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From Capture to Storage,
some technical-economic challenges
to optimise the value chain
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The complexity of the CCUS value chain

= P
CO, Capture CO, Processing CO, Processing CO, Transport €O, Intermediate
Purification + Compression and/or * Pipeline storage & Transfer 3
liquefaction * Rail & Road * Tankfarm €0, Utilisation
) Interm.ed|f’:\te stora?ge * Ships * Loading and unloading
& loading installation . .
installations
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Challenges along the value chain mESSERS

Geological sink Legal

Long term .
5 availability complexity

storage Capture
assurance

High costs efficiency
and.laclf f)f - * - Permitting
profitability facilitation

CoIIaboratlon needed

Regulatory Public
and policy acceptance
gaps /
Long lead times
Lack of
infrastructure ] Ene.rgy
Monitoring , required
and Safety and risk
verification management
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Carbon capture technologies ...on progress M

Cryogenic separation \

Chemical Adsorption TRL
Oz
O
Membrane 7 HPC (Absorption)

6 Oxyfuel

Amines (Absorption)
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CO, specifications

What is the destination of the CO, after

capture and processing?

Influence:

Downstream process
Material compatibility

Chemical cocktail

3
=
2

Identified challenges:
*  Blockages due to solid CO,, H,0 or hydrate formation
*  Corrosion due to H,0, H,S, SOx, NOx, MEA, DEA, NH,

*  Predictability related to incondensable such as N,, H,, Ar,
0,...

¢ Interations and contamination

4EARB Simplifying carbon neutrality.
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Consfituents. Units. Requirements Note
Co: ®mal >95 (U]
HO ppm mol <40 1] x A.
" % mol <075 U]
= — =1 ACTERISTICS
A % mol <04 n
CH. ®mol <1 m
IN BEVERAGES FOR SOURCE
co pom mol <750 1] JON?
o, pom mol <40 "
Hi o A CHa CO+0: % mol <4 U] tration
v min.
viv max
£ viv max.
viv max.
viv max. each
wiw max.
1w max. h
Tolal ofphatic hydrocarorns (C2- pom mol <1200 m . S = - e €3, MANSPORT & STORACE
) Wwality specification for liquifie
Totel aromatic hydrocorbons (C4- Bpm mol <01 m
10, incl. BTEX)
s pommol < U] _ CO: specifications
son pommol <01 @ — =
SOx pommol <10 m |veen 10 |she Component Mole Base
Sulphar ouicsen (30
S0t (COS. DMS, K5, SOn. < m |k v = e
Madcigtan) pom mol | Hwc ouisePavogen Soxide PO |10 ) ZTamm
[reTS—————r Som [N~ Acv CHCOOA] 3%
NO& ppm mol <5 m |Hraroo - I ) <075%
Carton monosde KC0) <100 e Z29%
°C on whale operafing r T A =04%
i {tor ol <1 1 Ammire
Dewpoint ftor al liquids] i e o m || | — —
Arrrored pady 510 =3 =750 poms
NH, ppm mol <3 2 ¥ =3 =40 ppm
’ | Toml suor-<antamed compounds (COS. DVS, His, SO7. Meroaptan) =20 pom
Total volalie OQaNC Compounds <20 Of which H:5 < 5 pom
|excl. methane, total aliphatic. HC _ Total NOx < 5 ppm
G to Cis; mefhonol, ethonol ond pemmol i 2 x Toial alphate hydrooaroons (G2 16 G107 =720 pom
oidehydes) Sl Toial aromats hydrocarbons (C8 1o C 10, indl BTEXY T01ppm
Mascury fHg) 000 Total volatle organsc compounds (excl. methane. 1ol alphate HC =10pem
Total cidehyde compounds pom mal <10 2 | F * | {210 GIC) miatrinok, atharw, et sy
_ - A Tholum (1 Sum £ 0.0 Total sidehyds compounds. < 10pem
Ethanol ppm mal <2 [t Erancl T2 pom
Tt TE0oom
Methanol ppmmol <620 2 ‘Hydrogen cyanide (HCN) 52 ppm
Total amne compounds =1ppm
Total corboxylic ocid and omide Tm\wmm Foliow dew point specification
cempounds peamct & 2 Fmmonia (R =3 pom
Total carbowyfic acid and amide compounds <1 ppm
Tolal phosphonss -  contained sk ' - Towal phosphorus coniained Compounds =1 pom
m < st poechon
compounds i 5 % Compounay
Dew pont i valoe measurement [or 31 1GUGs, 18 or compiets <A0C (st 20 bara)
Hydiogen cyanide [HCN) ppm mol <2 @ €O
meecury [Hal ppm mal <003 ] o1 s e e escars
N = Toes o S7n 5,
Coarhivrn (Cd) + Thalium (1) pommol <003 2
Total amine compounds pom mol <l 2

11) Compounds that shall be measured on a confinuous bass af entry points
[2) Compounds that do nat have to be measured on o continuous basis at entry points.

However. he p need o

the table

thot they

the requirementsin

e Poros CO, specsicamns
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Which €O, phase ... MESSER®

= Liquid Figure 4: Pressure and temperature ranges of the three conditions considered for CO:

_ transportation™
* Medium pressure 13-18 bar

('20/'40°C) Low pressure Medium pressure High Pressure
e Low pressure 7-9 bar Temperature (degC) -55t0-40 -30to-20 0to15
(-50°C) Pressure (Barg) 5010 151020 351050
= Gaseous Density (kg/m3) 1170t0 1120 1080 to 1030 930t0 820
Tonnes cargo weight per m3 1.2t01.1 1.1t01.0 0.9t00.8
= Dense phase (pressure > 70 bar, i SESMCIENEEN - = i

temperature > 0°C) Source: CCSA-ZEP report

Note: There is some rounding in these numbers
Source: What do we need to know to make CO, shipping for CCS a reality? - March 2024 - The Oxford Intitute for Energy Studies
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... for which transport modal MIESER

N’

N’

Pipeline: dense phase or high pressure

l\/% Ship: large vessels in liquid - low pressure

2l 4 Railcar / Trailers: liquid — medium pressure

Sources: ZEP reports - A-Trans-European-CO2-Transportation-Infrastructure-for-CCUS-Opportunities-Challenges-1.pdf (zeroemissionsplatform.eu) & ZEP-CCSA-Report-on-CO2-transport-by-shi
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Other challenges along the value chain

Energy efficiency along the supply chain

Change of CO, phase Energy requested

Liquefaction from non- ~150-200 kWh/t
pressurised gas

Boosting from liquid to 130 bar ~5-7 kWh/t
From gaseous 50 bar to liquid 15 ~80-120 kWh/t
bar

4EARB Simplifying carbon neutrality.
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Losses monitoring

Losses will occur along the value
chain, from the capture to the sink, on
each transfer and phase change

Reasonable estimation of carbon
capture rate: 85%

Monitoring is not easy

Responsibility of losses



Complexity of the value chain messERS

Carbon capture

plant Pipeline On-shore sink

Carbon
capture Pipeline Port terminal OIESIOIS

plant

g: rtt)L? rg Ship Off-shore
pI%nt Terminal sink
Carbon .

Intermediate .
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Split cost in the CCS value chain* messERS

CO, capture
CO, processing
CO, transport

CO, sequestration

10 -> 80€/t

Carbon capture costs represent about 60% of CCS value chain or large emitters
For small or intermediate emitters, the supply chain will represent more than 30% of the costs

*those values are indicative, based on the various literature and our understanding of the current market.
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Multi-modal transport costs MESSEn

Transportation Estimated costs*

On-shore pipeline ~ 5->12 €/t
Off-shore pipeline ~ 10 -> 20 €/t
Ships ~ 10 -> 30€/t
Rails ~ 10 -> 60 €/t

*Those costs are influenced by the volumes of the carrier, the distance to cover.
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CO, infrastructure is expected

Announced CO; storage projects in Europe, scaled according to maximum annual injection capacity in MtCO,/year
Areas in light green show regions of suitable storage geology as mapped by CO.5toP

‘»

+
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Figure 7. Scenario A1 - CTP 2040 (EU), year 2030
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) o .

0 %50 100 km- *

CO2 sources
Capture (Mtpa)
e 00-30
* 31-60
® 61-90
® 91-120
® 121-150
CO2 sinks
Storage (Mtpa)
*  00-100
e 10.1-200
®  201-300
®  301-40.0
® 40.1-50.0
CO2 terminals
Capacity (Mtpa)
0.0-20.0
20.1 - 40.0
40.1 - 60.0
O 60.1-80.0
80.1 - 100.0
100.1 - 120.0
©  120.1-140.0
CO2 routes
Transport (Mtpa)
. 0.0-200
®* e 20.1-400
——  40.1-60.0
=" 60.1-80.0
= 80.1-100.0,
== 100.1- 12000
> 120.1-140.0
‘250 500 750 1,000km

Source: Tracking CO, Storage Project Capacity in Europe - Clean Air Task Force

Simplifying carbon neutrality.

Source: JRC, 2024

Source: Shaping the future CO2 transport network for Europe
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Aggregation in a ship terminal mESSERS

* Intermediate storage tank farm

* Railway unloading station

* Future local pipeline connection
» Losses control unit
* Ship loading station

* Monitoring and verification

Ambrian

= o] - ; \ Energ

On-going collaboration with Ambrian Energy in Bremen (Germany)
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Conclusions

* Many clarifications are still needed in term of
regulations, infrastructure, standardization

» Capture technologies are in good progress

* Energy efficiency is vital in CCUS projects

* Let‘s start with trains and ships, and expect
pipelines to come later

* Working together to share the risk and move
faster

4EARB Simplifying carbon neutrality.
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About ZeCarb
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Hello, we are ZeCarb.

70 years of experience in the CC-Business

Capable of capturing from different CO: sources ZeCarb stands for Zero Carbon.

Cileloal reaeln ol Co- Expilillig We are a specialized unit by Messer assembled to mitigate

Partner for all questions on CO: : climate change by CCUS solutions.

Extensive partner network




ZeCarb is a brand by Messer Group

Group sales figures and number of employees 2024

Total
Sales in billion euro 4.5

EBITDA in billion euro 1,4

Investments in million euro incl. IFRIC4 878

Employees Contractual employment relationships in FTE** > 11,800

** Full Time Equivalent

About Messer:
Messer is the world's largest privately held specialist for industrial, medical, electronic and

specialty gases and a highly professional and sustainable global player.

|

Products
Messer manufactures and supplies oxygen, nitrogen, argon, carbon dioxide, hydrogen, helium,

shielding gases for welding, specialty gases, medical gases and food gases as well as many
different gas mixtures.

Customers
Our products are used in industry, environmental protection, medicine, the food and beverage

sector, welding and cutting technology, 3D printing, construction, and research and science.

4EARB Simplifying carbon neutrality.
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We simplify carbon neutrality! M

ZeCarb offers Carbon Capture as a Service (CCaaS). Our services can be tailor made to your
specific carbon capture needs.

Y
) W e =@
b\—\_’ T . 3 e, "'ﬁmu
R -

CO, Capture co, P.rf)ces.;smg CO, Processing CO, Transport €O, Intermediate

* From allsou(;cles Purification « Compression and/or * Pipeline storage & Transfer L0
- Process and location i i e e

] ) liquefaction * Rail & Road * Tank farm €O, Utilisation

* Low to high concentrations « Intermediate storage
. . L . * Ships * Loading and unloading
» Wide range of capacity/volumes & loading installation . .
installations

ZeCarb is your single-source solution!

We unify complex CCUS management processes under one
roof!

4EARB Simplifying carbon neutrality. 19



We tackle your emission reduction
targets together!

You take care of your business. \We take care of the whole

CCUS process
Economic stability Strategic forecast Technological Benefits
+ Cost effectiveness * Sustainability goals * Innovation
* Market positioning * Risk mitigation « Maintenance and support
* Financial security + Stakeholder engagement = Scaleability
* Planning security * Image benefit

4=ARB Simplifying carbon neutrality.

Carbon Capture asa Service

(CCaq§) oﬁess various a*&antaqes




Get in touch!

MESSER SE & Co. KGaA

Nathalie Brixy, Sr Manager Business Development CCUS
Kleinewefersstrasse 1

D-47803 Krefeld

Germany

E-Mail: brixy@zecarb.messergroup.com
Web: zecarb.messergroup.com
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