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) TNO GEOSCIENCE AND TECHNOLOGY (GST):
OPTIMAL USE OF THE SUBSURFACE

200 m

TNO has been conducting R&D in CCS for over 30 years.
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Sand and e~ 4 |~ Soil and
grayel groundwater

extraction . remediation

The Geoscience and Technology group (GST) is part of
the Energy and Materials Transition Unit

< TNO track record in CCS
** Situation in Europe 00z aqifps
< Challenge for The Netherlands

< Summary of current storage related projects

+»» Outlook into future R&D
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http://www.google.nl/imgres?imgurl=http://www.auto-sea.com/uploads/images/Maersk_logo.png&imgrefurl=http://www.auto-sea.com/index.php?page=shipping&hl=en_US&h=315&w=349&sz=11&tbnid=lwVGowzmxIwYzM:&tbnh=108&tbnw=120&prev=/search?q=maersk+logo&tbm=isch&tbo=u&zoom=1&q=maersk+logo&hl=nl&usg=__Ew7Yjf6VKNQqkHb_-5b7bpgnDpU=&sa=X&ei=RTTMTcTFDYOEOqT8hOcH&ved=0CCsQ9QEwAQ
http://www.google.nl/imgres?imgurl=http://www.featurez.com/images/Illus%20text%20pages/eni_logo.jpg&imgrefurl=http://www.featurez.com/archive.html&usg=__A2MFM-qAt3IwTKicALlPDojKEAI=&h=174&w=175&sz=34&hl=nl&start=5&zoom=1&um=1&itbs=1&tbnid=Z-pqxImyOEK93M:&tbnh=99&tbnw=100&prev=/search?q=eni+logo&um=1&hl=nl&safe=off&biw=1259&bih=604&tbm=isch&ei=RTfMTcusEsaXOqTIqcEG
http://www.google.nl/url?sa=i&rct=j&q=koc&source=images&cd=&cad=rja&docid=mhQl62UhVIePWM&tbnid=-xs1P3r3yaN8cM:&ved=0CAUQjRw&url=http://www.kuna.net.kw/ArticleDetails.aspx?id=2283088&language=en&ei=GuAGUce7K8qX0QW82IEg&bvm=bv.41524429,d.d2k&psig=AFQjCNHvHP-8zwdZruyLwIYYOEdm-bC6uw&ust=1359491483200880

PCI: Project of Common Interest
PMI: Project of Mutual Interest
) GO, TRANSPORT AND STORAGE
I Projects with PCI and PMI status
CURRENT PROJECTS: PCI/PMI CANDIDATES can access EU funding to develop
CO, transport and/or storage
infrastructure
O
Carbon Capture,
Removal, Transport & | ) Subsidy schemes in place
° N to support policy;
and Storage in Europe e o 0 examples:
@ Enmitter Hub and/or CO, Export Terminal b /o ) National schemes:
@ Fireline Project - . contract for difference
. Geological CO, Storage and/or Import Terminal , ; ) EU Connecting EUI’Ope
® e g Facility (CEF): provides
——+ Pipeline Transport of CO, E;%?\I;t;?&)ci:]:::fg fOI’
1.  COa:TransPorts 10. Noordkaap transport and/ or
2. N-LITES . Bifrost storage infrastructure
3. Aramis 12. ECO.CEE
4. Nautilus 13. CCS Baltic Consortium ) EU: Innovation Fund
6. EU2NSEA 14. Geothermal CCS Croatia (|F) funding for
6. Norne 16. Pycasso .
7. Delta Rhyne Corridor 16. Callisto Constrgctlon and
8. German Carbon Transport Grid 17. Augusta Cs operation of CCS
9. WH2V (eNG Hub phase 1) 18. Prinos CO: Storage projects
Mar 20, 2024 | CATO List of 6™ PC list candidate projects lllustration: CATF, 2022 TINQ e ™ 4



https://www.catf.us/2023/03/europes-net-zero-industry-act-what-does-mean-carbon-capture-storage/
https://ec.europa.eu/eusurvey/files/63d2dc29-db31-4ef8-b2c9-f2d94220da78/8afde238-3437-4f07-84f6-1dd1a287e530
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) C0, STORAGE IN THE NETHERLANDS
STORAGE CAPACITY AVAILABLE IN DEPLETED FIELDS

Timeline storage capacity Dutch offshore
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Source: Carbon Collectors, 2022
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https://www.ebn.nl/wp-content/uploads/2023/02/CO2-Straight-from-Source-to-Sink_Ludo-van-Hijfte.pdf

CO, STORAGE IN THE NETHERLANDS

) Several transport and storage projects in development

) First project now past FID and constructing - large scale, 2.5 Mtpal!

) Start first operations 2026
) Several projects ongoing by 2030
) Storage rates close to 10 Mtpa
) Several suppliers, close to 10 wells

) Significant task ahead, post 2030

) ~3 Mtpa increase in supply and storage rate, or
)1 new depleted field online for storage each year

) Industry and governments to develop best practices

) Speed up licensing ,nm, v
) Remove remaining issues and uncertainties Current gas network
Future CCS network complexity?

Mar 20, 2024 | CATO m }g?cl)i\#gtion 6



) GO, STORAGE IN THE NETHERLANDS
EXPECTED DEMAND FOR STORAGE CAPACITY

Post-2030: 3 Mtpa increase in

storage rate each year =
[ One new field online every year \ aquifers (post 2040,

Orange: storage in

_—— need time to develop)
Total storage demand
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40

_____ CO, from Belgium,

CO, Storage Availabiltyand CO, Captured

g a1 — developed for storage
= ] Germany, ... P &
50 Domestic CO, Blue: Aramis gSheII,
TotalEnergies,
10 ll Neptune), 22 Mtpa
0
NNNNNNNNNNNNNNNNNNNNNNNNNN -
Green: Porthos
M Porthos M Aramis Extra gasvelden benodigd Aquifers benodigd (~4O Mt’ 2026 - 2041’

then full and closes

Report on negative emissions (in Dutch) : .
Mar 20, 2024 | CATO g m;g??#gtlon 7



https://cedelft.eu/wp-content/uploads/sites/2/2023/07/CE_Delft_220460_Koolstofverwijdering_voor_klimaatbeleid_DEF-gecorrigeerd.pdf

Monitoring

Design effective and efficient monitoring system

Define storage project performance

Define storage project conformance (i.e., agreement with expected behaviour)
Fibre optics, using telecom cables for monitoring

Low-cost seismic methods

Storage in aquifers
Storage in depleted fields

Find (offshore) aquifer structures for storage

Include aquifers in national roadmap for CCS

Develop effective and efficient injection scenarios

Find balance between risk and cost, compared to storage in depleted fields
Develop open-source reservoir simulators (OPM Flow)

CO, and H, storage

CCS network development

Study how CCS networks evolve
Design and operation of (offshore) networks with depleted fields

Re-use of infrastructure

Risks and cost of re-using wells
Well plugging methods

CO, stream specifications

Study impact CO, composition on cost of CCS

CO, flow loop (under
construction)

Flexible and modular facility to investigate CO, behaviour for e.g. bends,
valves, chokes, instruments , and porous media. TNO "o2tion

for life




) OUTLOOK INTO FUTURE R&D

How to evolve and manage networks and clusters?

How to integrate monitoring data in models (assimilation)?
How to evaluate conformance?

What are conditions for liability handover and after care?
How to decommission CCS projects?

What is the storage capacity of NL offshore aquifers?
Maximum pressure estimation?
Will there be (and how to manage) interference?

Mar 20, 2024 | CATO m;ré?ggtion 9
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