 sec. <1 sec.

25 64 2 <1

50 251 5 4

100 983 20 Not enough RAM

Hi-end PC 2009:
Simulation time  Serial CPU Threaded CPU SIMD  GPU OpenCL

10 years 15 sec. 2 sec. Not compatible
25 99 9 Not compatible
50 410 35 Not compatible
100 1681 278 Not compatible

In reference [1] above, the simulation time on an “Intel dual core 2.10 GHz processor” was 25
seconds for a simulation time of 20 years using a load aggregation method. Using “Threaded CPU
SIMD” on an Intel Core 2 Duo P7450 as comparison takes 6 seconds with EED v4.14. The “Serial
CPU” method takes 63 seconds.

It should be noted that the speed increase between e.g. “Threaded CPU SIMD” and “Serial CPU” is
higher for newer PC:s (due to newer SIMD options and higher number of cores), such as on 13/i5/17/i9
etc. CPU:s.

6.4 Benchmarks for F10 (“Solve required borehole length”)
For this calculation, the “Threaded CPU SIMD” will always be used unless “Serial CPU” is chosen.

Hi-end PC 2021:

Simulation time Serial CPU Threaded CPU SIMD GPU OpenCL
v4.20 v4.20
10 years 2 sec. 1 sec.
25 6 1 “Threaded CPU SIMD”
will be used for all calculations
50 11 2

100 22 6
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Hi-end PC 2012:

Simulation time Serial CPU Threaded CPU SIMD GPU OpenCL
v4.20 v4.20
10 years 4 sec. 2 sec.
25 8 3 “Threaded CPU SIMD”
will be used for all calculations
50 15 7
100 29 19

There will also be a speed increase by using parallel methods for “Solve required borehole length —
Optimization F11”. The example in section 3.6 now takes 147s on “Hi-end PC 2012 and 76s on “Hi-
end PC 2012”.

"5 Optimnization FINA_B1.DAT EED v4.20 — O s
File
l— l— Sart:

Config 0jf- £ Optimize Automatic grid step Step: 2 1 @ Totallength

Ma land area 500« 500 rF — Config E9/69 "3 x . L2-configuration” O Cost

el e | d - | L . pachs gﬂ . [BHOL’"L|r| C;a'lcu'a'ltgﬁn]'l 2356140653 115132177

. Fiound off values est configs:
Borehole depth 50 - 300 m 409?,03383 tried ] . .
,—1 =000 Solutions found: 2831 [ ke list cases with warnings

Mumber of borsholes Analysis started 10:44:18, stopped 10:46:45 time: 2m27s  Double click on row for details

Config Nobkh Type Spacing [m] Depth [m]  Tetal length [m] Land area [m?] Length [m] Width [m] Comments  Cost[EUR] "
123 13 5x 5 U-configu... 100 283,74 36886 160000 400 400 Chesenf.. 0

106 13 3 x 6 U-configu... 100 283,75 3688,8 100000 500 200 Detaied ... ]

123 13 5x5 U-configu... 99 283,76 36889 156816 396 356 Detailed ... o

123 13 Bx 5 U-configu... 100 28374 3688,6 160000 400 400 Detailed ... ]

106 13 3 x 6 U-configu... a7 283,83 36897 84080 485 184 Detailed ... ]

106 13 3 x6 U-configu... 98 2838 36854 96040 450 186 Detaied ... o

106 13 3x6 U-configu... 99 283,78 36891 98010 485 198 Detailed ... ]

123 13  5x5 U-configu... 96 283,84 36899 147456 384 384 Detaied ... ]

123 13 5x5 U-configu... a7 283,82 36896 150544 383 388 Detailed ... o

123 13 Bx 5 U-configu... 98 283,79 36893 153664 392 392  Detaied ... ]

106 13 3 x 6 U-configu... 95 283,88 36904 50250 475 180 Chosenf.. 0

123 13 5x5 U-configu... 95 283,87 36903 144400 380 380 Chosenf.. 0O

106 13 3 x6 U-configu... G4 283,91 36908 88360 470 188 Detailed ... 0 hd

Hi-end PC 2021:
Simulation time = Serial CPU Threaded CPU SIMD GPU OpenCL
v4.20 v4.20
25 years 208 sec. 76 sec. “Threaded CPU SIMD”

will be used for all calculations

Hi-end PC 2012:

Simulation time Serial CPU Threaded CPU SIMD GPU OpenCL
v4.20 v4.20
25 years 400 sec. 147 sec. “Threaded CPU SIMD”

will be used for all calculations
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7. Appendix A. List of new update features

For update info, see also section “Version update info” at
ahttps.//buildingphysics.com/eed-2/

Update 4.14 (Jan 4, 2017)

Faster hourly simulations. See Chapter 6.
Approximation for irregular configurations. Updated solver. See Chapter 4.

Copy images to clipboard

The old option “File/Copy to clipboard” in the charts for fluid temperatures and load profile copied
the chart image with data as an enhanced metafile (EMF). Using hourly values would result in a very
large image which could be hard (slow) to handle in e.g. Word.

Chart images can now be copied in bitmap format to clipboard via menu item “File/Copy to
clipboard...(Bitmap)”.

The old metafile option is still available as “File/Copy to clipboard...(EMF)” but there will be a
warning if there are many data values:

Confirm x

45%  There are 420480 values and the amount of data copied will be large. If you copy this image into e.g. Word there might be a problem with slow handling.
W' Consider instead to copy to BMP format. Do you really want to continue to copy image in EMF format?

Yes No

/> Fluid temperatures — O X
File  Options
Copy to clipboard...(BMP)
Copy to clipboard...(EMF)

Save to *WMF...
i i v — T
Print preview... 1§ O )
) = I~ — Tfin
Print Setup... 3 o I — Tfout
R 2- [¥ - Heat extraction [Wim]
Exit 10 &
-
w 4 28
5 35] =
o 3 i s
E 257 =
8 2 16 5
I 18 o
R g
o ! 0 o
05
[ 22 E
3
5 ARRRR RN )
5 10 15 20 25
Years

Hourly simutation: UNTITLED . DAT
Configuration: 0 ("1 : single”), D: 110 m
Fiuid temperatures for last year: min.: -0,7401°C max: 6,4185°C

Use copy to clipboard in bitmap format for smaller image size.
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Date format

Dates can now be written in short format in the xIs-style option, e.g. as for a German date type:
“1.9.2015 4 -18,6 0,0 0” (short format “m.d.yyyy h is now ok)
“01.09.2015 04 -18,6 0,0 0” (the standard long format “mm.dd.yyyy hh”)

Debug check box for hourly values

There is now a debug option (see below) that can be used if there is an error message when a load file
is used. A message window will show rows that are read from the load file. The last row will indicate
the error, see example below, when e.g. “Show chart with resulted load profile” is pressed, or when a
simulation is started.

> Hourly calculation (load profile) - m} X
Solve for hours
[[IMake hourly loads from monthly base loads Show chart with resulted load profile

[IMake hourly loads from monthly pesk loads
Read file(s) with hourly values (exchanging any values given by monthly base and peak loads)
[A Use same annual variation (values for the first year will be used for all years)

File load options:

Directory path: |C: UsergiThomas\Documents\Blocon \EED 4\ ‘

Path found File types possible:
(O A, Read file with net heat injection: (Click for help)
qtest. txt Open | OK 1| (2

(0 B. Read files with loads:

Heatr | -« | |Qtestixt Open | OK 1| [2
Cool: | v+ | gtestixt Open | COK 1| |2
DHws Lo | [atestoxt Open  OK 1) |2

(®) C. Read file with loads in xls-style:

| [MQa1 Hourly load.bxt Open | OK 3

You can enable/disable separate loads for options B and C:

Heat:

=2 Default date format: yyyy-MM-dd
Cool:

DHW: Help on date formats

Debug. Check this box if you get error in load file.

" Message window - O *
Clear
13.8.2016149 0.0 344.5 1] -
138.2016 20 0.0 279.0 1]
13.8.2016 21 0.0 203.8 0
EED X |[138.2016 22 0.0 1B5.5 0
138.2016 23 0.0 167.6 0
148.20160 0.0 167.0 1]
e 'Sx' is not a valid fleating peint value, 14.8.20161 oo 121.6 0
148.2016 2 0.0 90.2 1]
14.8.2016 3 0.0 /4.4 1]
148.2016 4 0.0 73.8 0
14.8.2016 bx [l
W
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Miscellaneous

o Fixed error “List index out of bounds” that sometimes occurred when clicking in the
configuration list.

e Values for heat extraction are now shown as zeros before first month of operation.

Update 4.15 (Jan 4, 2017)

Fix: Graph for fluid temperatures was sometimes not updated when hidden.

Update 4.16 (Feb 22, 2017)

- Fix: EED showed an error message when started on systems with decimal separator "."

- Fix: Last hourly value for temperature was sometimes zero using GPU-calculation

- New "pipe.txt" file: names such as "PE DN25 PN6" changed to "PE DN25 SDR-17"
PE DN45 SDR-17 added

Update 4.17 (March 1, 2017)

- EED v4 now always shows results from first year (0) for monthly simulations (same as in v3). The
option “Show results after x years” is now only valid for hourly simulations (in order to make these
calculations quicker). The default value has also been changed from “1” to “0”.

Simulation period >
Simulation period | 25 years
First month of operation 9

For hourly simulations:
Show results after | o YEGrs

j-'L Close

- EED v4 now shows output temperatures and heat extraction rates with a precision of three digits.
More digits can be chosen by checking “Show results with more digits” in the Settings menu.

Update 4.18 (April 13, 2017)

- Compatibility with Windows 10 “Creators update” added.

Earlier versions of EED will not start if your OS is updated to Windows 10 “Creators update”. There
is however a quick fix that will make old versions of EED run under this OS: Go to folder C:Program
Files (x86)BLOCONEED_v4.17, right-click “EED_v4 17.exe” and choose Properties. In the
Compatibility tab, change “Compatibility mode” to “Windows 7.

- New version of TurboActivate (4.0.9.6).
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Update 4.18b (April 21, 2017)

- For admins/superusers: It is now possible to silently install, uninstall, activate, and deactivate EED
using a command line in a batch-file, see
https://www.buildingphysics.com/download/silent_eed.pdf

Update 4.19 (May 23, 2017)

- Pipe thermal conductivity can now be larger than 100 W/(m-K), see menu “Borehole and heat
exchanger”.
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Update 4.20 (April 11, 2019)

- Improved accuracy for optimizations
The convergence for required fluid temperatures is now enhanced.

Example with monthly heat loads

As a typical way of using the optimization consider example in section 2.2 with an annual base load
value of 1000 MWh. The optimization for "Max land area” of 500x500 m? takes 8 seconds (on an
Intel 17 3770K @3.5Ghz CPU), see below.

"y Optimization UNTITLED.DAT EED v4.20 - m} x

Eile

Config I 0 a7 Optimize [ Autamatiz grid step Step: |_2 m %g[tT otal length

tax land area I 500w I 500 [ Corlig £9/69 "3 x 6, L2-configuration” O Cast

Baorehale spacing I 5. I 1w om Sipreli 1w )

Borshols depth = 0 m 409?.06393 ied ] Houn.d off value.s . Best configs: 10612356 14053 115132177
Salutions found: 2830 [ also list cases with warnings

Mumber of boreholes 1/ 2000 Analysiz started 12:18:31, stopped 12:18:39 time: 8s  Double click on row for details

Config Nobh Type Spacing [m]  Depth[m] Totallength[m]  Land area[w®  Length(m]  Width[m] Comments Cost[EUR] ~

123 13 5 x5 U-configu... 100 283,74 3688,6 160000 400 400 Chosenf.. 0

106 13 3 x 6 U-configu... 100 283,78 36888 100000 500 200 Detailed ... o

123 13 5 x5 U-configu... o9 283,76 36889 156816 396 396 Detalled.. 0

123 13 5 x5 U-configu... 100 283,74 3688,6 160000 400 400 Detaled... 0

106 13 3 x 6 U-configu... a7 283,83 36898 54050 485 184  Detailed ... o

106 13 3 x 6 U-configu... o8 2838 3689 .4 SE040 450 196 Detalled... 0

106 13 3 x 6 U-configu... 59 283,78 3689,1 58010 455 198 Detaled... 0

123 13 5 x5 U-configu... 96 283,84 36899 147456 384 384 Detailed ... o

123 13 b5 x 5 U-configu... a7 283,81 36896 150544 388 388 Detalled.. 0

123 13 5 x5 U-configu... 58 283,79 36893 153664 39z 392 Detaled... 0 v

Now double-click the first row. This will show the fluid temperatures.

"y Fluid temperatures — O e

File Options *Allyears Last year

o [T — Peakcoolload
g, [T — Peak heat load
S 6] WV —Tf
..E [T -+ Base max
= 4 [~ — Base min
o [T — Peak max
E [~ = Peak min
; o [~ - Heatextraction [W/m]
=
m Ak

-4

] 5 10 15 20 25
Years

Monthly simulation: UNTITLED. DAT
Configuration: 123 (13 : 5 x 5 U-configuration®), B: 100 m, D: 284 m
Fiuid temperatures for izst year: min: -9°C max: 8,18°C
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Press F10. This will again confirm the required borehole length:

'y Chart T(D)
File

Options

£ oo
Locolicole

Fluid temperature [

[ — Tmax
¥ — Tmin
[v == Tmax constraint
[+ == Tmin constraint
[v — Depth

400

600
Depth [m]

800 1000

Monthly simulation: UNTITLED.DAT

Year: 25
Configuration: 123 ("13 : 5 x 5 U-configuration”)
Spacing B: 100 m

Calculated depth D: 284 m

Tfmin: -5°C max: 8,18°C

The calculated length 284 m (or more exact 283,74 m which is the same value from the optimization

list) will be inserted in the menu below.

Borehole and heat exchanger
Borehole

Type

Config.
123 (™13 : 5 x 5, U-configuration™)
Depth

Spacing
Diameter
Contact resistance pipe/filing

Filing thermal conductivity

Single-U o
) [2]
[ 83,74 "
[ 100,00 ™
| 110,000 @ -
[ o,0000 M
[ o600 27| wim

Vol flaw rate Q:
(O for all boreholes (@) per borehole I 2,000 Ifs
Series factor (1=parallell): I 1 Qbh=0=2ljs
U-pipe
Outer diameter I 32,000 mm
wall thickness I 3,000 o
Thermal conductivity I 0,420 Wm)
Shank spacing I 70,000 mm
T Shank spacing
@
T »
=] =
L —
5 =
Copy to clipboard | | JL ciose
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Example with hourly heat loads

Go to menu item Input/Hourly calculation and check “Solve for hours”. The optimization now takes
2m30s, see below.

O Optimization UNTITLED.DAT EED v4.20 — O *

File

Canfig I 0jF- I 87 Dptimize ] &utomatic arid step Step: |_2 m %;rtT.otal length

Max land area I 500 I 500 [ Config E9/69 '3 w6, L2-configuration' O Cost

L p—— I 5 . I 00 m T Spacing 100 m [Howurly c:e.nlculation]

Barehole depth I 50 . 00 m 409?.33333 tried O Houn.d off value.s - Best configs: 106123 56 14053 115132177
Solutions found: 287 [ Alza list cazes with warnings

Mumber of boreholes I 1] I 2000 Analysis started 12:31:31, stopped 12:34:01 time: 2m30s  Double click on row for details

Config Mo bh Type Spacing [m] Depth [m]  Total length [m] Land area [m?] Length [m] Width [m] Comments  Cost[EUR] 2

123 13 5x5 U-configu... 100 283,74 3668,6 160000 400 400 Chosenf.. 0

106 13 3 x 6 U-configu... 100 283,75 3688.8 100000 500 200 Detailed ... o

123 13  5x 5 U-configu... 99 283,76 36889 156816 396 396 Detaled.. 0

123 13 5x 5 U-configu... 100 283,74 36886 160000 400 400 Detailed ... o

106 13 3 x 6 U-configu... a7 283,83 36897 84090 485 184 Detalled... 0

106 13 3 x 6 U-configu... 88 283,68 3689 4 56040 480 186 Detaled... 0

106 13 3 x 6 U-configu... 99 283,78 36891 58010 485 158 Detailed ... o

123 13  5x 5 U-configu... 96 283,84 36899 147458 384 384 Detaled... 0

123 13 5x 5 U-configu... g7 283,82 36896 160544 388 388 Detailed ... o

123 13  bx 5 U-configu... 98 283,79 36893 153664 352 352 Detalled... 0 W
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- Improvements for graphs for monthly calculations

Graphs similar to those presented in EED v3 has now been added to v4. There are also a few more
options/changes:

New legends added (base min/max, peak min/max)
Legend “peak max” changed to “peak cool load”
Legend “peak min” changed to “peak heat load”

See example below (input file at https://buildingphysics.com/download/input for graphs.dat):

% Fluid temperatures — [m| e

Eile Options *Allyears Lastyear

¥ — Peak cool load
[¥ — Peak heat load

W — T
[~ == Base max
16 [T — Base min
14] [T — Peak max
[~ — Peak min
[T - Heatextraction [Wim]
10
5]
a1

[} 2 4 5 8 10 12 14 18 13 20 22 24
Years

Fluid temperature [°C
3

Monthly simwation: INPUT_FOR_GRAPHS.DAT
Configuration: 330 ("16 . 4 x 4 rectangie”), B: 10m, D: 150 m
Fluid temperatures for last year: min: 0,74°C max: 21,3°C

1v4.20

7 Fluid tem peratures

File QOptions

W — T
¥ — Peak max
¥ — Peak min

[~ --- Heat extraction [Wim]

Fluid te

6

Monthly simuiation: INPUT_FOR_GRAPHS.DAT
Configuration: 330 (*16 - 4 x 4 rectangle”), B: 10m, D: 150 m
Fluid temperatures for last year: min. 0,74°C max: 21,3°C

1v4.19
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% Fluid temperatures — =] x

File QOptions *Allyears Last year

I~ — Peakcoolload
I~ — Peak heat load
V=T

i [V = Base max

o 18 [¥ — Base min

2 ¥ — Peak max

g - [T T - ¥ — Peak min .
SN ERUSRERHEREEREE RN R0 ——ll
S POV L e G A R

B R IR A T

[0]: JAN MOV JUN FEB JUL DEC JUL FEB JUL FEB JUL FEB JUL FEB JUL DEC JUL
Months

Monthly simulstion: INPUT_FOR_GRAPHS.DAT
Configuration: 330 (™16 : 4 x 4 rectangle”), B: 10m, D: 150 m
Fluid temperatures for lsst year: min: 0,.74°C max: 21,3°C

“Last year” can be chosen from the menu:

' Fluid temperatures — ] )

File Options Allyears *Lastyear

¥ — Peakcool load
[¥ — Peak heat load

' — Tf

[~ - Base max

[~ — Basemin

™ — Peak max

I~ — Peak min

[~ - Heat extraction [W/m]

Fluid temperature [°C
=

aui

T T T T T T T T T
24 24,1 242 243 244 245 245 247 243 249 25
Years

Monthly simulstion: INPUT_FOR_GRAPHS DAT
Configurstion: 330 (™16 - 4 x 4 rectangle”), B: 10 m, D- 150 m
Fluid temperatures for lsst year: min: 0,74°C max: 21, 3°C

There are new menu options:
Line thickness (1,2,3)
Text labels for months (for Tf monthly calculations)

7, Fluid tem peratures

File All years  “Last year
. Legends visible
Show grid

. Line thickness 1

Line thickness 2

Line thickness 3

Use years
Use months
Use days

Use hours

[%] Text abels for months (for Tf monthly calc

Fluiid tamnaratiira I°

Edit chart

Undo zoom

. Blue panel
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To get the picture below for file "input_for graphs.dat" (similar as in EED v3) do as follows:

Open the dat-file and solve (F9)
Press menu item "Last year"
Uncheck Options/Line mode stairs
Check Options/Show grid

Check Options/Line thickness 3
Check Options/Use months

Text labels for months is according to
Options/Text labels for months...

"y Fluid temperatures

File

Options  All years  *Last year

[¥ — Peak cool load
[¥ — Peak heat load
¥ —Tf

[~ =~ Base max

LT [ S S S A S S [~ — Basemin
L L L N L L S — [~ — Peak max

[~ — Peak min
L5 [ St S S S R i i

[~ == Heat extraction [W/m]

Fluid temperature [°

[24]: JAMN FEE  MAR  APR MAY NOV  DEC  JAN

Monthly simulstion: INPUT_FOR_GRAPHS.DAT
Configuration: 330 ("16 - 4 x 4 rectangle”), B: 10m, D: 150 m
Fluid termperatures for lzst year: min: 0,74°C max: 21,3°C

1v4.20

Here is the EED v3 graph:

! Fluid temperature chart

File Options

¥ =—— Peak cool load
¥ —— Peak heat load
¥ —— Fluid temperature

T
FEB

T T T T
MAR  APR MAY  JUN

Year 25

T
JuL

T T
Al SEP

Note. The labels for months are for some languages currently set to 1,2,3... The labels for months is
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defined in file “Lang_out ***.txt” where *** is the language (e.g. “Lang_out ger.txt” for German).
This file is located in folder ““...\Documents\Blocon\EED 4\Languages”. Below is an example how to
change the labels in German.

You can edit the labels in this file using Notepad directly:

| Lang_out_ger.bxt - Anteckningar  — O Pt

Arkiv Redigera Format Visa Hjalp

&

1

2

Eingabedatei

Diese Ausgabedatei
Datum

Uhrzeit

Anmerkungen zum Projekt

il el T L= ¥ ) I O WU (S =

Lang_out_ger.txt opened in Notepad

It is also possible to edit the file in EED. Go to menu item “EED Settings/Language”:

Set Language X

English
Arahic
Basque
Bulgarian
Catalan
ChineseSimp
Czech
Danish
Dutch

E stonian
Farsi
Finnizh
French
Greek
Hebrew
Hungarian
talian
Japanese
K.orean
Latwian
Lithuarian
Palish
Fortuguese
R amanian
Russian
Serbian [Serbian Latin)
Crillic: [Serbian Cyrillic)
Slovene
Swk Slovak
Spanizh
Swedish
Turkish
Vigthamese

Edit/add languages
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Press button “Edit/add language™:
d

Sprache/Language

Hilfe
Language setting:
(0 Use default initial language [E nglish]
(®) Usze language files below

Menu text:
File: LANG_MEMI_GER.TXT

Change Edit Clear Create
Input text:
File: LANG_IM_GER.TxT

Change Edit Clear Create
Olutput text:
File: LANG_OUT_GER.THT

Change Clear Create
Chart editar:

German el

Farsi ~

Finnish

French (German)

Galician

Greek ~

Get latest language files [Buildingphysics. com

1-'|_ Ubernehmen

Press button “Edit” for Lang_out ger.txt.

% Edit left hand side: LANG_OUT_GER.TXT  (see reference at right hand side: LANG_OUT_ENG.TXT)

File Font <Update>
1 A JRN
2 FEB
Micz | MAR
4 LIR
5 MAY
€ JUN
7 JUL
g ATTE
] 3EP
1a oCT
11 jujeiny
1z DEC
Eingabedatei Input file
Diese Rusgabedatei This output file
Datum Date
Uhrzeit Time
Anmerkungen zum Projekt MEMORY MOTES FOR PROJECT
EINGZABEDARTEHN { PLEANUTNG) DESIGHN ODARTAR
UNTERERUHD EROUND
Warmeleitfihigkeit des Erdreichs Ground thermal conductivity
Spez. Warmekapazitidt des Erdreichs Ground heat capacity
Mittl. Temperatur d. Erdoberflache GFround surface temperature
Geothermischer Warmefluss Geothermal heat flux
ECOHRUNG UND ERDWARMESONLDE ¥] BOREHOLE
< > <

This will give the following picture:
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\"y Graphik der Fluidtemperaturen — O >

Datei Optionen  Allyears “Last year

¥ — Spitzenlast Kiihlen
[¥ — Spitzenlast Heizen
¥ —Tf

[~ =~ Max. bei Grundlast

3 6] [~ — Min. bei Grundlast
] 1 l \ [~ — Max. bei Spitzenlast
2 = , \ [~ — Min. bei Spitzenlast
E » [~ == Heat extraction [W/m]
7]
= /
@ 10
£
E. 8 \\
=]
= ———
[
¢ \ /
2
\V4
[24]:1 2 Mirz 4 5 [ 7 8 9 10 11 12 1
Manths
Monthly simulation: INPUT_FOR_GRAPHS.DAT
Sondenanordnung 330 (16 : 4 x 4 rectangie”), B: 10m , D: 150 m
Fluid temperatures for last year: min: 0,74°C max: 21,3°C
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- Directory path for load files set to current working directory by default

If the directory path for file load options is empty the current working directory will now be used. In
the example below the working directory is “C:\Users\Thomas\Documents\Blocon\EED 4\”.

"y Hourly calculation (load profile) - O *
Solve for hours
[IMake hourly loads from monthly base loads Show chart with resulted load profile

[IMake hourly loads from monthly peak loads
Read file(s) with hourly values {(exchanging any values given by monthly base and peak loads)

Use same annual variation (values for the first year will be used for all years)
File load options:

Directory path: || |

Path:C:\UsersiThomas\Documents'Blocon\EED 4
File types possible:
(O A, Read file with net heat injection: (Click for help)

EED_4_OFFICE-L-hourly-oads. txt Open | OK il [z

(@) B. Read files with loads:

Heat S |EED_4_OFFICE-L-hourIy Joads. txt | Open | OK M=
Cool: | " | bt | Open | File not found 1] [2
orw: Lo | [Bt | [ open | Fie not found 1 [z
(J)C. Read file with loads in xls-style:

s, bet Open | OK z

‘fou can enable/disable separate loads for options B and C:

2:::::: Default date format: yyyy-aM-dd
pHwW: [ Help on date formats

[Jpebug. Check this box if you get error in load file.

In version 4.19 (and earlier) the absolute path had to be given. If the input file was used on another
system with a different working directory it would be a problem to find the load file(s) and a new path
had to be given.

It is also possible to use a relative path. All load files could e.g. be in the same folder
“\Documents\Blocon\EED 4\TestLoadFolder” se below.

" Hourly calculation (load profile) - O >
Salve for hours
[IMake hourly loads from monthly base loads Show chart with resulted load profile

[IMake hourly loads from monthly peak loads

Read file(s) with hourly values (exchanging any values given by monthly base and peak loads)

Use same annual variation (values for the first year will be used for all years)
File load options:

Directory path: |Testl_oadFoIder| |

Path:C:\UsergThomas\Documents\Blocon\EED 4'TestLoadFoldery
File types possible:

(_) A. Read file with net heat injection: (Click for help)

EED_4 COFFICE--hourlyHoads. tit Open | OK 1| |2

The working folder is given in “properties” (right-click start menu item of EED), see below.
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s » Egenskaper for EED 4,19 x

Sakerhet Information Tidigare versioner
Almant Genvag Kompatibilitet
0.
! EED 4.19
2Ly
Typ: Program
Plats: EED_v4.15
Mal: |es (x86)\BLOCON\EED_vA.15"EED_v4_19.exe" |
Startai: | “\Users\ Thomas\Documents\BLOCON\EED 2" |
Kortkommando: |Inget |
Kari: Normatt fénster ~
Kemmentar: | |
Oppna filsokvag Byt ikon... Avancerat...

Avbryt Verkstal

Ps. If you change the working directory (“Start in”) make sure you copy all essential files (such as
gfunc4.eed and .txt-files) and folder “Languages” to the new directory.

- Unicode format for load files added

Older versions of EED could sometimes not read load files saved in Unicode or UTF-8 format (these
files had to be saved in ANSI to be read). Unicode and UTF-8 format are now also supported.

- Floating network license option added

An annual subscription for multiple users with floating licenses is now offered, see
https://www.buildingphysics.com/download/floatinglicenses.pdf
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Update 4.3 (March 27, 2024)

The license manager has been updated with many performance improvements.

EED now install gfunc4.eed (and some other files) to the common folder
C:\Users\Public\Documents\BLOCON\EED 4 by default so that the files can be shared by
different users. See also Section 1.3 “Installation”.

Modern design for the open/save file dialog.
New version for setup program.

Data for flow rate, and for values given in mm, are now saved with three decimals (e.g.
0,234), earlier it was saved with two decimals (0,23).

Update 4.4 (May 23, 2026)

The license manager has been updated with many performance improvements.

EED v4.4 now reads the values for the irregular configuration borehole coordinates in the
format of a “double” data type that normally has approximately 15 significant digits.
Earlier versions uses a “single” data type that normally has 7-8 significant digits and some
data might be lost here (decimals). This means that the modifications of coordinates is not
necessary as written on p. 42.

Small bug fix: The message: "No solution found! Depth not changed." should only show
up if the options "solve required borehole length" (F10/F11) is used and the data do not
allow for a possible solution within the temperature range stated (F12). This was always
displayed if there is a laminar warning, for F9 solving as well as for F10/F11. So, the
warning

“No solution found! Depth not changed.”

is now corrected for cases with non-turbulent flow to this (with an example value of Re):

* Flow is not turbulent: Re=1981
* Performance might be better with higher
* flow rate and turbulent flow.

New versions of Turboactive.exe and Turboactive.dll (v5.0, the older version was 4.4) that
will easier solve the network adapters error that occurred on some systems.

Background info to network adapters error:

The TurboActivate "Network Adapter" error occurs because the license manager cannot detect or
access an active network card to generate your computer's unique hardware ID. It is usually triggered
by disabled network devices, outdated drivers, or restrictive antivirus/firewall software blocking the

activation.

If you still have this problem try the following steps, which are ordered from the easiest to the most

thorough:
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1. Make sure that “TurboActivate.exe” and” “TurboActivate.dll” located in “C:\Program Files
(x86)\BLOCON\EED v4.4” have v5 (and not v4). Right-click the files and check properties.

2. What is the result if you open a Windows Powershell window and type “Get-NetAdapter”?
Do you get any errors? In that case your system is not configurated correctly and you should
try to remove the adapters that are “Not present”.

3. Enable Your Network Adapters
The licensing system requires at least one network adapter (either Ethernet or Wi-Fi) to be
enabled, even if you are not currently connected to the internet:
a) Press the Windows Key + R, type ncpa.cpl, and hit Enter.
b) Right-click your network connections and ensure they are Enabled (if they are grayed out,
click Enable).

4. Run as EED as administrator
Sometimes, third-party software requires elevated permissions to temporarily access network
devices:
a) Right-click EED.
b) Select Run as administrator.
c¢) Attempt to activate the product again.

5. Temporarily Disable Antivirus/Firewalls
Overly protective security software or third-party firewalls can block background hardware
identification checks:
a) Pause or temporarily disable your antivirus or firewall.
b) Try activating EED again.
c) If it works, add EED and the licensing service (“TurboActivate.exe”) to your antivirus's
exclusion list.

6. Reinstall Network Drivers
Corrupted or outdated network drivers can cause the hardware signature to fail:
a) Right-click the Start button and open Device Manager.
b) Expand Network adapters.
c¢) Right-click your network card and select Uninstall device.
d) Restart your computer; Windows will automatically reinstall the driver.

7. Is WMI Repository corrupt?

Some users reported that they got the “Disabled network adopters” error, but it was resolved
by fixing corrupt WMI.

Update 4.41 (June 6, 2026)

e Small bug fix for rare error “Too many requests” that happened on a few machines upon
activation.
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