SEU

ICAL | FOR
'ICE | EUROPE
High Quality Subsurface Data
& Expert Knowledge
for EU Energy Policy Makers
& Industry

07/03/2024

Francesco Pizzocolo -TNO

Julie Hollis — EGS

[
2P
< Energy Reinvented
Community
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There is a Critical Need for
High-Quality Subsurface Data!




. EU Energy Consumption by Sector

Transport
28%

Households
67%

Buildings
42%

Other end uses
1%

Public services
33%

Space cooling
<1%

Lighting and
appliances
15%

Industry Electricity

26%
Derived heat
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I Fossil fuels
57%

Renewable
energy sources
24%

Space and
water heating
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. Decarbonizing Heating & Cooling
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PLATE 19

* Reducing Environmental Risks
* Reducing Public/Private Investment Costs
* Improving Air Quality




There is a Critical Need for
High-Quality Subsurface Data!

building
a high quality database,
standardised vocabulary,

shared principles and
open framework -

@ CGSEU

AVICE EUROPE



Europe’s groundwater — a key resource under pressure

. Why a Geological Service for Europe? Europe’s groundwater — a
key resource under

DIESSUIE e enrines 34
FINANCIAL TIMES .

.. We Have An Energy Storage
EU sounds alarm on critical || pyoblem

raw materials shortages
THE WALL STREET JOURNAL.

HEARD ON THE STREET

Critical-Mineral Diplomacy Needs to
tigh | — : 100% Focus on Supply, Not Demand

esgranee
«*"""Cost

U.S. and EU talk of collaborating to ensure energy security in the

x & -
2 . 8 renewable age. A bigger priority should be strengthening trade links Europe at RlSk Of Losin the thluum Race
b ! ) THE WORLD BANK o with big mining nations. P g
3] /i 5 (] Without lithium, copper are earths, o obile pho electri and wind turbin
C_i 7, :: .2.- uldn't function. Cu e are almost exc ely dependent on China for the ritical
9 « raw materials. But ther
[ S e
: ¥ H KAGHMEPINH
Maderate 50% 5

) H EE. ypaxver otnv EAAGSa kpioipeg
TPOTEG UAEC

EnapécMytines - Kace i g vl i B *ﬁlﬂl NE Semi-conducteurs : la prochaine crise viendra-t-
. , ..... : PLRTARENNE

oyt elle de 1'accés aux métaux stratégiques ?

% s g g8 5 8 .°%°8 % La falta de materias primas y la competencia de
SETL AR EREE EE S % EE UU amenazan la produccion europea de
SN 2 N & baterias
Bankability _ui v




guindwater — a key resource under pressure

@ groundwater — a

keVy fesource under

. Why a Geological Service for Europe?

pressu re European Environment Agency % ,:5
FINANCIAL TIMES

L. @ ave An Energy Storage
ounds.alarm on critical |yrdblem
st THE WALL STREET JOURNAL

Crlt;(;:l Mineral Diplomacy Needs to
_;é b 1 ANK g l Europe a Risk of Losmg the Lithium Race
i o B ¥ H KAGHMEPINH

elle de l'acces aux métaux stratégiques ?

Ppaxver otnv EAAada xpioipeg
/ UAEC
‘/ [ —————— u‘ Semi-conducteurs : la prochaine crise viendra-t-
' S - - -

% s g g8 5 8 .°%°8 /3 La falta de materias primas y la competencia de
SETL AR EREE EE S % EE UU amenazan la produccion europea de
SN 2 N = baterias
Bankability _ui 7




irea

Pan-European problems requ
pan-EU efforts and solutions!




eureporter

Preventing groundwater and surface waters
Pesticide sales by inhabitant in Europe |]0“uti0|‘| i“ the EU

c EU Groundwater Pollution

Kilograms per capita of pesticide sold in Europe in 2020.

: _14
| euronews.green

Swiss drinking water is contaminated with
‘forever chemicals’ research shows

Eruslsels closes German nitrate pollution case after decade-long
ussle

of drinkable EU water
comes from the subsurface
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EU Groundwater Quality Patterns and Trend Identification
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Groundwater Quality Monitoring Points

Nitrates trend analysis based on
state-of-the-art machine learning
aided techniques and geostatistical
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Anthropogenic groundwater
facies at certain location
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Pan-European problems require a
pan-EU efforts and solutions!
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Raw materials

() Groundwater t‘ J
Resources
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. European Green Deal

Approved in 2020, the European Green Deal
is the EU's blueprint for climate neutrality
by 2050.

It involves reviewing existing laws on their
climate merits and introducing legislation on
circular economy, Dbuilding renovation,
biodiversity, farming, and innovation.

The goal is to achieve net-zero greenhouse
gas emissions by 2050, with a focus on
decarbonizing the energy system.




. Green Deal Policy & Earth Systems are Interconnected

INSPIRE Directive Geological Framework Setup European Data Strategy

Critical Raw Materials
The Critical Raw )
Materials Act

Renewable Energy Directive
Coastal vulnerability &

Windfarm siting
Marine Strategy

Water Framework Directive e 1 ¥ REPower EU
Groundwater Resources

Groundwater Directive GeoEnergy Resources

Industrial Carbon Management Strategy
Net Zero Industry Act

Floods Directive
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é From Geological Data to Policy & Society Support

INTEROPERABLE GEOLOGICAL DATA

3D GEOLOGICAL FRAMEWORK

Energy
Minerals
Ground water
Climate
Build environment

IMPACTS & PROTECTION

DECISION SUPPORT INFORMATION
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https://www.europe-geology.eu/

The European Geological Data Infrastructure (EGDI)

TOOLS FOR SEARCHING AND SHOWING DATA

€& Q v @ B8

Map Viewer Data Search Document Vocabularies Multilingual Metadata Catalog
Repository Keyword
Thesaurus
A v & © & A
= VvV °
Basic Geology Marine Geology Mineral GeoEnergy Water Geochemistry Earth
Resources Resources Observations

and GeoHazards

Data search

You are here: Home [ Tools for searching and shawing data / Data Search

Allows users to discover and access available datasets, view their metadata and select, display and download subsets of elements from multiple datasets, Datasets that
do not contain in their metadata or their data exactly the terms the user typed in the search can be found because semantically similar words from the Thesaurus are

incorporated in the search.

Type your search text

https://www.europe-geoloqy.eu/

Map Services and

Layers

i3]

Urban Geology

(#) Language: English (en) =

= Gotolocation Q "

« EGDI - All maps g

EGDI %y

This map shows available data products registered in
EGDI.

[ ® Zoom | /Aea | ZPath  NNoth
- >

lceland

+ Base layers

Layers Layer search... Q

+ Basic Geology
+ Marine Geology

+ Mineral Resources .

Heland | Unlted Kingdom

+ Earth Observation - Geohazards
+ GeoEnergy
+ Geochemistry

+ Groundwater

+ Geophysics
+ Boreholes

+ Geographical topics

vetugal Spain

+ Search EGDI metadata catalogue

+Add your own data (WMS)
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https://www.europe-geology.eu/

HOW TO BUILD A
MINIMUM VIABLE PRODUCT

Source: https://inflectiv.co/2022/03/31/mvp-minimum-viable-product/


https://inflectiv.co/2022/03/31/mvp-minimum-viable-product/

GOAL - Collect Data to:

- Improve Usability & Clarity
- Simplify the System

- Extend Users Groups

—> Tailor Results Visualization




Users Test — Results

EGOI home page
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TOOLS FOR SEARCHING AND SHOWING DATA
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SCIEMTIFIC THEMES

Scroll map

Click map




é The (new) European Geological Data Infrastructure (EGDI)

Iy
ai»
Nu”

EGDI %y Map Viewer  Data Search  GetInvolved  About Us

Welcome toithe V//A il

European GeologicalData Infrastructure. LT ENILL LR

a collaborative initiative aimed at facilitating the sharing, integration, and accessibility of.geclogical information.across Europe.

EN~

Display and explore datasets grouped by theme on an interactive map. Find and access the datasets you need using different search criteria. T h e n eW p I ath rm
e N will be launched in
More Info | More Inhfo ] . .
Vienna on April 17

About EGDI
1038 16 68 18

Data layers Contributing projects Team members Geological Surveys involved
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. And the Improvements Never Stop [g

1

 New Users Test with industry, academia and EC stakeholders in Q3 '24.
Do you want to join? Get in touch...

« EU university tour (Rome, Madrid, Utrecht,
Ljubljana, Copenhagen, Warsaw, Belgrade,
...) to collect feedbacks and let the future
geoscientists discover and use EGDI




a EGDI’s Impact

« Enhanced Decision Support: the development of EGDI as a knowledge infrastructure ensures that
decision-makers, policymakers, citizens and industry stakeholders have access to comprehensive
and up-to-date geological information, enhancing their ability to make informed decisions related to
resource management, environmental protection, and urban planning.

- FAIR Data Principles: promotes openness and accessibility of geological data and ensures that data
can be easily found, accessed, and used by researchers, policymakers, and the public.

- Stakeholder Involvement: the involvement of key European stakeholders ensures that the
infrastructure meets the needs of a diverse range of users.

* Influence on National Levels: influence national levels by addressing requirements and ensuring

FAIR and open access to subsurface data. This influence extends beyond the European level,
iImpacting national geological data policies and practices.

EUROPE




Areas of Expertise

EU
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Raw Materials




Bathymetry
om 8000 m

. Re-Evaluate EU’s On- & Offshore CRMs o

Ll
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Commodity Deposit size

& Barite (BaS0.)

Cobalt (metal)

Copper (metal)

Manganese (metal)
Phosphorous

Rare Earth Elements (REE;0s)
Titanium (metal)

Tungsten (WOs)

Aluminium (metal )
Antimony (meta) || Class A (super-large)
Arsenic [ ] Class B (large)

Barite (EaSO,) Tl Class C (medium)
Beryllium (BeQ)

Bismuth (metal)

Borate (B,0s)

Cobalt (metal)

Coking coal

Copper (metal)

Feldspar

Fluorite (CaF2)

Gallium (metal)

Germanium (metal)

Graphite

Hafnium (metal)

Lithium {metal)

Magnesite, Magnesium (MgCQ,)
Manganese (metal)
Nickel (metal)
Niobium (Nb2Os)
Phosphorous
Phosphate (P20s)
Platinum, platinoids group Mmetal
Rare Earth Elements (REE0)
Scandium (metal) & A
Strontium
Tantalum (Ta;0s)
Titanium (metal)
Vanadium (metal)
Tungsten (WO;)

" B & > @ @

Size

Occurrence
(The deposit size, potentially medium to large,
depend on the size of the assocated

https://www.geologicalservice.eu/upload/content/1495/crm_map 2023 v6 hg3.pdf https://www.geologicalservice.eu/upload/content/1496/crm _map_offshore 2024 v3.pdf



https://www.geologicalservice.eu/upload/content/1495/crm_map_2023_v6_hq3.pdf
https://www.geologicalservice.eu/upload/content/1496/crm_map_offshore_2024_v3.pdf

' Favourability Maps

These maps are created using a combination of
geological data, survey information, and (sometimes)
remote sensing data to evaluate the likelihood or
favourability of specific minerals in various regions.
The process involves analysing several factors:

» Geological Settings

* Geochemical Data

» Geophysical Data

* Remote Sensing

» Historical Mining Data

All maps will be presented
during a hybrid event

F i

“h""'-‘.’.’;:.'_'.'_'.'"_'.I'.I:l'fl'_':. =

=

Cobalt favourability

[ ] veytow
N o
: Medium
] Hn
- Very High

Cell size of 5km x Skm. DBA

scoring wiith Random Forest
Classification, neighbouring

search of 10km. Only known

deposits are used to produce

this favorabilit map.

Data sources are:

- the FRAME project database on
deposits of energy critical elements;

- the 1/1 500 000 geological synthesis
of Europe (Billa et al., 2008); lithologies
of Tertiary and Quaternary ages have
been excluded.
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Resources




' Groundwater Quality & Quantity

« EGDI - All maps o
SvaRard (NO)
ifuse pollution from agriculture EGDI %y
causing poor chemical status in
groundwater bodies in the EU-27
Il Groundwater bodies in en[n..; shows available data products registered in

poor chemical status

| Nodata + Base layers

| Outside coverage Layers o search Q

+ Basic Gealogy
« Manmo Geciogy

* Mnoral Resowoes

« Earth Observation - Geohazards
/ « GecErergy
* Geochemisty

= Groundwaler

- Quantity

¢ Recharge

~ Groundwater Resources (1]
Water exploitation index plus (WEl+)
in European river sub-basins, Volumes and deptns of prime Eurcpaan
summer 2015 aquiters
P
ercentage Y ° &
] 510
. 020 Map type
B 203 Groundwater slorage v s

. o Subtype -
-
B Sub river basin without data [ <0 1 k3 per 10510 ke cok
No data
] Outside coverage [ 1-5 xm3 por 10x10 km cat
510 km3 per 10x10 kem cell
[ 1030 ken3 per 10x10 ken celt
[ >20 k3 por 10x10 km oot

1+ km3 per 10x10 ke cell

The Pan-EU grouncwater re
information sbout

prime aquifecs in the
participating surveys. Subselectio
pofacies types, geclogical age

can be
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‘ Coastal Vulnerability & Climate Change

oy e }
i PR
L o
5. Pan-European analysis of relative sea-level
/ : changes in Europe considering VGMs based
g 3 on ftrends retrieved from the European
N ., Ground Motion Service (EGMS).
et *:ﬁ

[ 1 uplift (> 2mmiyr)

|:| Stable (-2 to 2 mm/yr

o
,). P u\
e o - Subsidence (<-2 mm/yr)

4\, Example in N-Adriatic

.




. Offshore Windfarm Foundations Constrains

Impact

Area affected (%)




Geological
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What is it about & Why is it Important?

]
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Metadata Framework for Data

SC|ent|f|§: Harmonization
Vocabularies

Harmonized data will be the basis for creating a spatial data infrastructure that is:

« Efficient

« Failure-free

« Understandable
« Unambiguous

« (Consistent




. Implementation of Lithotectonic Units to IGME 5000

Lithotectonic units provide context for mineral® and hydrogeological provinces?, and geo energy potentialq.

1 Regions of the crust that are characterized by a concentration of specific types of minerals or mineral deposits.
2 Regions characterized by specific hydrological and geological conditions that influence the distribution, movement, and availability of groundwater.
3 Regions characterized by particular geological formations and subsurface processes that give them high potential for geo energy applications exploitation.







E— , Shallow
Geothermal

Pan-EU Atlas of Geoenergy Resources

\_th\/ _,‘ 3 TR 7
5 )} N Yot I
% \*&F
S S :
S, % Assessment Unit Type
ccs s
/ Hydrocarbon Daughter Unit
’ Storage Units T(°C)
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Hurtig et al,, 1992 2.000 km A




. A Sustainable Use of the Subsurface for the Built Environment

- Brussels

= Limitation of use
[J Contaminated sites
[J Groundwater pratection
[J Natural reserves
[J Other groundwater use

[J Shallow geothermal energy system

- Resources for closed loop systems
[ Average interval bulk thermal conductivity
O Land surface temperature

- Resources for open loop systems

[J Extent of confined artesian and subartesian
aquifers

[J Groundwater body suitable for open-loop
system

- GeoEnergy
+ Carbon Capture & Storage

- Geothermal
[ Geothermal wells (DARLINGe)
[ Geothermal plants (PERFORM)

[ Subsurface potentials of the Alpine Foreland
Basins (GeoMol)

- Urban Shallow (MUSE)
+ Aarhus

+ Bratislava

+ Brussels

+ Cardiff

+ Cork

+ Girona

+ Linkoping
+ Ljubljana
+ Prague
+\ienna

+ Warsaw
+ Zagreb

+ Zaragoza

+ Hydrocarbon

« EGDI - All maps & | = Gomwiocasor a A+

EGDI %y

This map shows svalable data products regstensd in
EGDI

+ Base layers

Layers

GSEU

GEOLOGICAL | FOR
SERVICE EUROPE




' Shallow Geothermal for Urban Environments: Limitation of Use — Brussels

~ Contaminated sites

M contaminated site
M potentially contaminated site

43

EGDI %y

No restrictions to the use of shallow
geothermal energy

use of

B cectvermas seray
for

. ;oﬁumuﬂ:.mmy use

~ Other groundwater use
o exploitation

@ drinking water supply

@ observation

® Other

© no information available



. Shallow Geothermal for Urban Environments: Limitation of Use — Brussels

EGDI ;4.

v Contaminated sites

B contaminated site
B potentially contaminated site

v Groundwater protection

No restrictions to the use of shallow
geothermal energy

Potentially restricted use of shallow
geothermal energy

Protected area unsuitable for shallow
geothermal energy use

~ Other groundwater use
o exploitation
@ drinking water supply

@ observation

® Other

© no information available

j‘> Overlap different layers to
get the complete picture

&g EU
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. Shallow Geothermal for Urban Environments: Limitation of Use - Bratislava

EGDI %y

|
~ Critical chemical composition of groundwater Hydraullc productlvlty (lls)

lack of chemical analysis of groundwater - 0-05

multiple risks

no chemical risk - 0.51-1

nisk of metal corrosion :] 1.01-15

risk of concrete corrosion

risk of carbonate scaling D 1.61-2

45 risk of manganese and iron scaling - 201-25

Minimum groundwater temperature (“C)
| RCREGERY

B 11.01-1125

[ ns-ns

] ns1-17s

s




Surface & Subsurface
Synergies
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Storage tanks

LNG
HYDROGEN
OIL / GASOIL
LIQUID AIR
HEAT

(Elevated®) Lakes
Island Basins

PUMP ACCUMULATION
( SURFACE WATER)

(S
N -

-

Surface Electrical

BATTERIES (DIVERSE SOORTEN)

FLY WHEELS

CAPACITORS

SUPERCONDUCTIVE MAGNETS

- -

gSurface
—

- - Subsurface

HOT/COLD WATER

NATURAL GAS

HYDROGEN

COMPRESSED AIR/NITROGEN
COo2

BRINE

Mines, Tunnels, Cavities

Depleted Oil
& Gas Fields

NATURAL GAS
HYDROGEN
COMPRESSED AIR/NITROGEN
Cco2

PRODUCTION WATER/ BRINE

1N

HOT/COLD WATER
PUMP ACCUMULATION (WATER/BRINE)
RADIOACTIVE & OTHER WASTE
(NATURAL GAS *)

(COMPRESSED AIR/NITROGEN *)

Salt Caverns

NATURAL GAS

HYDROGEN

COMPRESSED AIR/NITROGEN
GASOIL

BRINE

HELIUM

GSEU

EEEEEE




Surface & Subsurface Data Integration 3§ o | RG Energy & Industry Geography Lab

GEOLOGICAL |FOR
SEAVICE  EUROPE




Optimal CO, Transportation Infrastructure
7 AN g JRC Study on Optimal CO, Infrastructure

CO2 sources

Capture (Mt/year)
e 058-133

L 1.34-2.13

® 214-331

® 332-577

@® 578-11.70
CO2 sinks

CO2 Emission sources

Storage (Mt/year)

Mtyear
e 00-10 ® 0.66 - 1.70
® 1.1-30 ® 171-290
O a1-50 ® 291-6.06

‘ 51-100
. 10,1 -314

® 607-14.00
@ 1401-9346
CO2 terminals
Capacity (Mt/year)
1.28 - 1.68
1,69 - 8.63
O 8.64-1278
12.79 - 17.32
D 172.33-137.75
CO2 routes
Transport (Mt/year)
& —— 0.00-3.59
3.60-11.74
11.75 - 31.17
31.18 ~55.56
55.57 - 149.02




. Optimal H, Transportation Infrastructure

Concentration of
industrial facilities

High Salt Structures of Europe
Mixiereie I satt Structure
Ezﬁeﬁfﬁzomzﬂ _ Cenozoic Age (Paleogene)
I > 4000 " Mesozoic Age

Il > 3 000 - 4000
| I > 2000 - 3000
B > 500 - 2000
< 500

I Paleozoic Age

RC Energy & Industry Geography Lab 2021 -— 0 250 500 km
L —

EuroGeographics ' the administrative boundarie:

Caglayan, D.G., et al, 2020, Technical potential of salt caverns for hydrogenstorage in Europe

@ CGSEU

SERVICE EUROPE

B8l JURC GIS Analysis
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4
|—> We are turning our web platform into a knowledge hub

—> Several parts of the pan-EU GeoEnergy Atlas will be published soon

We are connecting with a broad range of stakeholders (JRC, OSDU, DGs,
Industry Groups) and we love to establish more partnerships!




https://www.youtube.com/@GeologicalServiceforEurope

m https://www.linkedin.com/company/gseu-geological-service-for-europe

https://www.facebook.com/GeologicalServiceForEurope

https://twitter.com/GeoServiceEU

GEOLOGICAL SERVICE
FOR EUROPE

WWW.GEOLOGICALSERVICE.EU



https://www.youtube.com/@GeologicalServiceforEurope
https://www.linkedin.com/company/gseu-geological-service-for-europe
https://www.facebook.com/GeologicalServiceForEurope
https://twitter.com/GeoServiceEU
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