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Key findings

1

Achieving climate neutrality requires carbon capture and storage (CCS) for certain applications in industry and waste management, yet
development of the necessary CO, storage and transport infrastructure is lagging behind. The expected CO, storage capacity by 2030
amounts to only one-fifth of the EU’s storage target. The lead time for new offshore storage is 6 to 13 years. For CO, transport, trains and
pipelines are two available options that offer some flexibility during the ramp-up phase, but this depends on an appropriate regulatory
framework being established.

The total costs of CCS range from EUR 150 to 300/t CO,. Insights gained from ongoing projects show that transport and storage costs
in particular have been significantly underestimated in the past. This results in a significant cost gap compared to the CO, price in the
EU Emissions Trading System (currently around EUR 75/tCO,). At the same time, the potential for cost reductions of CO, transport and
storage capacities is expected to be limited, as these are site-specific projects involving largely established technologies.

Ramping up CCS requires a broad set of policy measures, especially to close the cost gap and to derisk the infrastructure build-out.
Subsidy schemes should generally target emitters, to make allocating public finance more efficient and to support the emergence of price
signals. Solutions are also needed to ensure workable grid fees and address counterparty risks. Providing state support to midstream
traders can allow them to contribute to derisking the value chain and coordinating the CCS ramp-up.

Even with stronger political support, CCS remains a limited and expensive option. Even with regulatory backing, CO, transport and
storage capacities can only scale gradually, not exponentially. An industrial policy approach is therefore needed that deploys CCS
efficiently and strategically, focusing its deployment on key core processes, particularly in industry and waste management, as well as on
generating negative emissions.
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The total costs of the CCS value chain are expected to range from EUR 150 to 300/t CO,.

Transport Storage Total costs
= e T Total CCS costs
_'E‘: FUR e e m - 5 (CO, capture, transport
o and storage) approx.
2 [[]\?E[]] e [ o EUR 150-300/t CO,
>
E EUR 5-45/t €O, for 500 km
Capture costs: Approx. Multimodal transport can enable a ramp-up in phases, but Expected offshore storage costs (incl. offshore
EUR 50-150/t €O, guarantee schemes and a clear long-term strategy are necessary. transfer): EUR 100-150/t CO,
The lead time for developing and constructing new Offshore storage of CO, (including offshore transfer) is
offshore storage projects is 6 to 13 years. However, the gﬁ expected to cost between EUR 100 to 150/tCO, in Europe
actual injection capacity and geological behaviour of — in the mid term. As storage projects rely on largely mature
o the reservoir only become fully apparent once injection technologies, the potential for cost reduction is limited.
b0 o
2 operations start.
:~ Current FIDs suggest an annual storage capacity of just To meet the EU’s yearly storage requirements by 2050,
“ 10 Mt CO, in the EU and Norway by the early 2030s. This the equivalent of two large-scale storage projects will

corresponds to one fifth of the EU target (50 Mt CO, by need to come online yearly until then. Due to long lead
2030).2 This capacity is spread over just a handful of times and current market developments, a linear rather
than exponential increase in storage injection capacity
is expected. Rapid progress is therefore necessary.

projects, resulting in a high concentration risk.

Agora t @ Oko-Institut

1CO,-capture costs are not covered by this study.
Industry

51, The eligibility of Norwegian CO, storage towards this target is currently still in question.



To kick-start the CCS ramp-up and develop a CCS market, several key areas must be
addressed in parallel.

o1
o2
=3

Ensure legal
permissibility

Establish market
foundations

Support market
development

CO, storage

Develop robust
incentive mechanisms
for key sectors

Pragmatic approaches
for price transparency

CO, transport via o
pipelines and alternative @
transport modes )

Forward-looking core
infrastructure build-out

Limit market power
and establish

Cross-border
CO, transfer

Develop certification
systems, norms and
standards

Pragmatic solutions
to address

@ Topics not yet addressed

Topics are being discussed or

midstream actors first-mover challenges

regulatory discussions have begun

Regulatory requirements are in
o place or processes well advanced
Improve conditions for

international
cooperation and trade

Support innovation
across the entire
value chain

Standardise and ®
streamline procedures ®

4 Address the broader
C7 framework

g Link to the relevant section

- These key areas must be addressed in parallel.

6 | Agora ( & Oko-Institut
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To bridge the cost gap, support schemes should target emitters; a robust CO, price and
infrastructure derisking measures must also be ensured.

Key requirements for a successful CCS ramp-up:

A clear industrial and climate strategy for the
deployment of CCS to enable long-term decisions
on infrastructure development. At the same time,
effective short-term measures to kick-start the CCS
ramp-up.

2 Maintaining a robust CO, price and implementing
supporting regulatory measures to develop the CCS
value chain, including measures to implement the
storage target laid down in the Net-Zero Industry Act.

3 Developing a set of policy instruments to address the
different challenges of the CCS scale-up. Four tasks are
particularly important:

Funding instruments to close the cost gap should generally
be targeted at emitters in order to generate price signals at an early stage and to
reduce free-rider effects.

Transport and storage operators need
government guarantees to address the counterparty risk. An intertemporal cost
allocation mechanism is needed for pipelines, and possibly for storage
infrastructure, to ensure that the tariffs in the early stages of market
development are not prohibitively high.

Targeted support, particularly for emitters, with
coordinating the value chain is required in the early stages of the ramp-up.
Midstream companies should be enabled to aggregate and match contract
durations and volumes, thus helping to coordinate value chains.

Price transparency
should be a condition for receiving public funding and derisking support. Non-
discriminatory access to infrastructure and storage facilities must be ensured,
and a framework for addressing vertical integration must be established

Ag ora Oko-Institut
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Setting the scene: The role of carbon
capture and storage towards climate
neutrality




Setting the scene: CCS is necessary to achieve climate neutrality, and infrastructure is

critical to its scale-up.

The role of CCS towards climate neutrality

— CCS is necessary to achieve climate neutrality for three reasons:

1. To capture and store remaining process-related and fossil CO,
emissions in the industrial and waste sectors

2. To offset residual emissions, particularly from agriculture
3. To achieve negative emissions

— Experience from the hydrogen ramp-up highlights the complexity,
costs and uncertainties involved in establishing entirely new value
chains. This also applies to CCS.

— The political objective should be to facilitate the ramp-up of CCS
through regulation, financial support and infrastructure planning,
without delaying investment in climate-neutral alternatives.

10 |

Objectives of this study

— ldentify technical, economic and regulatory conditions to
scale up CO, transport and storage infrastructure as a key enabler
for future carbon management.

— Focus on offshore storage since concrete projects are already being
planned and implemented. Longer lead times are expected to be
needed to scale up onshore storage in Europe as there is
significantly less information available on onshore storage in most
European countries and hardly any projects have been planned to
date.

— CO, capture is not in scope of this study.

Scope of this study

Agora L @ Oko-Institut
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Infrastructure requirements for CO,
transport and offshore storage

Storage |: Project development phases of offshore transfer and storage
Storage Il: Ramp-up of injection capacity
Transport

o 0O T o

CO, transport and storage costs




Infrastructure requirements
Storage |: Project development phases
of offshore transfer and storage




Timeline for developing CO, storage projects

— Which project development phases does a CO, storage project go
through, how much time does each phase require and what risks
and bottlenecks might arise?

— Which risks have been identified in existing projects?
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https://unsplash.com/de/@zacharytheodore

CO, storage projects have long lead times and entail high
implementation and economic risks.

Process steps:
storage

Process steps:
transfer to
storage

Risks &
bottlenecks

6-13 years
1-3 years 2-3 years
Planning Early development phase Advanced development phase
- Project concept - Feasibility study - Front-end engineering and design (FEED)
development - Exploration licence - Seismic surveys (3D)
—> Partner acquisition -> Seismic surveys (2D) - Application for storage licence

- Impact assessments
— Contractual commitment from emitters
and within the transport chain

- Test drilling
- Project concept - Feasibility study - Contractual commitments from emitters
development — Selection: Pipeline versus ship and within the transport chain

- Partner acquisition

— Economic viability and regulatory environment
- Negative preliminary (seismic) surveys

- Test injections: geological suitability of the storage site differs from expectations
—-> Possible bottlenecks in the approval and implementation of seismic surveys
- Delays in approvals: limited capacity and expertise within regulatory bodies
- CCS being deprioritised over natural gas projects by exploration companies
with an impact on the availability of drilling equipment

N VANZ

v

\ 4

3-7 years
Under construction In operation
Drilling - Reservoir monitoring
Reservoir monitoring (including pressure
Offshore injection platform and

seismic monitoring)

Shipbuilding; pipeline; logistics terminals
Construct upstream chain: capture plant,
upgrade rail connection

Offshore infrastructure platform

Only once the storage site is in operation can the long-term
injectability and the total capacity of the storage facility be
determined with greater certainty.

Delays in the pipeline construction or in shipbuilding due to
bottlenecks at specialised companies

. . . . - Storage capacity is lower than planned
Scale-up risks —> Projects are not implemented/planning is abandoned - Storage costs per tonne of CO, increase

14 |

Project development phases based on Global CCS Institute, page 12; Lead time estimations based on (1) CarbonNet Project, (2) National Rural Electric Cooperative Association, and (3) project-specific data from an Agora 6'( Institut
EU JRC workshop (Summary and Slides) O-INSTITU
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https://www.globalccsinstitute.com/wp-content/uploads/2024/11/Global-Status-Report-6-November.pdf
https://www.globalccsinstitute.com/wp-content/uploads/2024/11/Global-Status-Report-6-November.pdf
https://djsir.vic.gov.au/carbonnet/about-the-project
https://djsir.vic.gov.au/carbonnet/about-the-project
https://downloads.regulations.gov/EPA-HQ-OAR-2023-0072-0770/attachment_10.pdf
https://downloads.regulations.gov/EPA-HQ-OAR-2023-0072-0770/attachment_10.pdf
https://climate.ec.europa.eu/system/files/2023-05/policy_ccs_implementation_report_20230330_en.pdf
https://climate.ec.europa.eu/document/download/14695b47-5fdd-45dc-9179-39383ac62b58_en?filename=policy_ccs_implementation_20241002_participants_presentation_en.pdf

The long-term annual injection capacity, total storage capacity and associated costs of the
storage site can only be determined with greater certainty once it is in operation.

Relevance of reservoir pressure

— If reservoir pressure is too high, cracks through which CO, can escape
may form in the sealing cap rock above the reservoir.

— Injection capacity depends not only on the actual boreholes, but also
on the permeability of the rock. Permeability describes how well CO,
can diffuse through the rock. If the permeability is lower than
expected, the injection capacity must be reduced so that the pressure
in the reservoir does not become too high.

— The processes for extraction (e.g. of natural gas) and injection (of CO,)
are similar, but not identical. The geological processes within the
reservoir have been much better researched for extraction, and there
is more available empirical knowledge than for CO, injection.

Experience from existing CO, storage projects shows that the storage
site may behave differently to what was expected from modelling. This
risk in the final stage of project development can lead to delays or
additional costs and must be taken into account when considering the
development of planned injection capacities.

— Sleipner (Norway)?!

* The CO;, migrated into different layers than was predicted by the
modelling.

— Snghvit (Norwy)?

* The pressure in the reservoir rose 18 months after the start of
injection. The point of injection was relocated to a different site.

— Gorgon (Australia)®

* Due to an unexpectedly high pressure level in the reservoir, the
project can store only half the planned CO, volumes per year.
Additional investments are required for continued operation.

As with natural gas and oil extraction projects, operational risks of individual CCS storage projects are taken into account during project planning.
However, these risks relating to costs and annual storage capacity must also be taken into account for the entire CCS ramp-up.

15 ! Furre et al (2024): Sleipner 26 years: how well-established subsurface monitoring work processes have contributed to successful offshore CO, injection, Link; 2 Hansen et al (2013): Snghvit: Agora
| The History of Injecting and Storing 1 Mt CO2 in the Fluvial Tubaen Fm, Link ; 3 Cevron (2024): Gorgon Gas Development and Jansz Feed Gas Pipeline Environmental Performance Report 2024, Link Industry s
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https://www.lyellcollection.org/doi/full/10.1144/geoenergy2024-015
https://www.sciencedirect.com/science/article/pii/S187661021300492X?ref=pdf_download&fr=RR-2&rr=9a05cb0d894be0d1
https://australia.chevron.com/-/media/australia/our-businesses/documents/2024-Gorgon-Gas-Development-and-Jansz-Feed-Gas-Pipeline-EPR.pdf

Infrastructure requirements
Storage Il: Ramp-up
of injection capacity




Expected ramp-up of offshore storage projects

- What CO, injection capacity can be expected from the project
pipeline and how does this compare to storage requirements?

-  Which projects are currently operational in Europe, which projects

have reached a final investment decision (FID) and where are these
projects located?

17 | Photo: © Daniil Serhiyevich | Unsplash.com Agora ( “ 5ko-lnstitut
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https://unsplash.com/de/@h8velial

To date, there are only a small number of storage projects in Europe! that are
operational or for which a final investment decision? has been taken.

Current and planned injection capacities in Europe! from projects that are operational or for — Projects in operation represent a total

which a final investment decision? has been taken. injection capacity of approx. 4 Mt CO,/year.
[Mt CO, /year] — Based on final investment decisions (FID),
ER an additional injection capacity of approx.

""""""""""""""" U 15 Mt CO,/year is expected by 2030, most
of which is located outside the EU.

Net Zero Teeside, UK

— Not all projects contribute to decarbonising
industry. Four of the projects currently in

Liverpool Bay operation capture CO, from natural gas
ORISR [ production and therefore do not store CO,
=] Projects storing from industrial sectors with process
10 CO, from industrial A g
decarbonisation emissions.
Northern Lights . . . g
Phase 2, 0 — Projects already in operation have existing
R offték.e agreements with CO, ejmltt.ers.
Additional CO, storage potential will
> Porthos EU ShEene require project expansions or new projects.
. Mammoth Project, IS
= Narthern Lights Orca. IS
S I Phase 1,NO . . S
= CO, EOR Project Croatia, EU RS EWENRER T Projects storing
‘g,- Snohvit NO Phase 1, EU €0, from natural
o Sleipner NO gas extraction

18 | !European Economic Area (EEA) and the United Kingdom. 2 As of January 2026; the storage data is based on existing literature and own calculations; see slide 70 in the appendix. Agora ‘ “ 6ko-|ns‘|‘i'|‘u1‘
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In the advanced development stage, large-scale projects dominate the project pipeline.

Current and planned CO; injection capacities in Europe?! up to advanced development stage — Eight projects are currently in operation, and
and injection targets? five have reached FID.

[Mt CO,/year] —> Across Europe?, 13 projects

140 140 (approx. 53 Mt CO,/year) in an advanced

stage of development aim to go into
operation in 2030, and 15 projects (approx.

120 120 .
e 108 Mt CO,/year) in 2040.
—
100 00 = *  The growth to be achieved by 2040 is
I largely driven by expanding existing
- projects.
80 so o N
- * Half of the potential injection capacity is in
- the UK and Norway.
60 60 .
- — To achieve the 2030 EU target of
EU 2030 (NZIA injection target) - 50 Mt CO,/year (NZIA), nearly all projects at
40 40 an advanced stage of development must reach
FID by 2027 and then be realised.
20 0 * Storage sites in Norway and the UK do not
I count towards the EU injection target, as
0 0———_ per Article 20(1) of the NZIA3.
2025 2030 2035 2040 2045 2050 2040
1European Economic Area (EEA) and the United Kingdom 2 As of July 2025
3 “An annual injection capacity of at least 50 million tonnes of CO, shall be achieved by 2030 in storage sites, meaning geological storage sites permitted under Directive 2009/31/EC including depleted oil and gas Ago ra e 6'( I N
19 | fields and saline aquifers, located in the territory of the Union, its exclusive economic zones or on its continental shelf within the meaning of the United Nations Convention on the Law of the Sea and which are not Industry o-Institut
combined with Enhanced Hydrocarbon Recovery.” NZIA Art. 20(1)



Further project announcements are subject to considerable uncertainty; strategic
decisions should primarily be based on advanced-stage projects.

Current and planed CO, injection capacities in Europe! and required - In addition to projects at an advanced stage
storage capacities (EU and UK)? of development, there are many project
announcements.
[Mt CO,/year]
350 — Development of these projects is less
5 advanced, so their implementation is
C0, storage targets: , considerably more uncertain.
300 Planning

@ EU 2030 (NZIA injection target) . .
® EU (ICM 2024) — These are often extensions of projects that

@ UK (CCC 2025) are currently at an advanced stage of

@ EU+UK development. Consequently,
implementation of these project

2l ® announcements is conditional on the

success of the first phase of these projects.

250

150 Early development — A sufficiently robust strategic basis for
political and business decisions from 2030
onwards should therefore primarily be
projects at an advanced planning stage —
although these also remain subject to
significant uncertainty regarding their
implementation.

100

50

0 Operational
2025 2030 2035 2040 2045 2050

Climate Change Committee (2025), Seventh Carbon Budget; European Commission (2024), Towards an ambitious Industrial Carbon Management for the EU, COM(2024) 62 A ora o o
20 | » European Economic Area (EEA) and the United Kingdom 2 As of July 2025 glndusw “ Oko-Institut



All projects are subject to significant technical and financial risks —
a delay to or reduction in the storage ramp-up is plausible.

Current and planed CO; injection capacities in Europe! and required — Two risks in particular will determine
storage capacities (EU and UK)? whether the project pipeline is achieved:
[Mt CO,/year] 1. Delayed ramp-up: An analysis of
350 planned CCS projects already shows
5 delays of several years in project
00 CO:storage targets: E— development. Similar delays in putting
® EU 2030 (NZIA injection target) large-scale projects into operation can
: Ei E'CCC"Q ;8;;; also be seen in other areas, such as
0 @ euruK ® ® hydrogen and electricity grid expansion.

2. Reduced ramp-up: Increases in the costs
of technologies and services that exceed
the rate of inflation are driving up

150 b e project costs and mean the project risks

being abandoned for economic reasons.

In CO, storage projects, there is also the

risk that injection capacity will ultimately

be lower than planned.

200 P

100

50

0 Operational
2025 2030 2035 2040 2045 2050

Climate Change Committee (2025), Seventh Carbon Budget; European Commission (2024), Towards an ambitious Industrial Carbon Management for the EU, COM(2024) 62 A ora PRy o
21 | 4 European Economic Area (EEA) and the United Kingdom. 2 As of July 2025 g “ Oko-Institut
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CCS can only make the necessary contribution to European climate targets if injection
capacity is ramped up steadily.

Targeted ramp-up, taking into account inertia and success rates

[Mt CO,/year]

350
o
CO, storage targets: )
300 L Planning
@ CU 2030 (NZIA injection target)
@ EU (ICM 2024)
550 @® UK (CCC 2025) PY PY
@ EU+UK
200
150
Target-compatible ramp-up
based on existing constraints
100 and expected success rates
50
0 Operational
2025 2030 2035 2040 2045 2050

22 | Climate Change Committee (2025), Seventh Carbon Budget; European Commission (2024), Towards an ambitious Industrial Carbon Management for the EU, COM(2024) 62

The ramp-up of injection capacity is likely
to progress more slowly and reach lower
levels than the project pipeline suggests.
Exponential growth is not to be expected.

Strategic planning should therefore
assume a roughly linear ramp-up of
injection capacity.

To achieve the required injection
capacities, it is necessary to begin scaling
up CO, storage.

This requires rapid development of the
regulatory framework for the entire CCS
value chain (see section on regulation).

Due to the limited injection capacity,
particularly in the early stages, CCS must
be focused on core applications: cement,
lime, thermal waste treatment and, in the
longer term, CO, removal (CDR).

Agora ‘ @ Oko-Institut
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The North Sea will become the main CO, storage area in Europe,

with the UK playing a central role.

Project status

Advanced development
® FD
@ Operational

Injection capacity
[Mt CO,/year in 2030] @

@51030 ®

EU
B EFTA
Exclusive Economic Zone (EEZ)

23 | Figure: Agora Industry and Oko-Institut (2026)

The map shows injection capacities in operation and at an advanced
planning stage in 2030.

The UK, Norway, Denmark and the Netherlands are planning the
highest injection capacities by 2030 (however, a final investment
decision has only been taken for a few projects).

This will make the North Sea the central CO, storage region
in Europe.

Why is storage focusing on the North Sea?
* Well explored due to decades of oil and gas production

* The Mediterranean region offers worse geological conditions for CO,
storage. Its location in the tectonic boundary region (between the
Eurasian and African plates) and close to the tectonically active
Alpine region increases the risk of stress and faults underground.
This presents additional technical hurdles.

Injection capacity in the UK accounts for approximately 40% of the
storage capacity planned in Europe by 2030. These storage sites are
currently not eligible towards the NZIA target, nor would the current
legal framework allow CO, storage in the UK to count as a mitigation
option under the EU ETS.

Agora Oko-Institut
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The infrastructure required to store Europe’s CO, in the North Sea is on a scale

comparable to today’s natural gas production.

Planned projects

Project status

® Advanced
development

® riD
. @ Operational

Injection capacity
® [Mt €O, /year in 2030]

L - @51030

PY EU
M eFTA

Exclusive Economic
Zone (EEZ)

Figure: Agora Industry and Oko-Institut (2026)

24 | 'Xodus (2025): Forecasting the North Sea CCUS Infrastructure to 2050. Aberdeen. Link

Cost-optimised development of

CO, storage in the North Sea region in 2050!

Existing Pipeline Network
— Existing Trunkline
— Proposed Trunkline
— Proposed Interconnector
Proposed Pipeline
CCS Stores 2050
Condensate Field
Ml Gas Field
Qil Field
Il saline Aquifer
CCS Storage (capacity in MT)
o 10
O 50
O 100

By 2050, the project pipeline shows
51 projects with an annual storage volume of
approx. 310 Mt CO,.

Cost-optimised calculations! indicate that over
100 projects will be needed to achieve an injection
capacity of 300 Mt CO,/year by 2050.

The discrepancy between these two estimates
highlights a structural uncertainty regarding
the number of projects required by 2050.

However, the range of 50 to 100 projects also
implies that, by 2050, storage projects and the
associated infrastructure will need to be developed
on a scale comparable to today’s natural gas
production in the North Sea, both in terms of the
number of projects and the infrastructure required.
In some cases, however, existing gas production
infrastructure can be repurposed.

This scale-up of CCS projects must take place within
20 years.

Ag ora ‘ Oko-Institut


https://www.xodusgroup.com/response-forms/forecasting-the-north-sea-ccus-infrastructure-to-2050/

Infrastructure requirements
Interim conclusions on CO, storage




Project development phases of offshore transfer and storage

26 |

Interim conclusions on CO, storage: Long lead times and risks must be considered when
assessing the expected annual storage capacity.

The project development timeline for new CO, storage projects is,
at best, six years until the first commercial injection. On average, new
projects are expected to take around ten years to reach this stage.

To increase injection capacity at existing CO, storage sites, a project
development period of four to six years can be expected.

There are specific implementation risks at the back end of the project
development, i.e. once injection starts, due to the risk of unexpected
geological behaviour in the reservoir. In this respect, the way risks are
distributed over the project timelines differs for CO, storage projects
compared to other large-scale decarbonisation projects such as offshore
wind farms or electrolysis.

Ramp-up of injection capacity

In Europe, eight CO, storage projects with an injection capacity of
approximately 4 Mt CO,/year are currently in operation. More than half
of the injection capacity is used to store CO, from natural gas processing
and does not therefore contribute to the decarbonising of industry.

Based on final investment decisions (FID) for five projects or project
extensions, an additional injection capacity of approximately

15 Mt CO,/year is expected by 2030, the majority of which is located
outside the EU.

To achieve the EU’s injection target of 50 Mt CO,/year by 2030, almost
all projects at an advanced planning stage would need to go into
operation and achieve their targeted injection capacity. Storage sites in
Norway and the UK would have to be included. The project pipeline is
heavily dependent on large-scale projects — delays or technical difficulties
in individual projects can cause a substantial reduction in the total
available injection capacity.

Agora
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Infrastructure requirements
Transport




Different CO, transport options: pros and cons and the role they play role in ramping up
CO, infrastructure.

Onshore transport: Offshore transport:

o | ey | D O

Pipeline Barge Train Offshore pipeline Ship

— Which transport options are suitable for different CO, streams?

— How much do the respective transport options cost, and what
are their techno-economic characteristics?

-  What flexibilities do the respective transport options offer for
a modular ramp-up?

— How should the various options be assessed in terms of
planning needs, reliability and transport continuity, as well as
in terms of financing requirements?

— What other risks must be considered when using them?

— What opportunities arise from hubs as key nodes between the
various transport modes?

28 | Photos: left: © Niteshift; middle: © Georg Eiermann | Unsplash.com; right: © gribgrab | Unsplash.com Agora t “ 6ko-lnstitut
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https://commons.wikimedia.org/wiki/User:Niteshift

Main options for transporting CO,

Onshore transport Offshore transport

460 total train loads; round trip with 3 full trains, 36 wagons each

§

460 total train loads; round trip with 3 full trains, 36 wagons each

FH
¥

Offshore pipeline

I

r~
COz'}
Onshore pipeline

1 onshore pipeline with a diameter of 20-30 cm, with a pumping station every 200 km 1 high-pressure offshore pipeline with a diameter of 20-30 cm

1,000 barge shipments; rotation with 10 vessels

¥

Offshore pipeline

I

460 total train loads; round trip 1 onshore pipeline with a diameter of 20-30 1 high-pressure offshore pipeline with a diameter of 20-30 cm

with 1 full trains, 36 wagons cm, with a pumping station every 200 km

29 | Transport capacities are based on literature and own calculations; see slides 71 and 72 in the appendix for methodology and sources.

100 ocean-going vessel loads; round-trip with 1 vessel

1 high-pressure offshore pipeline with a diameter of 20-30 cm

100 ocean-going vessel loads; round-trip with 1 vessel

Example:

CO, emitter with
- ~ 1 Mt CO,/year captured CO,

- ~ 500 km onshore transport
(e.g. central Germany to
Wilhelmshaven)

- ~ 500 km offshore transfer
(e.g. to the Greensand storage
facility)

For ships and trains:

The longer the route, the more individual
ships or trains are required to transport
the CO,, as the same train or ship can
make fewer trips.

Industry
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Onshore transport




Onshore transport — overview of options

Costs

[EUR/t CO,-km, CAPEX/
OPEX for 500 km transport]

0,01-0,09

Pipeline EUR/t CO,-km
SV e—
CAPEX OPEX
EUR 5-45/t CO, for 500 km
0.07-0.15
EUR/t CO,-km
CAPEX OPEX

EUR 35-75/t CO, for 500 km

~0.08

EUR/t CO,-km

CAPEX
~EUR 40/t CO, for 500 km

OPEX

Ramp-up flexibilities

Modular ramp-up, advance planning

To realise economies of scale, advance planning of
route design and sizing is required

Long lead times for planning and permitting
Requires reliable planning frameworks for a phased
approach

Gradual ramp-up possible by using additional
pumps

- Use of established technology with wagons already

%

N2

available today

Advance planning required at hubs and rail
infrastructure for loading and unloading

Flexible ramp-up possible, as capacity can be
expanded by adding wagons and trains; however,
partly limited by rail connection capacities to
industrial sites and loading facilities

Ramp-up requires investments in wagon
manufacturing capacity

Advance planning required for port infrastructure
Scalable by vessel, with ship production possible
with a lead time of two to three years

Additional infrastructure tailored to ship type and
capacity required (including liquefaction and
intermediate storage)

Use case

- The most cost-effective
and efficient option for
transporting large volumes
of CO,; however, a clear
and robust target model is
required

Good scalability
Available technologies
Transport option that can
be ramped up quickly
using existing rail
connections, with
comparatively low capital
intensity and high
flexibility

NN 2

- Cost-effective transport
option at locations with
access to waterways,
reliable water levels and
short distances to coastal
hubs

9

9

Main risks

Cash flows are subject to structural
risks due to the uncertain ramp-up
of feed-in volumes into the grid
Ramp-up dynamics, delays or
shortfalls in transport volumes have
a significant impact on network
usage costs

Additional strain on rail
infrastructure, in competition with
other rail traffic, must be assessed
Competition for capacity utilisation
between newly developed rail and
conditioning infrastructure and
pipelines

Leakages in low-lying areas must be
ruled out

Dependence on water levels
requires buffer capacities or
alternative transport modes
Competition for capacity utilisation

1 System boundaries: Costs of constructing and operating an onshore pipeline with pumping stations. The first compression stage is not included in the costs; 2 System boundaries, lower range: including infrastructure for

31 |

unloading infrastructure.

loading and unloading, but excluding conditioning for rail transport at the departure and destination stations; upper range: Costs of constructing and operating conditioning facilities, intermediate storage and filling
infrastructure, wagons, traction and track access charges, as well as low transport volumes; 3 System boundaries: Costs of constructing and operating conditioning facilities, intermediate storage, vessels and loading and

Key players

- Manufacturers: various
companies specialising in
pipelines and pumps

- Operators: current natural gas
network operators (e.g. OGE,
Fluxys)

- Rail infrastructure, e.g.
InfraGo

- Tank wagon manufacturers
and operators: VTG, GATX,
Wascosa, Ermewa

- Operators: specialist rail
freight companies

- Manufacturers: Unibarge,
Victrol

- Operators: freight companies,
small fleets or individual

between newly developed port companies
infrastructure and pipelines
Potentially high specificity of vessels
for the respective waterways
Agora Oko-Institut

Industry
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1. Most cost-effective option for large transport

2.

Pipeline

Cost structure

volumes: EUR 0.01-0.09/t CO,-km

Predominantly CAPEX and financing costs

(>90%)

Substantial economies of scale:

* Material intensity increases linearly whilst
throughput grows quadratically

* Right-of-way (up to 15% of total costs for
small diameters) and civil engineering and
restoration costs are largely independent
of capacity

Technical limits of economies of scale:

Largest expected pipes with

a diameter of 700 mm (DN 700)

have a capacity per pipeline of

20-30 Mt CO, /year — for larger volumes, an

additional pipeline must be laid

1. A high degree of planning is necessary:

Pipelines require proactive planning regarding
location, timing and volume to achieve
economies of scale in route planning and
sizing. Additionally, early bundling of multiple
emitters is advantageous

. Long lead times for planning, approval and

construction: A gradual expansion is
challenging and dependent on political and
economic conditions

. Gradual ramp-up possible to a limited extent:

Pipeline capacities have some upside
potential by adding additional pumping
stations, which significantly increase
throughput. However, larger expansions
generally require new pipelines

Cost-efficient transport option when volumes and connections are
clearly defined — but requires planning.

Ramp-up flexibilities Ramp-up risks

. Intertemporal cost allocation and utilisation

problem: Due to the high initial costs and long
lifespan of pipelines, they should be sized for
long-term expected transport volumes.
However, this results in higher specific costs
until full utilisation is reached, requiring a
mechanism to spread out the cash flows over
time

. Counterparty risks: Due to the geographic and

volume-related constraints involved in
pipeline construction, they are particularly
sensitive to delays or cancellations of injection
capacities. This effect is amplified in a cost-
regulated infrastructure with non-
discriminatory network access

Agora
Industry s

Oko-Institut
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Rail

Cost structure

1. Cost-effective even at smaller volumes,

though only limited economies of scale can
be achieved

. Transport is OPEX intensive: the rail logistics

provider’s fees make up the majority of
OPEX. These include costs of locomotives,
staff and energy, as well as rail network
tariffs. Additional costs arise from EU ETS
monitoring and reporting obligations

. In addition, there are capital and operating

costs for constructing and operating
conditioning facilities, intermediate storage,
filling infrastructure and tank wagons.
Overall, unit costs amount to

EUR 0.09-0.15/t CO,-km. CAPEX costs
account for 30 - 40 % of these costs. Railway
infrastructure charges only account for
around EUR 0.01/t CO,-km.

using existing rail infrastructure and wagon
fleets lowers the risk of stranded assets.
Large-scale deployment of CO, transport by
rail would require wagon manufacturers to
invest in new production capacities.
Nonetheless, comparatively short contract
durations are expected to be achievable.

. Longer-term commitment to rail transport

arises when new rail infrastructure,
liquefaction and filling facilities and
intermediate storage need to be constructed
or expanded at the emitter’s site. Permitting
and construction of private connections to the
rail network take around four years

. Large parts of this infrastructure will no

longer be needed if a long-term switch to
pipelines is pursued

1.

2.

Can be deployed quickly and flexibly thanks to existing infrastructure and
entails comparatively low capital costs — but limited economies of scale.

Ramp-up flexibilities Ramp-up risks

1. Flexible and rapidly scalable ramp-up option:

Additional strain on rail infrastructure in
competition with other rail traffic: additional
pressure on rail capacity (e.g. Rhine Corridor)
in the short to medium term, though partially
offset by the decline in fossil fuel transport
requirements. Considering future CO,
transport needs, rail capacity can also be
expanded in the long term

Special requirements for route planning
through low-lying areas: Due to its higher
density compared to ambient air, in the event
of leaks CO, would initially accumulate near
the ground and could impair oxygen uptake in
humans and animals. Generally, the CO,
would disperse quickly. However, in low-lying
areas (e.g. valleys) the CO, would linger for
longer and could represent a real hazard for
humans and animals

Agora
Industry .
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Barge Suitable only for locations with port access and stable water levels.

1. Cost level: At around EUR 0.08/t CO,-km, the 1. Restricted to suitable locations: In most cases 1. Dependent on water levels:

costs of inland shipping are between those of limited to sites with existing and adequate Risk of transport restrictions or interruptions
pipeline and rail transport port infrastructure. Currently, only five due to high or low water levels:

2. Investment and operating costs roughly cement plants in Europe have a port * Requires buffer capacities or alternative
balanced: the CAPEX share is around 45% (at connection?, and only a small number of transport options, thereby increasing costs.
8% WACC) waste treatment facilities are supplied by * Climate change increases the uncertainty

3. Key cost drivers that must be considered waterway. Building new ports entails lengthy regarding the future state of waterways
when designing the transport chain and planning and permitting procedures 2. Barges are highly specific:
account for 50% of investments costs: 2. CO, hub connection required for offshore Vessels are adapted to the specific conditions
* Liquefaction plant — high upstream transport (barges are not seagoing vessels) of waterways (permissible widths/heights,

pressure reduces liquefaction costs by a 3. Scaling possible on a ship-by-ship basis ship’s draft), resulting in limited flexibility for
factor of four to five * A 1,000 t CO, -capacity barge covering 200 repurposing or alternative routing.
* Intermediate storage km transports approx. 0.1 Mt CO,/year. Consequently, these vessels are expected to
* Loading and unloading infrastructure * CO, barges are not yet in use; according to have a low residual value

manufacturers?, production is possible with
a lead time of two to three years

) ) ) ) ) ) ) .. .
34 | VDZ (2024): Requirements for CO, infrastructure in Germany (in German). Link Agora ' e Oko-Institut

2 For example Unibarge und Victrol Industry


https://www.vdz-online.de/fileadmin/wissensportal/publikationen/zementindustrie/VDZ-Studie_CO2-Infrastruktur-Deutschland.pdf

Hubs as key nodes connecting
different transport modes




f}é Hubs as central nodes — while they leverage the advantages of different transport
modes, hubs themselves represent a highly specific infrastructure.

Cost structure Ramp-up flexibilities Ramp-up risks

1. Costs are determined by the CAPEX of the respective transshipment 1. Scalability: The different transport modes 1. Capacity utilisation risk:

infrastructure and the CO, conditioning required for onward converging at the hub vary in terms of how As with the transport
transport. For example, transfer from rail to pipeline requires, in well they can be scaled or built up modes, there is a capacity
addition to the respective connections, recompression of the CO, to gradually: utilisation risk for the
condition it for pipeline transport; at port terminals, this incurs costs * The shipping side of the hub can be respective transshipment
of EUR 15-21/t CO,, with capital costs accounting for 80% of the scaled relatively easily by extending to infrastructures. This
total. Conversely, when transferring from pipeline to ship, the CO, the berth but must be adapted to the means that, as with
must additionally be cooled, while the pressure can be reduced. By vessel type and capacity pipelines, returns on
contrast, at temperature and pressure levels common today for ship * Pipeline and rail connections are subject investment are
and rail transport, no reconditioning is required to the lead times for planning, associated with structural
2. Sufficient storage capacities must additionally be available for permitting and implementation risks
volume aggregation and buffer storage. Variable costs are incurred mentioned in the preceding sections.
for cooling and/or recompression as well as for operating these Expansions can only be realised on a
storage facilities track-by-track or pipeline-by-pipeline
3. Economies of scale can be achieved by appropriately sizing the basis

conditioning plants and storage facilities

36 | Agora t & Oko-Institut
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Offshore transfer to the storage site




Offshore transport to the storage site — overview of options

Costs

[EUR/t CO,km, CAPEX/
OPEX for 500 km transport]

0.01-0.06

EUR/t CO,-km

CAPEX OPEX

Pipeline
NEA

EUR 7-28 /t CO, for 500 km

0.04-0.08
EUR/t CO,-km

CAPEX OPEX
EUR 20-40 /t CO, for 500 km

38 |

Ramp-up flexibilities

Modular ramp-up, advance planning

- To achieve economies of scale,

>

advance planning of capacity is
necessary

Does not allow for a step-by-step
approach or modular scale-up

Advance planning regarding CO,
hubs is necessary

Further infrastructure tailored to the
vessel type and vessel

capacity (including liquefaction,
intermediate storage)

Flexible ramp-up: capacity can be
expanded on a ship-by-ship basis

Use case

- If appropriately sized, this is the
option with the lowest transport
costs

-> Easier scalability
compared to pipelines
-> Feasibility proven: existing ship
design and ships already delivered
- Reduced financial risk
on investments due to potential
subsequent use of assets

vy

Main risks

Impact on marine ecosystems
Potential bottlenecks regarding
specialised vessels for pipeline
construction

Delays due to necessary cross-
border cooperation and competition
for the use of routes in EEZs

Can constitute natural monopolies
requiring a regulated cost and
access regime

Additional emissions from leaks and
fuel consumption increase the
overall lifecycle CO, emissions of the
CCS value chain

1 System boundaries: Costs of constructing and operating an offshore pipeline with pumping stations. The first compression stage is not included in the costs; 2 System boundaries: Costs of constructing and
operating conditioning facilities, intermediate storage, the vessel and loading and unloading infrastructure

Agora [

Key players

Manufacturers: various companies
for pipelines and pumps; specialised
vessels for offshore pipeline
construction,

e.g. Allseas, Saipem, McDermott,
Subsea?

Operators: In most existing and
planned projects, the storage
operator also operates the offshore
pipeline

Manufacturers: e.g. DSIC

(Northern Lights)

Operator: in most existing and
planned projects, the storage
operator also operates the deep-sea
vessels. Where necessary, this is
carried out via further
subcontractors

Oko-Institut
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Offshore
pipeline

Cost structure

1. Similar cost range and cost structure to

onshore pipelines (EUR 0.01-0.06/t CO,-km),

but offshore pipelines are significantly more

expensive for the same diameter:

* Expensive specialist vessels are required to
lay pipelines.

* The high operating pressure (to avoid
compressor and pumping stations) results
in higher material requirements

. Repurposing of existing oil and gas assets:

Platforms, metering equipment and wells can
in some cases be used or partially co-used for
pipeline connections and storage. The oil and
gas pipelines themselves are in many cases
not suitable for repurposing due to the
corrosive properties of CO, and the high
pressures required.

1E.g.: Allseas, Saipem, McDermott, Subsea7

economies of scale: Offshore pipelines are
predominantly planned as point-to-point
connections between onshore CO, hubs and
offshore hubs or storage sites. Routing must
be aligned with potential future CO; inflows

. Interaction with storage development is

critical. If the economic viability of each
expansion stage is tested separately, capacity
expansion will be realised through new
pipelines rather than infrastructure that is
oversized from the outset

. Graudal or modular expansion is technically

almost impossible, as throughput capacities
can only be increased to a limited extent by
adjusting pressure

Cost-efficient when appropriately sized, but with a substantial need
for coordination and alignment.

Ramp-up flexibilities Ramp-up risks

1. Forward-looking sizing is necessary to realise 1. Delays due to necessary cross-border

cooperation: Cross-border CO, transport
projects increase the need for coordination
and alignment, even if instruments such as
PCI/PMI can provide support

. Competing uses in the North Sea: Large parts

of the EEZ are already designated for other
purposes (e.g. marine protection areas,
fisheries, wind farms). Even where basic
spatial planning has already been carried out,
this can delay the planning of new pipelines

. Potential bottlenecks in specialist pipeline

laying vessels. Several companies are active in
offshore pipeline laying;' however, if a larger
offshore network is to be built up in parallel,
capacity bottlenecks could arise

Agora
Industry s

Oko-Institut



Proven and scalable on a ship-by-ship basis — but dependent
on hubs and future ship sizes.

Cost structure Ramp-up flexibilities Ramp-up risks

1. Cost level similar to pipelines (EUR 0.04— 1. Transport scalable on a ship-by-ship basis. 1. Impact on the overall CO, balance
0.08/t CO,-km). CAPEX accounts for 45% (at Already available: ships in the low and medium through additional emissions from leakage
8% WACC), split roughly equally between the pressure range? are in operation in other and fuel consumption:
vessel itself and liquefaction, intermediate applications, though repurposing to CO; is * ~2.5% additional emissions at 1 Mt
storage and loading/unloading infrastructure. costly/complex CO,/year over 1,000 km (~1.5% due to
High upstream pressure (e.g. from a pipeline) 2. Infrastructural requirements for ships: LNG as a ship fuel, 0.5% to methane
reduces liquefaction costs to 20—-25% * CO; hubs for transshipment are required both slip)
2. Distance and transport volume are the onshore and at the storage site. Particularly * Boil-off leakage of 1-2% of transported
decisive parameters for the number of onshore, regulatory lead times for port CO, per 1,000 km
vessels required. 1 Mt CO,/year over 700 km infrastructure must be considered in addition 2. Potential subsequent use of ships to
requires two vessels of 10,000 t CO, each to technical pre-planning transport other cryogenic gases could
(corresponding to the scale of Northern * Ship-specific infrastructure required: The sizing increase their residual value
Lights in Norway') of liguefaction plant and intermediate storage 3. Ship capacities: There are feasibility
3. Large vessels (> 10,000 t CO;) in the medium depends on the design pressure and capacity of studies for significantly larger ships.
pressure range tend to be uneconomical, as the ship, and must be adapted to round-trip Such ship designs increase the costs of
standard modules cannot be used and a times and CO, volumes cooling and handling CO,. For designs
more complex ship design is required with higher pressures, increased material
requirements represent a significant cost
driver

1 The project will utilise four ships with a capacity of ~7,900 tonnes 2 The relationship between pressure and temperature results in typical design levels with specific advantages and

40 disadvantages: the higher the pressure, the lower the cooling requirement, but the higher the demands on materials and vessel geometry; low pressure level: ~5.2—-10 bar at ~-40 to -55 °C, density: ~1,150 kg/m?3, Agora e 6'( Institut
| currently used to transport cryogenic gases without active cooling, such as ammonia, LPG or propylene; medium pressure level: 14—20 bar at -20 to -30 °C, density: ~1,050 kg/m?3, currently used to transport pressure- Industry o-Institu
liquefied LPG; high pressure level: 45-70 bar at 10-30 °C, density: ~600-860 kg/m?; 3 e.g. ~58,000 t CO, from Hoegh Evi, Aker BP and Moss Maritime, with low pressure level



Infrastructure requirements
Overview of costs for onshore
transport, offshore transfer and

storage
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In the medium term, costs of EUR 100 to 150/t CO, can be expected for the offshore
transfer and storage of CO, — with limited potential for cost reduction.

Costs of offshore CO, transfer and storage: — Based on market data, the current cost level for offshore CO, transfer
Based on cost indicators from market data providers and and storage is between EUR 80 and 110/t CO,.
planning data from individual projects, the range of costs for CO, transfer — Observed cost increases are expected to continue: over the past five

and storage can be estimated. years, cost increases for key components of plant and infrastructure

For this part of the CCS chain, cost levels have significantly increased construction have in some cases exceeded general inflation by as
(2 50%) in recent years. much as 40%?2, with no reversal in sight.
[EUR/t CO,] lzrveevlious n”epv‘i?ted — For this reason, the medium-term costs for offshore storage including
transfer are expected to reach approximately EUR 100 to 150/t CO,.
Argus . . .
S, ot st Ee) 7| 56 EUR - The |?otent|al for reducing the costs .of offshore CQZ storage is
considered low because the underlying technologies are already
Danish CCS fund 45 EUR /67 EUR highly mature. Conversely, as offshore storage scales up, cost increases
(2024, cost basis unclear) Onshore Offshore are anticipated from less optimally located storage sites which are
E-Bridge farther from the coast and located at greater depths.
(HydexPlus Blue 2024, based on 7' 91 EUR — Lower costs could potentially be achieved with onshore storage.
reference projects and market insights) . . . .
However, reliable cost estimates from advanced large-scale projects in
Project Porthos Europe are currently lacking. Furthermore, significantly longer lead
(2023, Netherlands, project 7' 81 EUR . b df h .
revaluation) times must be expected for onshore storage projects.
Project Aramis 91EUR/113 EUR
(2024, Netherlands) Pipeline Ship
1 Conversion from USD to EUR: 1.08 USD/EUR 2 EWI und BET (2025): Energiewende. Effizient. Machen. Monitoringbericht zum Start der 21. Legislaturperiode; Figure 26.: Cost increases: Q1 2021 zu Q2 2025: Laying Agora

underground cables: +60 %; Structural works: +30 %; Electrical appliances>.1000 V: +30 %; Electrical transformers: +60 %; Consumer price index: +20 % (in German) Industry s Oko-Institut



First storage projects are underway — publicly available injection tariffs reach into the
three-digit range

The two most advanced projects feature very different transport chains and, consequently, very different cost levels.

Porthos (Netherlands) Aramis (Netherlands)

¥, EUR 81/t CO, ¥, EUR 91-113/t CO,

— Collector pipelines (a few kilometres) — Tariff for transport and storage at 5 Mt CO2/year
- 23 km subsea pipeline — Storage possible via two routes
— Storage in a depleted gas field operated by TAQA * Dense phase by ship via CO, Next terminal
* Gaseous phase via pipeline
- 200 km offshore pipeline

— Offshore distribution hub (connection to multiple
potential storage sites)

43 | For Aramis: xodus (2024) 2024 SDE++ Aramis Carbon Capture and Storage Fee Review, Link Agora “ 5ko-lnstitut
For Porthos: Own calculations based on xodus (2020) Porthos Ccs — Transport And Storage (T&s) Tariff Review, Link and Netherlands Court of Audit (2024), Link Industry


https://open.overheid.nl/documenten/e6b7b594-c0a4-44c3-8546-788bdc9cd68e/file
https://zoek.officielebekendmakingen.nl/blg-947442.pdf
https://english.rekenkamer.nl/site/binaries/site-content/collections/documents/2024/03/28/carbon-storage-under-the-north-sea/PAC21+ENGELS+rapport+Porthos.pdf
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Estimated cost range for CO, transport and storage
Total costs range from EUR 105 to 260/t CO,

L

™
CO;}
By rail: EUR 35-75/t CO,

™
CO;}
By onshore pipeline: EUR 5-45/t CO,

r 1 n
coz} (HE80%7
By ship: ~EUR 40/t CO,

Costs for onshore transport are based on existing literature and own calculations; see slides 71 and 72 in the appendix for methodology and sources. The costs for transfer and storage are shown on slide 42 and are

Cost estimate for transport & storage
(including any necessary handling & compression)

~EUR 100-150/t CO,

By offshore pipeline

?% By offshore pipeline

based on real-world projects. The total costs shown here are therefore an initial estimate of the total costs for transport and offshore storage.

Total costs
Transport & storage

-> EUR 135-240/t CO,

- EUR 105-195/t CO,

-> EUR 140-190/t CO,

Industry
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An overview of the regulatory
framework




To kick-start the CCS ramp-up and develop a CCS market, several key areas must be
addressed in parallel.

CO, transport via o
CO, storage pipelines and alternative @
transport modes )

Cross-border
CO, transfer

1 Ensure legal
7 permissibility

Develop certification
incentive mechanisms

foundations infrastructure build-out SIS, LIS EI02

2 Establish market Develop robust Forward-looking core
& for key sectors standards

@ Topics not yet addressed

Limit market power Pragmatic solutions
an_d establish t.O address Topics are being discussed or
midstream actors first-mover challenges regulatory discussions have begun

3 Support market Pragmatic approaches
C7 development for price transparency

Regulatory requirements are in
) . o place or processes well advanced
Support innovation Improve conditions for

Address the broader ) Standardise and . .
C7 f K across the entire sl [EreEa s o international
ramewor value chain o cooperation and trade

g Link to the relevant section

- These key areas must be addressed in parallel.

46 | Agora ( @ Oko-Institut
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There must be a legal basis for the transport, storage and cross-border transfer of CO,.

Ensurin Y COZ' transport via ° _ ®
1 & cccibhili CO, storage ) pipelines and ° Cross-border
legal permissibility ® alternative transport modes @ CO, transfer [

General background:

— The storage of CO, in geological formations must be legally permitted
— The transport of CO, must be legally permitted

— The cross-border movement of CO, must be permitted under (international) law

a7 | Agora ( & Oko-Institut
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In Germany, the regulations needed to make storage legally permissible are either
already in place or expected in the very near term.

1 Ensuring
S CO, storage
legal permissibility

Germany Europe

— Carbon Dioxide Storage and Transport Act (KSpTG) has been amended — Covered by respective national regulations in relevant countries
(particularly Norway, the Netherlands and Denmark) in the context of

— Corresponding amendments to the “Hohe-See-Einbringungsgesetz” _ s
projects that are already being implemented

(HSEG), which regulates the disposal of materials in the marine
environment, have been implemented - Beyond that, no urgent further action is needed

— Beyond that, no urgent further action is needed at federal level

48 | Agora t @ Oko-Institut
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In Germany, the regulations needed to make transport legally permissible are either
already in place or expected in the very near term.

Ensuring COZ' transport via
L pipelines and
Szl el ey alternative transport modes

Germany: Pipeline transport Germany: Other transport options

— “Carbon Dioxide Storage and Transport Act” (KSpTG) has been amended - CO, as an industrial gas is regulated by the “Gefahrgutverordnung
Strale, Eisenbahn und Binnenschifffahrt” (GGVSEB)

— The GGVSEB references the relevant international regulations (including
ADR, AND, RID)

— Beyond that, no urgent further action is needed

— Beyond that, no urgent further action is needed

49 | Agora ‘ @ Oko-Institut
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In Germany, the regulations needed to make cross-border transfer legally permissible are
either already in place or expected in the very near term.

1 Ensuring Cross-border
legal permissibility CO, transfer

Permissibility of cross-border transfer

— Germany has ratified the amendment to Article 6 of the London Protocol

— Notification of the provisional application of the amendment to Article 6 and submission of the formal declaration to the
International Maritime Organization (IMO) are being pursued in parallel and expected shortly

— Bilateral arrangements in accordance with Article 6 can then take place and are expected in 2026

N2

Corresponding amendments to the “Hohe-See-Einbringungsgesetz” (HSEG) have been implemented

— Beyond that, no urgent further action is needed

Industry
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Establishing CCS value chains will require significant cost gaps to be closed. CCS should
therefore be deployed in a targeted manner.

Establishing Develop robust incentive Forward-looking 4
market foundations mechanisms for key sectors P core-infrastructure buildout °®

Develop certification systems,

norms and standards

Background I: The CCS cost gap

— The cost of the entire CCS value chain (capture, onshore transport,
offshore transfer, storage, monitoring and risk provisioning) is
significantly higher than the cost of purchasing emission allowances —
both during the market ramp-up of CCS and in the longer term.

- Essentially, there are two options to cover this cost gap:
*  public funding (CCfDs, CCS-CfDs, etc.) or
* energy/product markets (green lead markets, quota systems,

mandatory requirements).
— This cost gap range can be estimated based on current cost

assumptions:

* With total CCS chain costs of EUR 150/t CO, to EUR 300 /t CO,! and
effective CO, prices of EUR 80/t CO, to EUR 120/t CO.?, a cost gap of Particularly in the context of limited public budget resources, public

EUR 0.3 to 2.2 billion per 10 million tonnes of CO, needs to be closed. funding and policy support need to be focused on selected CCS
applications (lime/cement and other process emissions, waste

incineration and negative emissions).

Recommendation:

* In 2035 and 2045 respectively, based on the “Climate-neutral
Germany”3 scenario (where 15 and 45 Mt CO,/year are captured
respectively), between EUR 0.5 billion and 3.3 billion per year (2035)
and EUR 1.4 billion and 9.9 billion per year (2045) would need to be
mobilised to close this cost gap.

1 Assumptions: Costs for CO, capture EUR 50 to 150/t CO,, for onshore transport EUR 5 to 75/t CO,, and for offshore transfer and storage EUR 100 to 150/t CO,, A
excluding extreme values from the respective combinations. ora PRy o
510 2 Assumption: Free allocation of emission allowances is phased out g,ndusw “ Oko-Institut
3 Agora Think Tanks (2024): Climate-neutral Germany. From target-setting to implementation



The cost gap should be addressed on the emitters side; this approach should only be
extended to other parts of the value chain in exceptional cases.

Establishing
market foundations

—> Option 1: Targeted support at the site of CO, emission generation,
including a cost assessment of all process steps (see deep dive SDE++)

* Main advantage: early and market-based price signals for the entire
value chain, low free-rider effects and relatively little coordination
required for policy design (regarding policy overlap/free-rider effects,
etc.).

* Main disadvantage: in this option, it is difficult for the policy design to
give adequate consideration to the specific risk profiles' and scaling
characteristics of the individual process steps (especially for the
capital-intensive components with long asset lifetimes). Although
emitters tend to have limited expertise regarding the entire CCS value
chain, it is they who are responsible for coordinating it.

Develop robust incentive °
mechanisms for key sectors °®

Background II: Main policy options — support measures need to be strategically designed

Forward-looking °
core-infrastructure buildout °®

Develop certification systems, :
norms and standards P

— Option 2: Targeted support for individual parts of the value chain (e.g.
capture, transport infrastructure, storage, midstream actors) via
dedicated instruments in each case (financing instruments, planning
measures, insurance solutions, etc.).

* Main advantage: enables specific risk profiles to be planned long-
term and addressed, especially when it comes to scaling up transport
and storage infrastructure.

* Main disadvantage: limited transparency, substantial coordination
required, free-rider effects or insufficient closing of the cost gap, and
possible oversizing of infrastructure.

52 | 1Counterparty risk must be addressed elsewhere; see slide 63

Recommendation: Option 1 should serve as the default model, with support for individual parts of the CCS chain only in explicitly and comprehensively

justified cases, e.g. when developing hard-to-scale pipeline infrastructure.
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Maintaining robust price signals in the ETS 1 is essential; however, a cost gap currently
remains. Additional instruments are therefore required.

Establishing Develop robust incentive
market foundations mechanisms for key sectors °®

Instrument I: EU Emissions Trading (particularly EU ETS 1) Instrument II: Investment/innovation support for individual projects

— ETS allowance prices are currently not sufficiently high to incentivise (CAPEX funding)

CCS as a mitigation option (current and foreseeable ETS prices are likely ~ Specific examples:

to be two to three times too low) - German federal funding for industry and climate protection (“BIK 2”):

* |nvestments: Lime, cement and thermal waste treatment

~ Recommendation: * Innovation: applied R&D, including in the basic chemicals, glass and
* Maintain the ambition level of the EU ETS 1 (including restrictive ceramics sectors

usage of international credits). - EU Innovation Fund (approx. EUR 38 billion for all projects across the EU

* Clarify inclusion of negative emissions (carbon removals) in the until 2030)
short to medium term, relevant for instance for waste incineration
plants.
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Sufficiently funded and technology-specific carbon contracts for difference are
particularly well suited to effectively incentivising the CCS ramp-up.

Establishing Develop robust incentive

market foundations mechanisms for key sectors °

Instrument Ill: Carbon contracts for difference (CAPEX and OPEX support)

— In Germany, CCS is permitted as a mitigation option in CCfDs; however,
limited funding is currently allocated to the instrument.

— Whether CCS projects are successful depends largely on the tender
design, as CCS will remain more expensive than other CO, mitigation
options ( e.g. biomass and heat pumps) for the foreseeable future.

- Recommendation:
* CCfDs should be maintained and backed by comprehensive
funding. Where necessary, its design can be further developed and
simplified.

* Technology-specific auctions for hydrogen and CCS would enable
the targeted use of this instrument to support the ramp-up of
these technologies, but only if backed by sufficient funds.

54 |

Instrument IV: Green lead markets

9

Waste: Additional costs due to CCS are covered via waste disposal fees.
Distributional effects must be politically justifiable.

Cement and lime: Cost premiums due to CCS are passed on via
construction costs, increasing the costs of buildings, infrastructure, etc.
Distributional and public budget effects must be politically justifiable.

Other products: Similar effects and challenges.

Green lead market policies still require further development. Substantial
effort is still needed, for instance when it comes to certification and
incentive mechanisms.

Interactions, particularly with individual project-level support measures
and CCfDs, must be given careful consideration.

Agora t @ Oko-Institut
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Only a CO, price and green markets are sustainable instruments in the long term. Other
approaches should be limited to the ramp-up phase.

Comprehensive pricing
(ambition, allocation, CBAM etc.)
Target policies #1

Operating cost funding for
individual process steps (e.g.
for CO, grid use, subject to
state aid rules)

Transitional policies

Transitional policies:
Short-term instruments that

can be used during the
transition phase.

55 |

Minimum
product
requirements

CO, pricing

OPEX co,
abatement

support

support

CAPEX
support

Investment funding for individual
process steps (subject to state aid
rules) — Transitional policies

Mandatory/voluntary use of CO, -
neutral products (green lead
markets) Target policies #2

Target policies:
Instruments that provide

sufficient incentives in the
long term

Integrated abatement support for all
process steps (CCfDs, subject to
state aid rules). Transitional and,
where applicable, also target
policies #3

— Significant cost gaps need to be closed.

— A variety of supporting mechanisms are
possible, but a systematic and strategic
approach is urgently required.

* Only CO, pricing and green markets
are sustainable mechanisms in the
long term.

* For costly abatement options, longer-
term mitigation support may need to
play a role beyond the transition
phase.

* Investment and operating cost support
are shorter-term options for the
transitional period.

— Clear sequencing and transition
strategies are necessary.

Agora t @ Oko-Institut
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Deep dive subsidy scheme: The Dutch SDE++ scheme contains many provisions that can
be relevant for regulation in other countries and at the EU level.

SDE++: a production/OPEX funding instrument

— Funding instrument in the Netherlands for innovative climate
protection technologies (renewable energy, low-CO, heat and low-CO,
production processes, including CCS)

— Technology-neutral concept within defined categories, designed to
complement, among other things, the EU ETS

— Contracts for difference to compensate the market price (for CCS: CO,
market price), with OPEX support for up to 15 years

— Multi-round tenders (2025: five bidding rounds) with rising maximum
prices; participation and price adjustments are possible across several
auction rounds

— Ranking of bids based on the order of funding applications and by
funding intensity, with a fixed budget cap

— For CCS projects: funding support at the point of CO, capture; the CCS
value chain (CO, transport and storage) must be organised and
contracted from that point onward

— Technology- or value-chain-specific maximum prices based on detailed
business-case calculations

56 | Netherlands Enterprise Agency (2024), SDE ++ 2024, Stimulation of Sustainable Energy Production and Climate Transition, Link

— Total cost approach for different CCS plant and process chain
configurations (capture, transport, transfer and storage):
EUR 150 to 350/t CO, (2024)

— Industrial processes, transport in gaseous phase and CCS at
greenfield installations often involve lower costs.

Reference values (base rates) for different CCS configurations range
between EUR 150 and 350/t CO..
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A robust infrastructure is essential for the ramp-up of CCS. However, many fundamental
decisions have yet to be taken.

Establishing ® Forward-looking =
market foundations core-infrastructure buildout g

Background
— Sufficiently robust infrastructure (transport, storage) is essential.
— CCS-specific challenges:

* Different transport modes with varying degrees of flexibility and different risk profiles compete with one another (particularly
pipelines versus rail transport). While this allows for a multimodal approach, it also requires coordination (hub models).

* Expected and targeted CO, volumes for different time horizons and transport modes are therefore difficult to estimate.

* Regarding business and regulatory models, fundamental decisions still need to be taken or at least anticipated in some areas
(particularly pipelines, merchant models, regulated networks, etc.), also when it comes to phased ramp-up approaches that are
compatible with target models.

* In some areas, the European Union has announced guidelines on fundamental infrastructure issues; however, no concrete
frameworks comparable to those for electricity, gas or hydrogen exist as yet, especially regarding regulation.

Agora | o .
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Key legal frameworks for planning and permitting CO, infrastructure have been or are
currently being established.

Establishing ® Forward-looking
- . . L 4
market foundations core-infrastructure buildout g

Planning and permitting of CO, storage sites Planning and permitting of pipeline-based CO, transport

— Extensive cross-cutting need for action (at EU level): implementation of — Cross-cutting need for action (at EU level): implementation of Article 22
Articles 20, 21, 23 and 24 of the EU Net-Zero Industry Act (NZIA), of the EU Net-Zero Industry Act (NZIA)
including comprehensive fact-finding processes, with results and/or > In Germany, planning approval procedures for CO, pipelines are
further legislative proposals expected from 2027/2028 onwards addressed by the amended KSpTG.

= In Germany, planning approval for CO, storage is addressed by the - Other permitting requirements (spatial planning, etc.) are regulated
amended KSpTG. elsewhere in the legal framework

— Other permitting requirements (spatial planning, water law, etc.) are > Beyond that, no urgent further action is needed

regulated elsewhere in the legal framework

— Beyond that, no urgent further action is needed

Agora o .
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Key legal frameworks for planning and permitting CO, infrastructure have been or are
currently being established.

Establishing ® Forward-looking =
market foundations core-infrastructure buildout g

Planning of non-pipeline transport (rail, ship) in Germany

9

9

59 |

For CO, transport by rail freight, the sectoral analyses conducted for the Federal Transport Infrastructure Plan 2040
consider a transport volume of up to 14.5 Mt CO, to be feasible.

Uncertainties regarding the development of track access fees for rail freight transport represent a significant cost risk for
the entire CCS value chain.

As part of the National Port Strategy for seaports and inland ports, port planning in Germany is required by 2028 to take
into account the development of ports as hubs for carbon management within the framework of the Carbon Management
Strategy, as well as connections to the European CO, network.

There is still a considerable need for further specification in both areas.
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While merchant models currently predominate in the ramp-up of CO, storage, the
regulatory framework for transport infrastructure remains open.

Establishing ® Forward-looking =
market foundations core-infrastructure buildout °

Regulatory model for pipeline-based CO, transport Basic regulatory models

— No fundamental decision — even in terms of a long-term target model — - Merchant models: current approach; flexible models are currently
has yet been taken between merchant models (in some EU Member implemented (e.g. open season processes), with funding measures
States) and a regulated model (e.g. the UK; see deep dive on the next playing a significant role.
slide); continued (long-term) conceptual development, planning and - Regulated system: long-term model; not yet specified in terms of

policy action are still necessary. concept or procedure (e.g. demand assessment: heuristic development

— Under Article 21 of the EU CCS Directive, only general requirements vs. CO; core network vs. CO, Network Development Plan), potentially
currently apply: transparent and non-discriminatory procedures for including provisions for horizontal and vertical unbundling.
access to infrastructure.

- Recommendation for the regulation of pipeline-based CO, transport:

Develop model in phases based on a coherent target model for a regulated system (incentive mechanisms and other regulations should not
hinder the transition to a regulated model), with EU-level perspective being a key decision-making parameter.
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While merchant models currently predominate in the ramp-up of CO, storage, the
regulatory framework for transport infrastructure remains open.

Establishing Develop robust incentive e
market foundations mechanisms for key sectors °

Regulatory and financing model for CO, storage

Forward-looking ® Develop certification systems, o
core-infrastructure buildout °® norms and standards PY

o ) - Recommendations for the regulation of CO, storage
- No fundamental decision — even in terms of a long-term target model —

has yet been taken between merchant models (EU Member States) and * No sgparate funding of stc?rage; subsidies should generally be

a regulated model (e.g. UK); further (long-term) planning and policy provided on the emitter side.

development are still necessary. * The need for specific de-risking of storage projects should be
- Under current EU provisions (EU CCS Directive, NZIA), only general discuss.ed; as faiw as the NZIA F)I?Iigations elre conFerned, the

requirements apply, namely transparent and non-discriminatory necessity of this should be critically assessed, with the penalty

procedures for access to storage. framework (Art. 23 No. 13 NZIA) being decisive.

If merchant models prevail for the time being, a careful analysis of
market power developments should be carried out; based on this,
a potentially necessary target regulatory model (tariff regulation,
vertical unbundling, etc.) should be recommended.
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Deep dive regulatory model for pipelines and storage: the TRI model in the UK

The T&S Regulatory Investment Model (TRI) as a comprehensive infrastructure regulatory model in the UK

— Basic approach: regulated regional monopolies for onshore/offshore * Government Support Package (GSP): covers low-probability but high-
pipelines and storage (Regulated Asset Base (RAB) approach) impact risks (political interventions, liability and regulatory cases, etc.)

— The regulator Ofgem issues licences granting a regional monopoly for that cannot be borne by the market.

transport and storage services to regulated private transport and storage * Supplementary Compensation Agreements (SCA) and Discontinuation
companies (T&SCos), subject to specific obligations. Compensation Agreements (DCA): protect against premature project
termination or fundamental policy changes; SCA is an insurance-like

—> T&SCos are selected through a tender process. _ e . )
mechanism for events where commercial insurance is not available.

— T&SCos allowed revenues are determined via an Economic Regulatory
Regime (EER), covering efficient capital expenditure (Regulated Asset
Base), a regulated return on investment (WACC, higher in the initial
phase) and additional operating expenditures. Tariffs are determined on
this basis and must be paid by CO, capture plants. — These mechanisms apply throughout the technical lifetime of the assets

(typically 25 years) and during the post-closure phase of storage sites (an

additional 20 years).

* Decommissioning Shortfall Agreements (DSA): mitigate the risk of a gap
in the decommissioning fund should provisions and licensing
mechanisms prove insufficient.

— Complemented by various support mechanisms:

* Revenue Support Agreement (RSA): covers demand risks, closing

revenue gaps in case of a shortfall due to underutilisation. — From 2035 onwards, the regulatory model for storage may be replaced by

competitive approaches, while the regulatory model for pipelines is
intended to remain on a permanent basis.

62 | GOV.UK(2025), Carbon capture, usage and storage (CCUS): business models, Link Agora 'O'ko-lnstii'ui
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While closing the cost gap should target the emitter level, additional de-risking of
transport infrastructure may be necessary.

Establishing ® Forward-looking o
market foundations core-infrastructure buildout °

AITEMEE MEEE 17 B2 e meEel e TEmSpert - Recommendation for the financing of pipeline-based CO, transport:

= QoS Te EREmeiE: @ iR feuleten; ot Financing should primarily be provided on the emitter side,

* Indirectly via financing on the emitter side (does not address complemented by targeted infrastructure de-risking through state
infrastructure-specific risks) participation, alongside the development of a target model for the
* Preferential financing options (guarantees, financial safeguards, etc.) regulation of the CO, network.

* State participation and corresponding financing conditions (following
the example of German LNG terminals)

Recommendation for the financing of other transport modes:

Financing should primarily be provided on the emitter side;
specific de-risking isn’t a priority due to the flexibility of non-
— Option for a regulated model pipeline transport options (justification for exceptions to be
* Intertemporal cost allocation models with state guarantees (following discussed).
the example of the amortisation account for the hydrogen core
network in Germany)

* Direct funding through subsidies, etc.
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The development of robust certification systems is already well advanced, but the EU
ETS lacks regulations for the storage of biogenic CO,.

Establishing ® Develop certification systems, :
market foundations norms and standards °

— Certification is comprehensively regulated
* Through the EU CCS Directive for CO, storage
* Through the Monitoring and Reporting Regulation (MRR) under the EU ETS (including rules for the transfer of liability for CO;)
* Through legislation on the transport of dangerous goods, for the activities covered therein

— Need for action: no regulations yet in the EU ETS, and therefore no incentives, for the storage of biogenic CO, (in the context of Bio-
CCS or BECCS)?

64 | 1 Bio-CCS refers to processes for capturing and permanently storing CO, from biomass. This biomass can be used in materials, as a feedstock or for energy; when used purely for energy purposes, the process is Agora e 6ko-lnstitui
referred to as BECCS. Industry



In addition to the market foundations, specific challenges of the early ramp-up phase
must be addressed in a targeted manner, without contradicting the target mode.

Supporting Pragmatic approaches for ° Limit market power ° Pragmatic solutions °
market development price transparency ° and establish midstream actors g to address first-mover challenges g

Market transparency Limiting market power and establishing a Addressing early-action or first-mover
midstream segment disadvantages
— Need for action: Market transparency — Need for action: not yet addressed — Need for action: Not systematically analysed
has not yet been addressed  Non-discriminatory access to infrastructure or addressed; at best, incidental synergies

and storage

* Permissibility of vertical integration /
unbundling for networks and storage

* De-risking midstreamers: aggregating and
matching contract durations and volumes

(platform models, de-risking instruments

- Recommendation: All support schemes for midstream actors, etc.)
should include a requirement to submit
prices and contract terms to a neutral body. - Recommendation:

Structured identification of

- Recommendation: Structured identification
The data should be published in anonymised of key issues, strategy development and
form (cf. corresponding German CCfD

requirements for hydrogen price reporting).

key issues, strategy development
and roadmaps

roadmaps, including explicitly promoting
the establishment of midstream actors.
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Addressing the broader framework: clarification, strategy development and concrete
action are needed in almost all areas.

Addressing the Support innovation : Standardise and Improve conditions for international :
broader framework across the entire value chain ° streamline procedures cooperation and trade °

Support innovation across Standardisation and streamlining Improve conditions for international

the entire value chain of all procedures cooperation and trade

— Including identifying and implementing cost — Including the acceleration of planning and — Including the pragmatic implementation of
reduction potentials, increasing transport permitting processes (e.g. following the cross-border pipelines and the development
safety and ensuring and improving storage example of packages for acceleration and use of storage sites outside the EU
integrity measures in electricity grid infrastructure or

) — Need for action: ongoing, incremental
- Need for action: ongoing, incremental in the hydrogen sector)

— Need for action: ongoing, incremental

- Recommendation: Structured identification - Recommendation: Structured identification - Recommendation: Structured identification

of key issues and development of
roadmaps are advisable

of key issues and development of
roadmaps are advisable

of key issues and development of
roadmaps are advisable
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Conclusions and policy recommendations for the regulatory framework:
an integrated approach is required.

1

CCS plays an important role in achieving climate neutrality, but its contribution is limited in view of the costs and
development timelines of storage sites, transport infrastructure and capture facilities. Targeted deployment of CCS is
therefore necessary and should be reflected in CCS policy measures.

An integrated approach is required: ensuring permissibility, establishing market foundations and initiating market ramp-up
should be pursued in parallel and in a coordinated manner.

Closing the cost gap and providing scalable models for the planning, regulation and financing of infrastructure pose the
greatest challenges for the ramp-up. In this context, a phased approach and “quick-start strategy” are necessary.

Market foundations should be established gradually and in a pragmatic fashion. At the same time, clear target models for
market structures and transparent roadmaps for market initiation and ramp-up are necessary. This requires transparent
stakeholder processes (e.g. following the model of the German “PKNS” to design the electricity market).

Market creation has hardly been addressed to date, but should be considered from the outset in all approaches. This
includes ensuring price transparency, establishing midstream actors to manage counterparty risks and addressing first-
mover disadvantages.
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Methodology to determine the ramp-up of storage capacity

— The potential ramp-up of injection capacity was determined based on the project pipeline of projects currently in operation, under construction or at
the planning stage (project pipeline).
— A database of these projects was compiled based on the following literature:

* European Commission (2024): Tumara, D.; Uihlein, A.; Hidalgo, G. I. Shaping the future CO, transport network for Europe, Publications Office of the European Union, Luxembourg. Available
online https://publications.jrc.ec.europa.eu/repository/handle/JRC136709.

* |0GP - International Association of Oil & Gas Producers (2025): CO, Storage Projects in Europe (May 2025). Available online https://iogpeurope.org/wp-content/uploads/2025/05/C0O2-
Storage-Projects-in-Europe-map May25.pdf.

* Clean Air Task Force: Europe Carbon Capture Activity and Project Map. Available online https://www.catf.us/ccsmapeurope/.

* Global CCS Institute (2024): The Global Status of CCS: 2024. Australia. Available online https://www.globalccsinstitute.com/wp-content/uploads/2025/10/Global-Status-Report-6-
November.pdf.

— The database was also cross-checked and supplemented by information from project websites, third-party reports and news articles.
— Adjustment of primary data:

* One challenge was to estimate when CO, injection could be expected for each project. As of 2025, some of the available information on individual
projects was out of date. If, for example, a final investment decision has not yet been taken, it cannot be assumed that the first injection will take
place within the next two years.

* For this reason, we have adjusted the primary data for project development as follows?:

* Projects with “planning” status as of 2025 —> start of CO, injection in 2031
* Projects with “early development” status as of 2025 -> start of CO, injection in 2030
* Projects with “advanced development” status as of 2025 -> start of CO, injection in 2028
69 | !Seeslides 19-25. Agora 'O'ko-lnstitui
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References and notes on CO, transport

Pipeline

Costs and transport capacity: based on ZEP (2011). No right-of-way costs are taken into account here, and flat terrain is assumed. WACC: 8%; the costs are
specific to Germany, but are merely inflation-adjusted; in reality, they are likely to be significantly higher, as steel is the most important input factor.
Furthermore, significant economies of scale are assumed above 1 Mt CO, /year; it is unclear how necessary compressor stations have been taken into
account.

Barges

Costs: Element Energy (2018) provides figures for the transport of 1 Mt CO, /year over 600 km for different vessel sizes; scaling the corresponding figures
and applying a WACC of 8% vyields costs of: 1,000-tonne vessel - EUR 0.08/t/km; 2,000 t - EUR 0.06/t/km; 4,000 t - EUR 0.05/t/km;
8,000 t and above - EUR 0.04/t/km; For inland waterway transport, the figure for the 1,000 t vessel was used.

Transport capacity: No detailed information on inland waterway vessels is available, so the values for small seagoing vessels were used. Ship design
requirements for inland waterway vessels are lower because they sail in calmer waters; on the other hand, the ship design must take into account the
specific conditions (shallow draught, low superstructure due to bridges).

Rail

Costs: lower range of EUR 0.07/t/km based on VDZ (2024); upper range EUR 0.15/t/km based on Myers et al. (2024) and refers to a transport volume of 0.1
Mt CO, /year; the track access charges were adjusted to the estimate of around EUR 0.01/t/km for Germany, based on the Trassenfinder. Furthermore, the
transport speed was adjusted to around 80 km/h; a WACC of 8% and a payback period of 10 years were assumed.

Transport capacity: based on Fichtner (2024).
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References and notes on CO, transport

References

Element Energy (2018): Shipping CO, — UK Cost Estimation Study, commissioned by BEIS, Cambridge.
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