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Why we need maps of shallow geothermal potential ?

« The aim of producing geothermal maps is to provide cartographic image for a
certain area, showing thermal properties of bedrocks

« Geothermal maps are used for evaluation of location suitability: opportunities as
well as barriers and restrictions in developing shallow geothermal energy systems,
especially ground source heat pumps (GSHP)

« Geothermal maps may serve as a decision making or auditing tool, which allow
proper assessment of renewable energy sources at local and regional scale

* Geothermal maps can be used by local authorities, planners as well as business
sector (producers and installers of GSHP) and individual investors
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Basic types of shallow geothermal potential maps

TYPE 1

- general maps based on reprocessed geological and hydrogeological data indicating
gualitative / descriptive categorizing of subsurface rocks

- Type 1 qualitative maps may present:

- terrain with perfect / good / poor or bad rock properties and showing places
with existing restrictions or exclusions considering use of GSHP,

- terrains suitable for installation of different type of GSHP, eg. for ,open”
(water/water) systems, and ,closed” systems (glycol/water) with
differentiation into ,horizontal collectors” and ,vertical probes / heat
exchangers”
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Basic types of shallow geothermal potential maps

TYPE 2

detailed maps of geothermal potential, presenting guantitative estimation of the
thermal parameters of rocks, usually to a max. depth of c. 130 m

the maps allow planning the amount of power and technical requirements of the
GSHP, especially for the pumps with vertical heat exchanger

TYPE 2 quantitative maps can be divided into:

« maps based on the value of thermal conductivity of rocks expressed in W/ m*K

« maps based on the value of heat extraction rate expressed in W/ m

« maps based on the value of thermal power expressed in kWh / m
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Why we need shallow geothermal energy:
because in numerous part of Europe the air is very polluted by smog
emitted from individual heating installations using coal !!!

We can clean the air
when old heating systems
are replaced by renewable energy sources like
GROUND SOURCE HEAT PUMPS
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Examples of TYPE 1 qualitative geothermal maps
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Land Saar: simplified map showing site assessment for installation of GSHP
without specified conditions of classification
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Land RheinePfalz: map of site assessment for installation of GSHP with specified
legal requirements and hydrogeological conditions
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Land Hessen: Map of site assessment for installation of GSHP based on hydrogeology

and water management conditions
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Standortbeurteilung fiir die Errichtung von Erdwarmesonden in Hessen

(Bearbeitungsstand: 08. Méarz 2012)

Bearbeitung: Dezernat W4 - Hydrogeologie, Grundwasser
Ansprechpartner: Dr. Sven Rumohr

favorable

Hydrogeologisch und wasserwirtschaftlich giinstig

Gebiete mit mittlerer bis geringer Wasserdurchlassigkeit, ohne eine wesentliche Stockwerkstrennung und ohne Vor-
kommen von héher mineralisierten Grundwassern bzw. COz-Aufstiegszonen bei gleichzeitiger Lage auBerhalb von
Wasser- und Heilquellenschutzgebieten.

Hydrogeologisch ungiinstig

Gebiete mit nennenswerten Grund! -, Mineral - oder Heil vorkommen, die durch eine Grundwasser-
liberdeckung geschiitzt werden. Ungiinstig sind auch Gebiete mit hoher Wasserdurchlassigkeit der Gesteine, einer
wesentlichen, d.h. weitrdumigen Stockwerkstrennung, mit Aufstiegszonen von CO2 oder hoch mineralisierten Wasser
oder mit artesisch gespannten Grundwasservorkommen sowie Tiefengrundwasserleiter (insbesondere im Festgestein),
die nicht angefahren oder durchteuft werden sollten. Ungiinstig sind zudem Gebiete mit quellfahigen Gesteinen, wie
Anhydrit und bestimmten Tonen.

Wasserwirtschaftlich relevant (siehe Wichtiger Hinweis)

Gebiete in den Zonen WSG I1IB und HQSG I11/2.

relevant

Wasserwirtschaftlich ungiinstig (siehe Wichtiger Hinweis)
Gebiete in den Zonen WSG Ill und IIIA sowie HQSG IlI, I1/1 und B.

Hydrogeologisch unzuldssig

Gebiete, in denen aufgrund ungiinstiger hydrogeologischer Gegebenheiten (s. 0.) und nach bereits erfolgten Einzel-
fallpriifungen davon ausgegangen wird, dass die Errichtung von Erdwarmesonden in jedem Fall zu einer schadlichen
Beeinflussung des Grundwassers fiihrt.

Wasserwirtschaftlich unzulassig

Gebiete in den Zonen WSG |, Il und vereinzelt IlIA sowie HQSG |, Il und A.
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Land Lower Saxony: map of site assessment for installation of GSHP
based on hydrogeology and water management conditions
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Land Bavaria: Map of location suitability for installation of different systems of GSHP
based on geology, hydrogeology and water management conditions
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Land Brandenburg: map of site assessment for installation of GSHP with horizontal
collectors based on hydrogeology and geothermal conditions of soil
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Examples of TYPE 2 quantitative geothermal maps
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Land Mecklenburg-Vorpommern: map of geothermal potential based on geological 3D

model and calculated values of heat extraction rate [\W/m],

for depths of 40, 60, 80 and 100m; for 1800 and 2400 h per year of GSHP work time
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Land Rhine - North Westfalia: map of geothermal potential based on geological 3D
model and calculated values of power extraction rate [kK\WWh/m],
for depths of 40, 60, 80 and 100m; for 1800 or 2400 h per year of GSHP work time
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Land Rhine-North Westfalia: Map of site assessment for installation of GSHP based
on thermal properties of rocks shown as classes (not real values)
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Land Saxony: map of geothermal potential based on geological 3D model and
calculated values on heat extraction rate [\W/m],
for depths of 40, 70, 100 and 130m; 1800 and 2400 h per year of GSHP work time

Navigieren || Auswahl | [Messen gab Azeuge | | Weitere... Ansicht | MaBstab 1: |
G &M >l = @y _® - [<Freie Ansicht> ¥ | 50,000 ¥
Legende i | A G
Themenbaum a

~ t Ubersicht (einfach) A

Geothermische Karte
icht GTKSO

Geothermieatlas verfigbar
= [#] ~ Entzugsleistung in Watt pro Meter fir 1300 Betriebsstunden - bis 40m Bohrtisfe

M < <00
I 40.0-425
[ a25-450

I 45,0-475
475500 values
50,0 - 52,5

— el in W/m
W sso-575
W s75-¢0.0

W >=¢0.0

@ [] ~ Entzugsleistung in Watt pro Meter fir 1800 Betriebsstunden - bis 70m Bohrtiefe

M <400

I 40,0-425

- 42,5 - 45,0
il Work time of GSHP
o in h/ per year

W ss.0-57.5
W s7.5-¢0.0

W -0

@ [[] ~ Entzugsleistung in Watt pro Meter fiir 1800 Betriebsstunden - bis 100m Bohrtiefe
@ [[] - Entzugsleistung in Watt pro Meter fiir 1800 Betriebsstunden - bis 130m Bohrtiefe
@ [] - Entzugsleistung in Watt pro Meter fiir 2400 Betriebsstunden - bis 40m Bohrtiefe
@ [] + Entzugsleistung in Watt pro Meter fiir 2400 Betriebsstunden - bis 70m Bohrtiefe
@ [] ~ Entzugsleistung in Watt pro Meter fiir 2400 Betriebsstunden - bis 100m Bohrtiefe
@ [] + Entzugsleistung in Watt pro Meter fiir 2400 Betriebsstunden - bis 130m Bohrtiefe

® [[] - Geologische Ubersichtskarte

@ [] + Geologische Aufschliisse

@ [[] ~ Oberflichennahe Rohstoffe

@ d lodische Ubasi

iil;ersicht (detailiert)
Luftbilder (farbig)
[ + Luftbilder (grau)

°E Modus wechseln

Panstwowy Instytut Geologiczny
Panstwowy Instytut Badawczy




Land Lower Saxony: map of geothermal potential based on geological data from
boreholes and calculated values on heat extraction rate [\W/m],

for depths of 40, 60, 80 and 100m; 1800 h per year of GSHP work time
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Land Bawaria: map of geothermal potential based on geological 3D model and
calculated values of thermal conductivity of rocks [W/m*K], for depth of 100m
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ThermoMap project: map for estimation of the very Shallow Geothermal Potential
(vSGP) in terms of heat conductivity [W/m*K],

of unconsolidated underground up to 10m
ThermOMap  Tasmesrsencs [ o oo e

1 ©Q vs6P selection window X
[ European Outline Map = Test Areas

1. Select ThermoMap country (Outline Map detail): Aviléso Gi,i,°“

Oviedo™ 2
0,

S A Corufia .
oS

2. Select Info tool: @ vSGP © Report © Expert et
Infobox Info Sdtisgasie
(,ornphnstela
3. Click on the map to get the vSGP Infobox and the vSGP Bl
Calculator for the specified point (from a scale of 1:3M)
|

Lugo
o

Ponferrada

European Outline Map —! Map legend ! Pont%vedra' e
Vi o

P hermotin Heat conductivity 05
A% W= 12wWmK

[¥] Heat conductivity Pl 11 12WimK
4 Limitations

o 1.0- 1.1 WimK

Limited usage 50 _
o Climate data 0 09- 1.0WimK
1> Background parameters M =< 0.9WimK

[“Ino estimation

=
Mr%gona

Jix
< Salou

&
&
&
a®
‘}\0
| Paima
Magaluf
Sant Antopi E
de P(xa
iza
(7

Notice: This map covers
the whole of Europe

Scale =1:3M
itomereRs
e it L SR
Google; 100 20 bios3 Mustaghanam
g - - . Gibraltar " olas ; S Contact person
Dane do Mapy ©2015 GeoBasis-DE/BKG (€2009). Google. Inst. Geogr. Nacional Tannar 0126 Al . S ; 11 By e

i 1) Pasistwowy Instytust Badanwzy

|
|
\




Qualitative geothermal maps — Project Transgeotherm
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Title: TransGeoTherm — Geothermal energy for transboundary development of
the Neisse region. Pilot project

PN Unia Europejska. Europejski Fundusz Rozwoju
S N P L x X Regionalnego: Inwestujemy w waszg przysztos¢/
2007-2013 S Europdische Union. Europaischer Fonds fir

regionale Entwicklung: Investition in Ihre Zukunft

Co-operation of two partners:

Polish Geological Institute — National Research Institute, Lower Silesian Branch:

Wiestaw Kozdrdj, Maciej Ktonowski, Adam Mydfowski, Urszula Domanska, Matgorzata Ziotkowska-Kozdréj,
Janusz Badura, Bogustaw Przybylski, Dorota Russ, Karol Zawistowski, Pawet Karamanski, Dariusz Czerski

Project partner: Sachsisches Landesamt fur Umwelt, Landwirtschaft und Geologie, Abteilung Geologie:

LANDESAMT FUR UMWELT,
LANDWIRTSCHAFT
UND GEOLOGIE

Mg Frcistaat Ottomar Krentz, Karina Hofmann, Peter Riedel, Silke Reinhardt, Mario Breitschneider

& SACHSEN

Project is co-financed from the EU financial sources within the framework of the
Operational Programme for Transboundary Co-operation Poland-Saxony 2007-2013

* project life time: 01.10.2012 — 31.12.2014

Contact: transgeotherm@paqi.gov.pl www.transgeotherm.eu
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Project TransGeoTherm covers area of ca 1 000 km?
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How the geothermal maps are produced?
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Geothermal maps of the project TransGeoTherm are based on innovative and advanced technology
of analysis and interpretation of geological and hydrogeological data, thermal properties of rocks and
preparation of a 3D numerical model.

All data are analysed, combined and interpreted following specifically established methodology

I Input data l I Spreading borders I
; ; Hydrological Matching of
general data to the
Data preparation, actualisation, legende neighboring
update, acquisition of data map sheets
Cadification of layers Hydrogeological structural model
according the (first version):
hydrogeological general *principle profile
Correction legend *geological cross section
of
mistakes Validate (==> dynamic) data:
“Top and base of the Model
* *Thickness of the bodies
*Point data (validated outcrops)
*Area data (spreading borders)

Construction of HGE units (3D-Modelling)
Result: Spatial data of HGE (*Solids")

“virtual interpolation points gEx%rts experiance)

Examination of
geological -hydrogeological plausibility of the whole model:

*Stratification of the boreholes correct?

*Spreading borders correct?

*Attributes of the bodies correct?

*Number of interpolation points and their position correct?
*All in accordance with the principle profile?

*Are all geological-genetic relations correct?

YES

Generation and use of the point raster for modeling
- Generation of a shapefile with 25 x 25 m model points

I

Data transformation:
Transformation of the geometrical properties of the 3D- objects (Solids) in a regular point
raster of 25 m




The core of the data base consists of : selected 5146 borehole logs + 5168 virtual
boreholes, with lithological profiles grouped into 75 hydrogeological — geothermal
(HGE) units
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Lokalizacja terenu badan projektu TransGeoTherm 3 D
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Boreholes with codified lithologies (in accordance with HGE list) and several
geological cross-sections are used as a leading reference to construct a 3D numerical
model processed by the GOCAD software,
down to 200 meters depth (locally down to 340 m)
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At the end of the Gocad modelling procedure the raster data sets of the top, bottom
and thickness of every HGE unit is calculated from the 3D geological model with a
grid-size of 25 by 25 metres.
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Based on the geothermal properties

of the rocks and their groundwater

content a specific value of
geothermal conductivity (A) is

allocated to each lithological layer
(=petrographic rock type) at every

borehole

Example of borehole log
divided and coded into differen

HGK bodies 1

assignment Adry,

on petrography

i depth-weighted mean Adry,
AHOsaturated depending  av,osaturztec on each borehole
within hydrogeol. spread (solid’

HGE 5 siit 1'm Adry: AH,Osat.: Adry: AH,0sat.:
| 0,0 WimK 1,8WimK | 09WmK 1,8WmK
|
Adry: AH,Osat.:
QISERON sand 15m | | 0 4 WimK 2,4 Wim-K
| Adry: AH,Osat.:
I —— 0,4 Wim-K 2,0 WimK
4 Adry: AH,Osat.:
sand, M ] 0,4 Wim-K 1,8 Wim-K
gravelly
| hal
shale, Adry: AH,Osat.:
HGE 21 1,5m :
i weathered 0,5 Wim-K 1.7 Wim'K Adry: AH,Osat.;
| 1,8 Wim-K 2,0 Wim-K
shale, Adry: AH,Osat.:
HGE 21\ hse Am o o wimK 2,1 wimK
Panstwowy Instytust Geologescny

Pasistwowy Instytust Badawcy

-~

— — — Grundwasseroberflache

1,5 W/(m*K

||

Modellschichtenfolge 2

Modellschichtenfolge 1

Result: for every section of a borehole, belonging to a
certain HGE unit of the 3D geological model, a depth-
weighted mean A value is calculated.

Output: two-grid datasets of thermal conductivity (for
dry and H,0 saturated rocks) for every HGE unit




Calculation of geothermal grids using specially designed GIS-Extension

8 Berechnung IE Geothermie 3

]

Eingangsdaten

Auzwahl einer Shapedatei nach GIS-Yerschneidung [z. B. 'c:stemphinput.zhp']

i G:%Ab 04ProjektehGeathermiet TransGeaTherm\GISAGTERD_EARIMNANMIutputoutput. 2l

L auzgewahlter D atenzate: 10 hydrogesologizche Karper im Eingangsdatenzatz.

select generated output_shape

Bwsmwahlen f_

Eingabewerte

select features:
- Annual operation hours of heat pump: 1800 h or 2400 h

Mutzungzstunden:

1800 | {F

- Depth levels: 40 m, 70 m, 100 m, 130 m

Teufenbereich:

fioo 7] gl

Auzgabewert: P Entzug in wm {~ P Entzug in % fiir T eufenbersich

* Lambdaert
select output option

Auzgabeverzeichnis

G:%Ab D4ProjektehGeothermiet TransGeaT herm \GISNGTEEBD_KARIMANIutput,

Auzwahlen |

Berechnungsstatus
Zeit: 13 Sec.

Output:

Berechhung der Geothermiebens beendet |
Hinweiz: Berechnung erfolgte ohne Fehler

Schliezzen

8 Maps of geothermal mean heat extraction rate [W/m] -2
4 depth-intervalls x 2 annual operation hours (1800 and 2400)

Panstwowy Instytut Geologecony
Panstwowy Instytist Badanwzy

Q::‘_// Wi pal.aas pl

4 Map of mean thermal conductivity [W/m-K] 2>
Lambda-distribution for 4 depth-intervalls



Results : 12 geothermal maps, including:

8 Maps of mean heat extraction rate in W/m aMap of mean therr&
“professional version”
ﬁr 1800 annual operation\ 62400 annual operation\
hours of heat pump hours of heat pump
(only for heating) (heating + hot water)
[ 0-40m ] [ 0-40m ] [ 0-40m ]
[ 0-70m ] [ 0-70m ] [ 0-70m ]
[ 0-100 m ] [ 0-100 m ] [ 0-100 m ]
Q 0-130m ]J K[ 0-130m ]/ [ 0-130m ]




Example of geothermal maps available to download as .pdf files from project website

www.transgeotherm.eu
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Geothermal maps are also available on-line via internet application of PGI-NRI

www.transgeotherm.eu

==n & en
— p— gy
f‘): == ner

¥ Geothermal geclogy

» -'Heat extraction value in watts per
meter (1800h) [W/m]

> Heat extraction value in watts per
meter (2400h) [W/m])
¥ average value of thermal conductivity |
of rocks in watts per meter and kelvin
[W/m*K]

¥ avg value of thermal conductivity of |
rocks (40m) |
|
[

avg value of thermal conductivity of
rocks (70m)
avg value of thermal conductivity of .
rocks (100m) “
\
|

avg value of thermal conductivity of
rocks (130m)
(

v Reference data
> Physiogeographic regions
» empty
> Administrative divisions -
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- <0,3
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How to use geothermal maps?
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How to use geothermal maps of the “public version”

Calculation of borehole number & depths for heat pump installation

Example: one family house,

12 kW power demand,
only for heating

Legend:
heat extraction in watts per meter [W/m] at a depth of 0-40 meters and

Depth intervall: 0-40 meters “ 1800 annual operation hours of a geothermal heat pump

,0-425

,5-45,0

0-475 | X [40m | = | 1800 ...1900 W
,5-50,0

,0-525 @
,5-55,0

0 578 1,8 ... 1,9 kW

,9 - 60,0 '
12 kW+1,8 kW = 6,6
n Result:

7 boreholes of 40 m deep

Source: Karina Hofmann (LfULG)



How to use geothermal maps of the “public version”

Calculation of borehole number & depths for heat pump installation

Example: one family house, Legend:
12 kW power demand, heat extraction in watts per meter [W/m] at a depth of 0-40 meters and

] 1800 annual operation hours of a geothermal heat pump
only for heating

Bl <0
_ \\ I ]400-425
Sy | l425-450
s‘\ 1 | |450-475

== | |475-500

Depth mtervall 0-130 meters

50.0-525 | X 1130 m 6500 ... 6825 W

| |s525-550
[ |s50-575 @
B 57,5-60,0

e —J 6.5 ... 6,8 KW

4

12 kW=+6,5 kW = 1,8

r\ Result:

2 boreholes of 130 m deep

TR Pmmw
)

Source: Karina Hofmann (LfULG)



How to use geothermal maps of the “professional version”

Legend:

mean thermal conductivity
~inW/m-K

" for depth intervall 0-40 m

Legend:
mean thermal conductivity
in W/m-K
w  for depth intervall 0-130 m

A w W/m-K

Jp N  Pastaowy Instytut Genlogicony
\ @ Pasistwowy Instytut Badanwczy
N wwwapalgov.pl Source: Karina Hofmann (LfULG)




How to use geothermal maps of the “professional version”

Variant: planned borehole of 130 m depth - with mean value of 1 =21 W/m-K

Correct valuation of ground heat pump installation for 25 years of exploatation
using Earth Energy Designer EED sofware

Other data are necessary !l :

Technical specification of the heat
pump

Monthly energy power demand
Technical parameters of heat pump

exchanger and plumbing materials of

borehole

Location data:

Mean annual temperature

Thermal capacity of rocks

Thermal conductivity A of
basement rocks

Palmylnstyht(;enlnglzw
Badawczy

W pal.aav,pl

=Iolx|

Grundlast [Wivh]

Ubergangswiderst.
WWarmeleitfahigkeit der Verfiillung

Untergrundeigenschaften
Warmeleitfahigkeit I 2,100 7
Spez. Warmekapazitit (vol.) I 1,600 ‘?
Mitt. Temperatur a.d. Erdoberflache I 8,200 ‘?
Geothermischer Warmefluss I 0,06000 ?
fL Cbernehmen

Wi(mK)
MI({m=-K)
=C

Wim?2

x|

Source: Karina Hofmann (LfULG)

22 ("4: 2 x 3, L-configuration’
Tiefe

Sondenabstand
Bohrdurchmesser

. Rohr Verfiilun

imwalzvolumen pro Bohrung Q:
" fiir alle Bohrungen (% pro Bol

22 [
2 130,0 m
g | mm
g 0,0000 -

hrung 2,000 Ifs

& ) T Qbh=Q=2lfs
- U-Rch
Aufiendurchmess 32,000
Wandstarke 3,000
WWarmeleitfahigkeit 0,420 WmK)
ﬂﬂﬂﬂﬂﬂﬂﬂﬂ bstand 70,000 m
U-Fiohi-Mittenabstand
T & l -
= T :
g = -
\\ J [
In die Zwischenablage kopiere! | ﬁgmMmﬂ




Thank you very much for your attention
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