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EUROPEAN CO, STORAGE ATLAS

Thanks to partners

The long way to a storage atlas

Integrating the public available data from

former EU and other projects

CO,StoP basic facts

1st European CO, Storage Atlas, challenges
> Content of atlas,
> New data, new countries

The resources are limited, volunteer basis

The information given and views expressed are
those of mine though I'm doing my best to
represent 26 CO,StoP partners and EGS-GEEG
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Thanks to partners

CO,StoP
=» 26 partners and

=2 Filip Neele

=» Karen Kirk

=2 Nikki Smith
=» Sam Holloway
=# Niels Poulsen

subcontracting partners
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The long way to
st European CO, storage atlas
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2012 2013 2014

ENeRG Position Paper September 2012

ENRG 3

The Need for a CO, Geological
Storage European Atlas —
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The long way to

1st European CO, storage atlas
2014

Active link between
graph and map

‘Google like’ Detailed site
zoom/pan Iinfarmation
functionality
Manipulate
layers: (Toggle
change
transnarancyl

Graphical results of
viewed data

Select other layers
(e.g. One Geology,
Google)

User defined
complex queries
Overview window:
B

SOIL ATLAS OF
EUROPE
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[ 1= Countries studied

[_1 =Countries not participating in CO2StoP project
L= Aquifer daughter units

4 =Hydrocarbon daughter units

GeoNet = Storage units

= Formations
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Joule II Emwmm

by power plan

o Gigaton CO»

CO, storage capacity

in geological traps for
the EU countries and

Norway.

=» All figures are in Gt
CO,

The underground disposal
of carbon dioxide. Sam
Holloway (editor), 1996.
Final report of the Joule II
project No CT92-0031.
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Integrating the public available data from
former projects
into the CO,StoP GIS database

=»Since the early 1990s

-»Joule II finalised 1996
The joule II project: The underground disposal of carbon dioxide
“All Europe”

-2GESTCO finalised 2003
Geological Storage of CO, from Combustion of Fossil Fuel

lI?jeKIgium, Denmark, France, Germany, Greece, Netherlands, Norway,

=»Castor finalised 2006

Bulgaria, Croatia, Czech Rep., Hungary, Poland, Romania, Slovakia,
Slovenia

-2EU GeoCapacity finalised 2008 (The project was co-funded by the
EU within FP6 )

é_sse_sdsing European Capacity for Geological Storage of Carbon
ioxide

Bulgaria, Croatia, Czech Rep., Denmark, Estonia, France, Germany,
Greece, Hungary, Italy, Latvia, Lithuania, Netherlands, Poland,
Romania, Slovakia, Slovenia, Spain, UK, Bosnia-Herzegovina,
@ Albania, FYROM, Luxembourg, Belgium, Norway (25 countries)

-2 CO,StoP finalised 2014

Building an aquifer and hydrocarbon field CO, storage capacity
database for the EC (27 countries)

(c:
GeoNet
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EU GeoCapacity:

Assess the European Capacity for Geological Storage of Carbon Dioxide.

Project duration: 3 years (Jan. 2006 — Dec.
2008)

Budget: 10.5 M€ (FP6)
26 Partners from 21 countries
Coordinator: GEUS,

Outcome: provided the data required for the
Europe wide adoption of CCS.

~» Mapped potential sources and
sinks

=» GIS and Decision Support System

=» Site selection criteria

=» Estimated 117 Gt storage
=» 96 Gt in deep saline aquifers
=» 20 Gt in hydrocarbon fields
< 1 Gtin unmineable coal beds

< Emissions simaione il Sy

/ C fj.'-? < large point sources 1.9 Gt CO,/year S nn e as
*

*
¥ @ 2001-5.000 Aquifers

Pipelines

@ 5.001-10000 I Hydrocarbon Fields

. 10.001 - 32.000 [l Coal Fields
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2StoP

CO,StoP

Project

CO,StoP is the acronym for the
project “CO, Storage Potential in
Europe.”

Started on January 2012 and ended in
March 2014

CO,StoP was a project funded by the
European Commission

» Total eligible costs:
* EU contribution:
Countries

27 countries
Partnership

26 research institutes

>EUR 238,581
EUR 238,581

Consortium
BGS, GEUS and TNO
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hasic facts

[_1 = Countries studied

[_1 = Countries not participating in CO2StoP project
] = Aquifer daughter units

= Hydrocarbon daughter units

= Storage units

= Formations



StoP

CO,Stop: Assessment of the CO, storage
potential in Europe

Outcome

« Database of CO, storage locations throughout Europe

Public available data

« The CO,StoP database paint a broad picture,
«  but also identify the gaps in our knowledge
« It marks rather the beginning of atlases with resource estimation,

and certainly not the end.

« The database is housed by the
Joint Research Centre -
European Commission, Petten

(/ C *, a""?

GeoNet]

CO2 Storage Capacity by country (Mt)
Belgium, 227.0931781
Austria, 19574.188

Bulgaria, 2568.56 Croatia, 4056.141102

Czech Republic, 447.6770149

Germany, 2353.4

Greece, 9503.357895
Hungary, 214.1505667
Ireland, 2050.684326

Italy, 4585.148824

ithuania, 84.696975
Macedonia, The Former
Yugoslav Republic Of,
Switzerland, 143.3088
1849.948875
Spain, 5934.59
Slovenia, 154.37532

Slovakia, 1819.725685

Serbia and Montenegro, 0

Romania, 18000 Q
Portugal, 845
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s Storage formation contains structural reservoirs
(traps)

e b Method assumes
different (higher)
storage efficiency
in trap than in rest
of formation.

storage unit

Calculation varies
limit of UK Exclusive Economic Zone (UK EEZ) —_, d e pe n d i n g O n

0 m below sea level (msl)

" seabed 4200
part of reservoir - 400
formation considered
too shallow for CO, storage -1600

ofa BOO .
unit has closed or
—-41200 part of reservoir
daughter t——— formation outside
it —=="11400 UK EEZ

open boundaries.

y "‘..‘ ¥
X
*a¢ 2

GeoNet

CO2GeoNet Venice Open Forum 2016 11




- Aquifer consists of compartments (units) with
closed boundaries

—=m__ Fault - tick on downthrown side

Storage capacity is
the mass of CO,
that could be
stored in available
space at limiting
pressure

—2000— Contours on top of storage formation (m b.s.l)

®®@® Storage units - identified by differing
degrees of overpressure or underpressure,
boundaries assumed to occur at faults

Well with pore fluid pressure

5
' measurements

S storage
o unit ©

limit of UK Exclusive Economic Zone (UK EEZ)

1400 mb.s.l.
- 1600
storage storage - 1800
reservoir formation L unite unt o - 2000
absent
~ 2200
72400  part of reservoir
\4—%‘0‘” formation outside
I UK EEZ

2800

: "
. ol
*

¥

[ g 2
GeoNe I (Fig. after Gammer et al. 2011)
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Database Structure

Table 1
Formations

i Formation|<

Table 2

/

Storage
Units

Table 3

,\ Storage
/ Unit
Storage\
Unit

Traps
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= Layers = Layers
DK_aquifers (W DK_aquifers H
e Traps | Formation

[

25toP = [ Frederikshavn_Forme = [ Frederikshavn_Forme
[ [

= [ Haldager_Formation [] = [ Haldager_Formation
= o R O

z O =] Gassum_Formation
| @ |

= [ Skagerrak_Formation ¢ 0 = [ Skagerrak_Formation
[ [

= [ Bunter_Formation Q = [ Bunter_Formation
g ) -

D Identify . (I

o
I5-Gassum Formation || o otion: 570,799,845 6.664.073,485 Meters
i... 72254,5754843
Field Value
FID 0
Shape Polygon
Area 72264,5754543541
Palygon_ID DK_F_20120805113052957
[«]
‘ 0 b H 4 i | D
Identified 1 feature i
= [ Frederikshavn_Forme
O
= [ Haldager_Foermation .
= ot
-
O =
= [ Skagerrak_Formation s D
[
= [ Bunter_Formation o
[~]
[
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Data linked to polygons in the GIS

25toP

kmarks Insert Selection Geoprocessing Customize Windows Help
B X[ 0 || 142760 IEEEE T $e g
e -0 @B LA 0 RE (7 EE B

o 2 x [T - =
88|48 |

B £ layers ‘ l Identify from: | <Top-most layer>
= |
@

=] StorageUnits

PEditor~| b M| 2 g Ll N

[=- Sarmatian Formation from Transylvanian Depression
[=- Hydrocarbon_Formations
[=)- Sarmatian Formation from Transylvanian Depression

%] . =)-Hydrocarbon_Storage_Units
=] Formations [ER Sarmatian Formation from Transylvanian Depression SU
= =+ Daughter Units

O Storage Units - Iernut
[ Daughter Units Copsa Mica
=] Basemap Sangeorgiu de Padure

- Targu Mures Dome

O

Value
STORAGE_UNIT_ID RO_S_20121018111003040
STORAGE_UNIT_NAME Sarmatian Formation from Transylvanian Depression SU
ASSESS_UNIT_TYPE Saline Aquifer with hydrocarbon fields

PERIOD_MIN Neogene
PERIOD_MAX Neogene
AGE_MIN Serravalian
AGE_MAX Tortonian
LITHOLOGY Sandstone
WATER_DEPTH 1300

SEAL marls
SUBSURF_INTERF <null>
SURF_ISSUES <null>
EST_STORECAP_MIN 2696.8
EST_STORECAP_MEAN 3000
EST_STORECAP_MAX 5393.5
CAP_EST_METHOD Pore vol and storage eff coefficient limited by trap vol
GROSS_THICK_MIN 100
GROSS_THICK_MEAN <null>
GROSS_THICK_MAX 200

1075
! 107.5
DEPTH_MAX 1300
PRESSURE_MIN 107

PRESSURE_MEAN

Identified 1 feature

114640.523 5249883.908 Meters
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Database interrogation tool

2StoP

=» The CO,StoP tools established probabilistic estimates of the
CO, storage resource in Europe and calculation of injection

rates
CO,S5toP GIS Data Analysis Tool
= s fs CO2STOP DATA INTERROGATION SYSTEM
ticpating in COZStoP 3= 4

praject S
I~ Aquifer daughter units _’i
[ Hydrocarbon daughter <725

units i

- Data entry system
- View, Filter and Export Data
- Import Results

L §

| €O2 injection capacity | | PRIMARY INPUT |

Gy

. . CALCULA-
DSF: Deep Saline Formation TIONS
DATA

&
. : DATA inpurt file
DGF: Depleted Gas Field croces [N
Store Fit

MESSAGES

B
| Geol\;et~
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1st European CO2 Storage Atlas

-» Develop a first CO, Storage Atlas
for EU, to be built on the
foundations of the CO,STOP
database (owned by JRC)

=» JRC believes it is now or it will not
be possible before a good number
of years.

. =» Publishing the atlas now is needed

as a follow up on the outcomes
from the COP21

JOINT RESEARCH CENTRE

The Furopean Commission's science and knowledge service

& * *,

“;EURQkG EOSURVEYS
Kx X 25toP
The Geological Surveys of Europe
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Next steps

1st European CO, storage atlas
2014

November 2016

‘Google like’ Detailed site
zoom/pan Iinfarmation
functionality
Manipulate
layers: (Toggle
change
transnarancyl

Graphical results of
viewed data

Select other layers
(e.g. One Geology,
Google)

User defined
complex queries
Overview window:
B

SOIL ATLAS OF
EUROPE
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[ 1= Countries studied
[_1 =Countries not participating in CO2StoP project
L= Aquifer daughter units

| = Hydrocarbon daughter units
GeoNet = Storage units
= Formations
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Text for online and publishes atlases

2Sto|3

The resources are limited.

Ma|n|y Volunteer bas|5 ﬂ 16°W 8°wW 6 S‘LE 1\6°E 24"!? 3\2"E }O°E 4\8‘? 56°E500 - 64°E\

Text needed and good to have. :

> What is CCS S0 StoP project

g CO2GeoNet -\/ErGeSd (Iioczluntriess.'?N

-» Geological description of geological Universities
basins and formations * _-t[\tla'ilonal

institutes

CO,StoP partners & I Latvia covered

EuroGeoSurveys GeoEnergy Expert
Group

Methodology

is already available in the CO,StoP
report

Give reference for new, more and
better information like the
CO,Stored or NORDICCS.

Relevant partnerships, countries

by the Estonian-Latvian
sboundary project

42°N

** * **y
'kaURQGEOSURVEYS
* x X

The Geological Surveys of Europe
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CO:Stored
Interactive Map and database

&
&=
«0
/)
=
o
=
& Unit Designate Select Ot -] Age Select One -
@ Group Sebect One B Unit 1D
@ Formation Sebect One -l Maximum Wator Depth [m]
Mamber Stbect One - Permeability [m0] o
Area Sebect One - Porosity [fraction] 0
Storage Unit Type Sebect One B CO; Theoretical Capacity [10%] to
Capacity Data Results
Description Units Measurements
United
Kingdom Total Number of Storage Units 574
Lendon, Germany X
Ve Number of Siorage Uinits With Results 505
il ' Preliminary Overall Thearetical Capacty (P90) {10* Tonnes] 62845
\cx:’.‘/‘,(ip Prelminary Overall Theoretical Capacity (P50) [10® Tonnes] 6972
{ ¢ vieta Preliminary Overall Thearefical Capacity (P10) [10° Tonnes] 75490
};N -~ \l\r‘/rvxt Austria
/ TR s O
¢ \# e Storage Unit Results (574)
W e el Bz =5
Unit 1D Description Area Uni Designate Lat Lon
] Northem North .
CO,Stored project partners Comorent 000_14 50 S Aquter 5955 178

GeoNe ﬂ
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NORDICCS: Total Nordic CO, storage capacity mapped until 2015

94600 Mt Aq|| Barents Seg
6100 Mt:Ag]
gv'e 4 B

12000 Mt HC

Norwegian Sef
15500 Mt Ag "

I%rth .\”
2173000 Mt A

5 g
G » B
1) o =
**',:'*' : “ Pl - Nordic Countries
AR — —_—
» * = B
**x“*',? .
GeoNet
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Providing digital data to the Nordic CO, Storage Atlas

wy
A9

‘ ICELANDIC INSTITUTE OF NATURAL HISTORY NORWEGIAN PETROLELM

DIRECTORATE

NORDICCS project partners

NORCEMm
CENTRE
O

MONGSTAD
rEIDELBERGCEMENT Group

—f‘ NTNU - Trondheim
m Norwegian University of

Science and Technology

=

q( s
i Vs e Orkuvei
Stato" GRSSCO UNIVERSITY OF ICELAND Reykjarv;ll(n?lta
SGU Swedish Environmental
G i logisk i VATT E N FA L L ~ IVL R‘gsearch In;titute
Geological Survey of Sweden d —

GEUS

Produced with support from the NORDICCS Centre, performed under the Top-level Research
y o Initiative CO, Capture and Storage program, and Nordic Innovation.

C{ The authors acknowledge the following partners for their contributions:

Statoil, Gassco, Norcem, Reykjavik Energy, CO, Technology Centre Mongstad, Vattenfall and
the Top-level Research Initiative (Project number 11029).

/Geol\l*;:
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Atlas: growing variety of partners

ﬂ W 8W 0 8 16F 4% 3P 40%F 48F 56°E 64°E | .
, 500 km * EU GeoCapacity

66°N

Q2StoP project * ENeRG

~covered by
BWEGS Countrie¥"| * CGS Europe

. IUniversities
Bl National * CO:GeoNet
institutes ..
2l I Latvia covered Association

by the Estonian-Latvian

sboundary project ° Un ive rsities

50°N

e Research
Institutes

 National
Agencies

* EuroGeoSurveys

** * **_
*;EURQG EOSURVEYS
* %k

The Geological Surveys of Europe

gc:
GeoNet
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