


COREu is one of the largest Horizon funded
Carbon Capture and Storage (CCS) projects

" More than 40 partnégs aim at the development
of ib concepts f ), transport and storage
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'z %2 v Main Objectives

Accelerate CCS deployment by demonstrating
safe and effective CO, transport and storage.

Increase the TRL of the CCS technologies
developed.

Define economically viable, societal-and
environmentally-aware business models for a
sustainable upscaling of the deployment of CCS.
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Develop improved CO, stream specifications for
the demo, facilitating open-access transport, by
targeted analysis and experiments.

Provide experimental data, new methods and tools
for safe design and risk assessment of CO,
transport.

Provide experimental data and develop tools to de-
risk and optimize CO, storage.

< ¢

% COREv

¥ ¥ ¥ ¥

Support the deployment of multimodal, open-access
CO, transport by experimental data, validated models and
engineering design.

Facilitate the safe operations of, and enable revenues and
credits allocation in, CO, transportation networks by
advancing metering and analysis technologies.

Develop a standard methodology for strengthening social
acceptance of CCS technologies.

Monitor, prevent and reduce the environmental impact of
transport and storage deployment.

Contribute to create a positive momentum for CCS across
EU, by mobilizing impacting stakeholders (beyond
consortium) & offering an innovative setting for
collaborative engagement, resulting in accelerated
deployment of safe, sustainable and resilient CCS routes in
Europe.




Accelerated route development across Europe

Central-East Europe:

Czech Republic: MND'’s storage
structures and hub development.

L G i o Poland: LPB*’s offshore reservoir
D Lotue B o “7 exploitation in the Baltic Sea.

Baltic sea
Ukraine: UGV*’s CO, capture and

:’ transportation routes.

Long-term Assessments:

Q\’ Carbon intensity, LCA, environmental

© CESKA GEOLOGICKA SLUZBA (CGS) impact, and risks.

Western Ukraine »4 Scenarios for cross-border CO,

. © UKRGASVYDOBUVANNYA JOINT transport infrastructures.

STOCK COMPANY (UGV)

Eastern Czech Republic
* LPB-Lotos Petrobaltic SA

* UGV-UKRGASVYDOBUVANNYA JOINT STOCK COMPANY



Demonstrations

N Y Greece : Norway:
| l:, _ - CO, delivery to Prinos Onshore test of innovative
= : - offshore storage site offloading solution by
o ‘@’ (using GVP* transport MacGregor.
y vessels).

Storage suitability assessment.
AUV*-based leakage

CO, pilot operations and
monitoring system.

leakage monitoring.

Existing Sour Gas Pipeline

s Monitoring induced Monitoring induced seismicity

seismicity with subsea with subsea nodes.

Proposed Platform
(OMIKRON)

Proposed Platform
(LAMDA)

Propcsed Ui, Ges L Sensors. X .
et oo Upscaling to full-field
Exieing Soix e Ripsioe s Thassos Island d eve lO p ment.

weFsen  Prinos site, Greece. ©ENERGEAN &

* GVP- GAS VESSEL PRODUCTION PROIZVODNIJA IN INZENIRSKE DEJAVNOSTIDOO

COREU ¢ AUV-Autonomous underwater vehicle
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' Project innovations
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o Use of GVP Carbon Fibre Cylinders to transport
captured and compressed CO, by truck to the storage

UNIGEO.. - site.
Onshore demonstration of four system architectures to
transfer CO, from transport vessels in ships to the
PRIME GIMACGREGOR QM“ injection well.

Induced seismicity monitoring system: a wireless,
battery-powered set of offshore sensors that can stay
I -:-) OGE e RUB on the seabed for up to six months without recharging.

hnology will be used to
near the injection wells and
e route.

Develop CO,-stream specifications for
open access transport

*‘

ign and assessment of
avoid running ductile

Enabling the assessment of the economic and safe
reuse of existing assets such as pipelines, wells, and

—BELLOI\A ﬂﬂ;tress ummum" ETHzirich platforms.

climaie rosearch
EUROPA

o Well-reservoir flow coupling.

WelreStarting ‘ B @ ) domng Metering and analysis of CO, streams including the
o customisation and demonstration of a tool to monitor

the whole CCS value chain.
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In a Multimodal Network CO, is not Pure

Different origins and capture mechanisms result in different typical
impurities (list is for sure not complete!)

Amine scrubbing: water, traces of amines and air components
Oxyfuel: water, air components, SO,, NO,
Pre combustion: water, H,, H,S

Typical impurities are ...
in the % range: nitrogen, oxygen, argon, methane, hydrogen

\ in the %o range: water
- in the ppm range: SO,, NO,, H,S, amines ...
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érl ,ﬂﬁh@ E% Power plant with capture Chemical industry
éﬁ r -~ 0T CO; processing and compression Ship transport
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. é éﬂ Industrial site with capture .oq Truck transport
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In a Multimodal Network CO, is not Pure
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Impurities in the ppm range
become cost drivers, keep us

busy in modelling properties of
CO, streams
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Liquid CO, (LCO2) Quality Specifications

Limit for CO, Cargo within

R Cna p Reference Conditions
Carbon Dioxide (CO,) mol-% Balance (Minimum 99.81%)
Water (H,0) pem-mol £30
Oxygen (0,) ppm-mol <10
oger s > permemol
Aming ppm-mol <10
. Ammonia (NH,) pem-mol s10
Formaldehyde (CH,0) ppm-mol <20
Acetaldehyde (CH,CHO) pem-mol <20
Mercury (Hg) perm-rmol 0.0003
Carben Monaxids (CO) ppm-mol 5100
Hydrogen (H,) ppr-mol 50
[ Mthane (CH) ppr-mol <100
Nitrogen (N} ppm-mol 50
[ Argon (Ar) ppm-mol <100
Methanol (CH,0H) ppm-mol <30
w ppm-mol @
Total Volatile Organic Compounds (VOC) | ppm-mol <10
oo Eyena Syeol METEDS ppm-mol
['a7ex ppm-mol <05

T BYNAMIK RSpanI
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If Impurities Keep us Busy, the Bulk is Well Described?

Int J Thermophys (2023)44:178
https://doi.org/10.1007/510765-023-03263-6

EOS-CG-2021: A Mixture Model for the Calculation
of Thermodynamic Properties of CCS Mixtures

Tobias Neumann'? - Stefan Herrig' -+ lan H. Bell® - Robin Beckmiiller' -

Eric W. Lemmon? - Monika Thol' - Roland Span'

= cxo(p, T, ?) + ocr(é, T, ?)

50 (p’ T, ?) = Zx,— [ocf(p, T)+ 1nxl-}
/ o:r(é,'c, 7) = Z

i=

x;00(0,7) + Ad” (5, T, 7)

—_

1 2 s xi+x 1f 1 i T
— _’+ le /flll)\ll—/_ A
-n-'(x) ;pc, ’ZJ i+l ’ lﬁ\u'+x/8<l’l./i3 Ml:f)
. N N -
* An accurate property model covering () =Y 21, 3 Z 2xlx]ﬁTnyljﬁx’+f (TeiTe))""
15 CCS components is available = =1 =i+l T T
- T(%
* Ared Cezairliyan Award 2024 o= (”?) and © = (T )
» Software required for broad application
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TREND and REFPROP - Two Software Packages
Defining Property Standards in Energy Technologies

» Accurate property models
are available for about
160 pure fluids

« Working fluids in energy ) d "':’ 9
technologies (power, 9
refrigeration, heat pumps, : i .

9 ?

air conditioning) & bulk
chemicals

080000
050000

* Relevant mixtures
covered (incl. natural gas,
LNG, CCS, cryogenic
engineering)

TREND ~ 190 user
REFPROP ~ 10 000 user
the models are the same!

%‘\WLN AMIK R. Span| COREu - Thermodynamic Properties for Energy Technologies | 02/2026 UB"CLEURS'W RU B

Slide 10



TREND and REFPROP - Two Software Packages

Defining Property Standards in Energy Technologies

TOP Authors
for multiparameter reference
equations of state:

Eric W. Lemmon, NIST
(EOS for 104 fluids)

Roland Span, RUB
(EOS for 48 fluids)

Monika Thol, RUB
(EOS for 30 fluids)

Wolfgang Wagner, RUBY
(EOS for 17 fluids)

TREND ~ 190 user
REFPROP ~ 10 000 user
the models are the same!

%ﬁo@ YNAMIK R. Span| COREu - Thermodynamic Properties for Energy Technologies | 02/2026 UB"CLEURS'W RU B
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TREND and REFPROP - Two Software Packages
Defining Property Standards in Energy Technologies

TOP Authors
for multiparameter reference
equations of state:

Eric W. Lemmon, NIST
(EOS for 104 fluids)

Roland Span, RUB
(EOS for 48 fluids)

Monika Thol, RUB
(EOS for 30 fluids)

Wolfgang Wagner, RUBY
(EOS for 17 fluids)

TVODYNAMIK RSpanI

To a large degree, the world of energy
technologies is based on property
models developed in NRW

| ozz026 e RUB
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