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Denmark can become a European CO2 hub - but this requires new political initiatives.

Denmark has the geological, technological, and geographical prerequisites to develop into a European
CO2 hub and contribute to achieving the ambitious climate goals in both Denmark and Europe. However,
the Danish CCS policy currently lacks a holistic view that ensures simultaneity in the development of
capture, transport and storage. These risks jeopardising competitiveness and Denmark's potential as a
European CO2 hub.

CCS must increase in scale and lower in price, which can create both jobs and socio-economic growth,
while contributing to the achievement of climate goals in an economically efficient way.

For' COz2HubEurope, DNV has analysed the effects of the current CCS policy and compared it with a more
holistic approach to the development of CCUS in Denmark. At the same time, crucial steps have been
identified that must be taken for Denmark to position itself as a European hub for CO2 and make a
significant contribution to meeting the climate goals of Denmark and the EU.

Denmark has the potential to become a European hub for CO». But:

1. If Denmark is to fulfil its ambition of establishing large-scale CO2 storage and infrastructure, it
requires large amounts of CO2 that far exceed the Danish CO; potential. Denmark therefore needs
to attract CO2 from our neighbouring countries.

2. If capture, transport, storage, and use are not developed simultaneously, both investment and
operating costs for CCUS will increase and industry will not achieve economies of scale.
3. A national, land-based CO, backbone? pipe infrastructure with large amounts of CO» from abroad

provides an opportunity to reduce costs for Danish CO2 emitters and increase the competitiveness
of Danish companies across Denmark.

4. COs imports from Germany via pipes are crucial, which is why cooperation with Germany and a
connection between Germany, Esbjerg and Fredericia should be prioritized. Similarly, links with
Sweden should be investigated.

5. Further CO, backbone expansion should be planned now and initiated as new storage sites are
developed and large capture and use operators make investment decisions.
6. In particular, the development of onshore storage is dependent on continued popular support,

including focus on climate impact, safety, the environment and the value and growth that can be
created locally and for Denmark.

7. Research into CO: infrastructure is important to succeed and can create fertile ground for new
green exports.

The total investment for a CO2 backbone is 1.1 billion EURO and is expected to create a socio-economic
value of up to 9.3 billion EURO. The entire investment is expected to be user-paid over 25 years.

If the construction of CCS infrastructure is left solely to the market, Denmark risks.

missing out on up to 6.9 billion EURO in socio-economic value,

getting higher costs for reducing CO,,

that CO; reduction from CCS will be lower and come later,

that Denmark’s contribution to CO2 reduction in Europe is reduced, and

that Danish know-how about CCS is not developed and thus does not provide income and jobs.

gswN

' DNV is an international advisor with "Vision (is) to be a trusted voice to tackle global transformations.” - www.dnv.com
2 The CO2 backbone and associated recommendations refer to a common pipe-bound and land-based infrastructure
that connects Danish storage sites with foreign countries. This does not include offshore connections, direct lines and
collection networks.
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If Denmark is to succeed in becoming a European CO: hub, there is a need for:

A national infrastructure plan for a CO. backbone.

SIINEES

Framework and regulation to ensure non-discriminatory and equal access to the CO2 backbone.
State co-financing/risk hedging.
4. European cooperation, especially with Germany.

It is therefore recommended that a committee be set up with inspiration from NEKST, which no later than
autumn 2024 will make concrete recommendations for political decisions for the CO2 backbone,
framework, and regulation, as well as necessary state co-financing/risk hedging.

In connection with the final consideration of the "Act on Piped Transport of CO>", 2 the necessary framework
for regulated third-party access on non-discriminatory terms to a CO2 backbone must be ensured.

3,3 million EURO to be allocated in 2024 to carry out a feasibility study of the Danish CO2 backbone, which
will be carried out as a NEKST-like project in 2024 with the participation of actors across the value chain.

The work will start at the end of Q1 and will by the end of 2024 present a proposal for a possible framework
and plan for cross-border pipe transport and regional transport networks — Denmark's CO2 backbone.

To ensure better alignment between the use of funding and long-term CCS development in Denmark, it
should be considered that the final submission of tenders (Best-And-Final-Offer) for the Ist round of CCS
tenders is postponed until spring 2025, when the CO: infrastructure plan has been considered by the
Danish Parliament.

8 Bill — Act on Piped Transport of CO,, Consultation Portal 24-11-2023
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DNV has been commissioned by CO2HubEurope, which represents a number of actors from the entire
Danish CCUS value chain, to uncover some crucial steps that must be taken in order for Denmark to
position itself as a European hub for CO> and make a noticeable contribution to meeting the climate goals
in Denmark and the EU.

DNV has analysed 2 different development paths for CCS infrastructure in Denmark.

1. Separately: A development path based on the current political setup, where all development of
transport and storage is left solely to the market. The development takes place without a
comprehensive/coordinated plan for Denmark, which may potentially lead to non-utilization of
import opportunities and higher costs than otherwise possible. This will mean that different actors
- e.g. in Zealand and North Jutland - will "separately” create regional solutions that are not tied
together.

2. Build and they will come: An approach based on a coordinated plan for all of Denmark, where
major investments in CO2 backbone piping provide better opportunities for capture and storage of
Danish CO,, as well as import of CO2. This can contribute to lower costs and better opportunities for
the development of a CCU sector.

Without further policy action, the analysis suggests that the "Separately” scenario could undermine optimal
long-term infrastructure development. The economic consequences of a suboptimal and later
establishment of backbone infrastructure will increase Denmark’s costs to reduce CO2 emissions and limit
Denmark’s opportunities to become a European CO2 hub.

The ambition is that CCS will eventually be rolled out without support and on market terms, which will
require significant cost reductions, and that the infrastructure will also be integrated with major
consumption points (CCU). If Denmark can succeed in attracting significant import volumes of CO2, such a
reduction will be possible.

Denmark is equipped with onshore and offshore storage options with significant potential, many ports and
a location close to countries with high CO2 emissions and limited storage options — especially Germany,
which is the largest CO2 emitter in Europe.

However, if Denmark is to attract CO, volumes from outside, Denmark must quickly move towards
developing storage sites that are competitive with competing projects across Northern Europe — including
pursuing the benefits of reusing know-how and existing oil and gas facilities for CO2 storage activities.

1. The need to ensure simultaneity in the development of catch, transport and storage is an
important conclusion of the analysis. If they are not developed in parallel to solve the existing
chicken and egg problem in the CCS value chain, both investment and operating costs will
increase, and industry will miss out on economies of scale. This in turn results in lower amounts of
COg, both imported and domestic, to be stored in Denmark.

1. However, if a common coordinated backbone infrastructure is developed to support large-scale
CO; transport and storage in Denmark, economies of scale and more efficient use of resources will
reduce the total costs in the CCUS value chain and contribute to the efficient development of the
CCUS industry in Denmark.

2. The development of Danish ports to handle CO2 imports and exports is underway, and ports are
important to supplement the CO; pipeline infrastructure. However, in order to scale CO2 imports
and reduce the cost of CCS, most of the imported CO> must be transported in pipelines. From an
economic perspective, centralising imported emissions will increase the competitiveness of Danish
CO2 infrastructure, including Danish storage sites.

3. Development of pipelines will require considerable effort but can greatly reduce costs and
uncertainty in the CCS value chain, including risk-minimizing storage projects, so that more
storage projects can be developed, and Danish transport and storage infrastructure gains a
competitive advantage compared to other European storage projects.
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4. A CO2 backbone will make it possible to import far larger amounts of foreign CO» than could be
imported by ship alone, thus making Denmark a European CO2 hub, where both onshore and
offshore storage is used. At the same time, good opportunities are provided to be able to produce
fuels and other essential carbon-containing products themselves.

5. Pipeline infrastructure that binds point sources, ports, warehouses, PtX manufacturers and abroad
together can start a virtuous spiral where the cost of CCS is reduced, thereby attracting more
foreign financing through carbon removal certificates. Thus, the Danish costs for CCS and
achieving the Danish climate goals can be further reduced.

6. Danish storage development is dependent on large-scale CO2 capture, and this to an extent that
goes far beyond the Danish CO> capture potential. Danish storage facilities are highly dependent
on imported CO2 in addition to Danish COa..

7. In addition, it will be possible and affordable for medium-sized Danish emitters to connect to a CO»
backbone via capture networks, so that they can also capture and store their CO2 emissions. It can
make significant contributions to achieving the Danish climate goals in a Danish CO: infrastructure
perspective in 2030 and 2050.

8. Crucial need for research into building and using CO: infrastructure with a focus on energy and
cost reduction, which at the same time can create new exports of Danish technology.

The need for coordination and adjustment of the timetables for catch, transport, storage and deployment
projects is another key conclusion from the scenarios presented in the analysis.

The development of the CO2 backbone will require the need to continuously evaluate and adapt
regulation, especially regarding third-party access. It is essential to ensure equal and non-discriminatory
access for all, including ensuring that infrastructure is developed comprehensively.

DNV's analysis for COz:HubEurope "Denmark as a European CO. Hub" has calculated the socio-economic
value and investment need for capture and storage of CO2 in Denmark based on the 2 scenarios "Each to
its own" and "Build and they will come” with the 2 outcome spaces:

1. "Current Pathway" — current expectations for CO2 capture.
2. "Net Zero Pathway" — need for CO2 capture in a Net Zero scenario.

With the current CCS policy, Denmark risks missing out on a socio-economic value of between 2,2 billion
EURO and 6.9 billion EURO. The necessary investment in a CO2 backbone is expected to be between 0,8
billion EURO and 1,2 billion EURO in a fully-fledged scenario. An investment that is expected to be repaid
over the lifetime of the infrastructure.

Socio-economic value Separately Build and they will come

(mio. EURO) Current Pathway Net zero Pathway
Cost 831 11612 12337
Distribute 10689 16225 21636

Total net present value 2378 4613 9259

Figure 1 Total socio-economic value, calculated as present value cf. the 2 scenarios and 2 outcome spaces for CO2
capture — Denmark as a European CO2 Hub, DNV January 2024.

Total investment needs Each to its own Build and they will come

(mio. EURO) Current Pathway Net zero Pathway
CO2 storage 1531 2321 2511
Pipelines 74 778 1160

Land Al 157 70

Total 1816 3256 3741

Share of total present value 22% 28% 30%

Figure 2 Total investment needs for the establishment of infrastructure cf. the 2 scenarios and 2 outcome spaces for

CO:2 capture — Denmark as a European CO2 Hub, DNV January 2024.
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Why can't the market manage to expand the infrastructure itself?

As mentioned, Denmark has good geographical conditions for becoming a CO2 hub. One might therefore
ask why state support and planning of a COs infrastructure is necessary. Why can't the market — and
especially the big companies involved — do this on its own?

The answer is that companies can take major technical and commercial risks associated with developing
CCS. But a purely market-driven development is also challenged by a number of market failures, including:

1. Uncertainty about the possibility of importing CO2 from abroad.

2 Failure to consider the societal value of storing biogenic CO, and CO. from abroad.

3. Uncertainty about ETS price developments and lack of full recognition of negative externalities.
4

Need for a coordinated development of infrastructure that considers long-term needs and derived
societal value.

5. A CO; piped backbone infrastructure will be a natural monopoly in need of regulation.
6. Private investors will focus on establishing closed value chains to minimise risk.

In the short and medium term, central government will need to take an active role in planning, financing,
and hedging long-term infrastructure investments. In the longer term, the CCS sector is expected to
operate under market conditions alone.

So, if the state does not take an active role in establishing the CO2 backbone, there is a significant risk that
it will never be built, and Denmark thereby misses out on socio-economic value and climate reductions for
both Denmark and the EU.

4 The full costs of an economic activity resulting in CO, emissions are often not fully paid by the parties to that
transaction. Part of the burden of this transaction will fall on society as a whole as a negative externality in the form of
pollution. The ETS price corrects this situation to some extent. However, CO: prices are not high enough or stable
enough in the short term to fully reflect the real social costs.
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CO:HubEurope recommends that a working group be established with inspiration from NEKST to propose a
national infrastructure plan for the CO2 backbone (regional and transnational grids) in Denmark. Based on
market-driven and incremental development, the plan will support Denmark’s role as a European CO2 hub
and create a green growth engine in Denmark. The plan will ensure the possibility of storing 10 MTPA of
European CO; in Denmark from 2030 and 30 MTPA from 2040 at the latest.

The plan must also contain proposals for necessary regulation and proposals for financing, including the
need for state co-financing/risk sharing.

As part of this planning, like hydrogen infrastructure, preliminary feasibility studies of the possible CO>
backbone should be carried out as soon as possible. These studies should be the starting point for
planning, prioritizing and pipe dimensioning of the CO2 backbone.

Coordination with foreign countries is extremely important if Denmark is to have the opportunity to become
a COz hub. CO2 from Germany, Sweden and the Baltic Sea countries is crucial if the cost of storing and
transporting CO: is to come down in price. Coordination of CO2 capture, storage, and transport across
national borders, which enables the import of CO2 to Denmark, must therefore be in place at the same time
as storage and transport infrastructure are developed.

Better coordination between the development of capture, transport and storage will mean lower costs for
storing CO2 and make it more attractive for Danish companies to capture, store and use CO..

For the Danish CCS tenders, this will help to cheapen the overall CCS value chain and thus reduce the level
of support. If the CO, from the 2 upcoming CCS tenders totalling DKK 27 billion is stored in Denmark; it will
make a significant contribution to the development of a strong CCS sector in Denmark and increase the
societal value.

In comparison, both Norway, the Netherlands and England have incorporated into their CCS support model
that subsidies for the establishment of CO2 capture contribute to the construction of transport and storage
in the 3 countries.

Without adequate coordination, there is a risk that investment decisions will be made on, for example, port
facilities that will not be optimal from a holistic view and at the same time become an obstacle to the
development of the socio-economically optimal solution.

The large investments we make as a society should be linked to the Danish research sector to support the
development of engineers and technicians who will be able to build, service and in the long term also sell
technology to other countries.

To ensure the development of the necessary CO» infrastructure in our neighbouring countries, and connect
foreign emitters to the Danish CO2 backbone, Danish authorities should proactively promote that such CO,
infrastructure is developed and integrated with European infrastructure, both at EU level and nationally in
relevant countries. The development of joint hydrogen infrastructure between Denmark and Germany can
be used for inspiration.

Authorities also play an important role in ensuring that relevant permits needed to establish CO>
infrastructure are issued quickly enough to support rapid development.

CO2HubEurope believes that a central CO2 backbone, such as the electricity and gas infrastructure in
Denmark, should be financed through tariffs of the system'’s users. Financing of the infrastructure can
advantageously be done through a regulated model where costs are distributed over time relative to the

Page 6 of 8



CO,Hub

EUROPE Conclusion and recommendations, 18th January 2024

expected capacity utilisation. In this way, users can pay for the network in whole or in part, depending on
developments.

The model can be combined with full or partial state financing and/or hedging of the first part of
infrastructure. The goal is for the state to participate in the construction phase in ensuring the framework
for market-driven development.

From an overall economic point of view, the pipes should be dimensioned to meet expected maximum
requirements. The rule of thumb is that every time the diameter of the pipe doubles, it can hold four times
as much CO», but without a corresponding increase in costs. This approach reduces the risk of later
duplicating infrastructure at unnecessarily high costs.

Efficient operation and development of a unified CO2 backbone with cross-border connections will create
the need to designate at an early stage one future system operator of the national backbone. At the same
time, the future system operator will have a crucial role in ensuring the development of standards, tariffs,
and international cooperation.

Common quality requirements for CO, should be set in the national CO2 backbone to future-proof storage
and use.

Both biogenic and fossil CO2 must be able to be transported in the infrastructure to avoid unnecessary
investments in separate infrastructures in line with the electricity and gas markets. This requires a common
European certification scheme based on the mass balance principle. Denmark should support this
scheme.

There is a crucial need for research into Danish CO» infrastructure. There are several significant knowledge
gaps such as covering the influence of impurities on condensation/compression/decay and CO: end-use
as well as new methods for CO2 gas measurement, materials in the infrastructure, improved intermediate
storage and a general focus on overall energy and cost reduction. etc.

Research that could also create important opportunities for the export of know-how.

Open and non-discriminatory third-party access to the CO2 backbone must be ensured and investment
decisions should also be based on a socio-economic holistic view.
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Alliance partners
COzHubEurope is a broad alliance of key players within CCUS in Denmark, including:

AxcelFuture

C4 — Carbon Capture Cluster Copenhagen
Crossbridge Energy

Danish District Heating

Esbjerg Havn

HOFOR

Nordsgfonden

Triangle Energy Alliance

TotalEnergies

Orsted

©PNO oA ®WN

S

and with a strong advisory board including:

1. CONCITO
12. DTU

13. INNO-CCUS
Contact

For questions, dialogue and further information, see:

CO2HubEuropec/o Peter Kristensen, Char of steering committee
Tel.: +45 2046 4587
E-mail: peter@co2hubeurope.dk

Annex

DNV's analysis ‘Denmark as a European CO2 Hub" can be found on www.co2hubeurope.dk.
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