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Helping scale CCS
200+ projects in past 10 years
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• Conceptual designs 

• Feasibility studies (pre-FEED)

• High level cost estimations

• Technology review and benchmarking

• Due Diligences

• Qualifications and risk assessments

• Carbon removal verifications

• Market consultations

• Corrosion

• Material selection and structural design 

• Flow assurance and operational issues

• Accidental release and dispersion

• Concept design and AIP for CO2 ships

• Requalification of infrastructure

• Qualification of novel ship concepts

• Ship Classification

• Qualifications and risk assessments

• Verification of storage sites

• Permanence of storage 

• Risk management 

• Monitoring and verification

• Public concern

• Transfer of responsibility

CAPTURE

• Coal and gas fired power plants

• Gas processing, cement, steel, WtE

• BECCS and Direct Air Capture 

TRANSPORT

• Pipelines

• Ships

• Terminals

STORAGE

• Depleted oil or gas reservoirs

• Saline aquifers and salt caverns

• Enhanced oil recovery (EOR)
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Introduction
Background and purpose

This study maps and analyses the possibilities and business potential of a 

Carbon Capture and Storage (CCS) industry in Denmark, and assesses the needs 

to realise this potential

On behalf of a consortium of Danish companies and organisations related to the CCUS 

industry, DNV has been asked to deliver a market study of Denmark becoming a 

European hub for CO2 storage, providing value to European CO2-emitters and helping 

Denmark reach its climate targets.

Denmark aims to achieve a 70% reduction in carbon emissions by 2030, and to 

achieve full climate neutrality by 2050. The current government has proposed even 

more ambitious targets, reaching climate neutrality by 2045. 

To follow up on these targets, the Danish Government has launched a CCUS strategy 

aiming at reducing CO2-emissions particularly in hard-to-abate sectors, such as 

industry and waste management.

In this study, we analyse whether a different and more ambitious political strategy is 

required to ensure Denmark develops into a European CO2-hub for CO2.

We estimate potential Danish and foreign CO2 capture volumes and assess the 

corresponding transport and storage infrastructure needed to handle them. We include 

recommendations on how CCUS policies could be changed such that Danish society 

benefits maximally from handling and storing these CO2 volumes.

7
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Introduction
Project Scope

The study maps the possibilities and business potential of a CCS industry in 

Denmark and analyses what it will take to realise this potential

The report is split into five main chapters:

1. Market and Regulatory Review

In this chapter, we map out the most important prerequisites for the development of a 

Danish CCS industry, including potential CO2 volumes, relevant ports, storage sites and 

their capacities, as well as possible CCU projects. We have also included a short 

comparison on CCS regulations, ambitions, and project activity across selected European 

countries. 

2. Scenario Development

In this chapter, we present three scenarios for the development of Danish CCS 

infrastructure in an approximate 2030 perspective. The first scenario - "Each on their own"  

is the most likely, given current Danish CCS policies. In addition, we outline two scenarios 

depicting a more strategic approach towards CCS in Denmark, based on stronger 

supporting policies, resulting in strategic CCUS infrastructure development. These 

scenarios are called "Build and they will join" and differ mostly in terms of imported CO2 

volumes and pipeline infrastructure development.

3. Cost Estimation

This chapter gives a detailed cost estimation of the infrastructure related to pipelines and 

ports for the different scenarios. We include background information and factors affecting 

infrastructure costs as well as a brief overview of CO2 storage costs used in the report.

4. Cost-Benefit Analysis

In the Cost-Benefit Analysis (CBA) chapter, we build upon the cost estimation chapter and 

quantify, whenever possible, the costs and benefits accrued in the different scenarios. In 

addition to the quantification, we include a high-level analysis of qualitative costs and 

benefits.

5. Summary and Conclusions

Finally, we summarize the report, conclude on the differences between the scenarios and 

give some policy recommendations based on these findings in the report. The aim is that 

these recommendations could help Denmark develop a CCUS-sector that can both 

become a profitable new sector with widespread public support and aid Denmark in 

reaching their climate goals.

8
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Market and Regulatory Review
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In this section, we map the most important prerequisites for the development of 

a Danish CCS industry:

A. Potential CO2 import volumes from European countries are estimated 

using a methodology based on DNV scenarios and the usage of 

CaptureMap. 

B. Mapping of ports in Denmark which could contribute to a CCS 

infrastructure

C. Mapping of potential Danish storage sites onshore and offshore 

D. Mapping of current and potential biogenic CO2 demand in Denmark (e.g., 

power-to-X)

E. Discussion on CCUS regulation in the EU, selected European countries, 

and Denmark

10

Heatmap for hard-to-abate emissions in Europe

Source: CaptureMap

Market and Regulatory Review
Overview
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Country selection:

Based on regulatory 
review and 

consortium feedback

Sector selection:

Focus on sectors 
with unavoidable 

emissions

CaptureMap:

Current emissions 
per region from hard-

to-abate sectors

ETO:

Forecast of capture 
capacity for all energy 
sectors, on EU level

PNZ:

CCS capture capacity 
for net-zero scenario

CO2 capture 

volumes 

forecast for 

hard-to-abate 

sectors per 

country

Country selection

Based on our regulatory review and consortium feedback, we have identified a group of countries which are 

candidates to export CO2 to Denmark. These countries include:

Germany, Poland, Czechia, Lithuania, Latvia, Estonia, Finland and Sweden.

Sector selection

Although most current emissions result from burning fossil fuels, e.g., in the power sector, long-term demand for 

CO2 storage will come from sectors where decarbonization is difficult and costly, or from sectors where negative 

emissions can be achieved. Therefore, we focus only on hard-to-abate sectors, such as oil refineries, iron & 

steel production, cement production, and biomass and waste-to-energy. Moreover, there will likely also be 

demand for CO2 storage from fossil power production or blue hydrogen production towards 2050. This means 

that if there is a political goal to ensure that the CCS infrastructure is used primarily for unavoidable or negative 

emissions instead of prolonging fossil fuel use, political action might be needed. 

CaptureMap

Using most recent emissions data from CaptureMap, we visualise current emissions from hard-to-abate sectors 

per country and region. 

Energy Transition Outlook (ETO) and Pathway to Net-Zero (PNZ)

DNV’s flagship report, the Energy Transition Outlook, projects European CO2 capture capacity until 2050 which 

is the basis for our “Current pathway” volumes. For the “Net-zero pathway” scenario, the projected volumes are 

scaled to PNZ CCS volumes.*

CO2 capture volumes forecast

To obtain our forecast on captured volumes, we scale the ETO CO2 capture capacity numbers on EU level with 

the help of current CaptureMap emissions data for the hard-to-abate sectors and our relevant country 

selection**. It is worth mentioning that CaptureMap's CO2 capturability estimates are very optimistic. Thus, the 

carbon figures and projections in our report are best viewed as such, potentially exceeding achievable capture 

rates in practice.

*Note that the ETO scenario is entirely not aligned with the EU 2050 target of climate neutrality, although energy sector emissions decline by more than 85% towards 2050 from 1990 values.  **More detailed information on our capture volumes methodology can be found in the Appendix. 

Market and Regulatory Review
CO2 capture volumes methodology
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Mt CO2 capture capacity

2025 2030 2035 2040 20502045

PNZ

Electricity and heat

Heavy industry

Chemical industry, refinery and fuels

Market and Regulatory Review
CCS deployment in the ETO and PNZ

• The ETO energy and emissions pathways are based on main policy 

trends and continued development of proven technology to obtain a 

descriptive “best estimate” forecast

• In contrast, the PNZ is more prescriptive than descriptive and back 

casts a path towards global net-zero in 2050 which is technologically 

and economically feasible, but unlikely, given current policy trends 

• In addition to reaching net-zero in 2050, the PNZ deems net negative 

emissions of 6 Gt/year globally between 2050 and 2100 to achieve 

1.5C through a large-scale deployment of direct air capture (DAC) and 

bioenergy with carbon capture and storage (BECCS)

• The scale of CCS deployment in the energy system accounts for most 

of the difference in emissions between the ETO and PNZ, especially in 

Europe which achieves net-zero in 2045. In Europe, the 2050 PNZ 

capture capacity is almost 5 times larger than in the 2050 ETO forecast

Capture capacity per sector in ETO and 

total capture capacity in PNZ
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Capture capacity per country in ETO and 

total capture capacity in PNZ

The countries marked in red below have been identified as relevant countries that 

could be interested in exporting their captured CO2 for storage in Denmark. The pink 

countries may also be relevant in a future perspective, but have not been included in 

our volume estimates

Our ETO-based capture capacity estimate projects that these countries could export 

almost 25 MTPA of CO2 to Denmark by 2040 (“Current pathway” volumes case), 

while the PNZ-based CCS capacities, for the same countries, give estimates of 

around 77 MTPA by 2040 (“Net-zero pathway” volumes case). These figures only 

apply for hard-to-abate sectors. The most important CO2 exporting countries are 

Germany, Poland, and Sweden

13

56

77

178

25
31

38

0

20

40

60

80

100

120

140

160

180

Mt CO2 capture capacity

2030 2035 2040

97

2045 2050

+53

20

PNZ adjusted

ETO

The PNZ-based estimates (our Net-zero 

pathway volumes) cannot be considered 

a high case but a technically feasible 

pathway to reach net zero by 2050. For 

the selected regions, the 77 MTPA 

projected are more than what can be 

effectively injected in Danish storage sites 

included in this report, see slide 17 and 

onwards.

For the “current pathway”-based 

scenarios the captured amounts are both 

higher and lower than the storage 

capacities available. It would also be 

challenging for Denmark to secure all the 

CO2 captured from these countries  

Market and Regulatory Review
Demand for Danish CCS

ETO- & PNZ-based CCS scenarios
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Share of biogenic versus fossil CO2 of CO2 imports –

Current pathway

Share of biogenic versus fossil CO2 of CO2 imports –

Net-Zero pathway

Amount of biogenic CO2 in both 
scenarios

Biogenic CO2 emissions can be used in the CCU-industry, and also has a 

different value in a socioeconomic perspective than fossil CO2 emissions. The 

graphs to the left show the shares of biogenic CO2 in each of the scenarios.

For both the current pathway and the net-zero pathway, the share of biogenic 

CO2 in the estimations is on average 21% of the total CO2 volumes captured. 

Year by year, the biogenic share varies between roughly 19% and 24%.

The biogenic calculations are based on CaptureMap estimates of biogenic CO2 

emissions in each point source. 

Note that the share of biogenic contents in the net-zero pathway may be 

underestimated because of the methodology used to estimate the captured 

emission volumes in this scenario compared to the current pathway. 

Most of the biogenic CO2 in the identified emissions comes from the biomass & 

waste-to-energy sectors which on average have a biogenic share of 59 %. This 

share is based on CaptureMap’s input data.

The amount of biogenic CO2 for each scenario is shown in the table below for 

selected years. 
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Market and Regulatory Review
Biogenic vs fossil CO2

CO2 volumes (MTPA) 2030 2035 2040 2050

ETO Biogenic 3 4 5 10

PNZ Biogenic 6 11 16 44
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Important features of CO2 receiving terminals

• Physical space required

• Safety aspects

• Where does the CO2 come from? Ports should 

be convenient for the relevant shipping routes

• Proximity to storage and/or emission locations

Imported CO2 volumes may arrive from vessels. 1st 

generation Northern Light vessels capacity are 

presented below. Larger vessels are expected in the 

future.  

• Vessel size: 7500 m3 CO2 (cargo density: 1100 

kg/m3 = 8250 Ton CO2)

• 1 vessel/day, 365 days = 2.8 MTPA

To facilitate a well-functioning Danish CO2-infrastructure, identifying ports that can facilitate  both import and export of CO2. The former will be an important entry point for foreign 

CO2 volumes, while the latter could be important in order to facilitate the use of Danish offshore CO2 storage where no pipeline infrastructure has been built. Our evaluation of 

potential ports has been based on features and assumptions listed below

Market and Regulatory Review

Evaluation of ports

The ports considered include:

• Aabenraa

• Aalborg

• Aarhus / Studstrup (Ørsted)

• Copenhagen and Malmo port

• Fredericia / Skærbæk (Ørsted)

• Esbjerg

• Hanstholm

• Hirtshals

• Kalundborg / Asnæs (Ørsted)
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Port name Interest to be 

part of CCS?

Connection to 

storage site

Connection to 

CO2 source

Draft / 

water depth

Max 

LOA

Available 

space

Limiting urban area, 

infrastructure, access

Traffic Summary

Aabenraa (SJ)
10.75 250 Busy w/ 

cargo

Small port, no passengers, lots of cargo, area at former powerplant seems 

suitable

Aalborg (NJ)
9.4 250 Busy Little passengers; access challenging via Limfjorden; but space available 

for possible CCS hub

Asnæsværket 

(Kalundborg, WS)

13 300 n/a Space and no limitations due to urban areas, proximity to CO2 storage; 

potential for CCS hub

Avedøreværket 

(Copenhagen, KBH)

7 n/a n/a Proximity to CCS storage and CO2 emitters; available space for CCS hub

Copenhagen and 

Malmo port (KBH)

11.5 260 Very busy Very busy port for cargo and passengers; limits due to urban area; plans 

for CO2 infrastructure buildout

Esbjerg (SJ)
10.3 250 Very busy Busiest port in absolute terms; 2 million passengers; high potential for 

CCS; building CO2 storage facilities

Hanstholm (NJ)
7.5 135 Small port Fishing and offshore service port, potential for CCS hub (imports)

Hirtshals (NJ)
9 250 Very busy Very busy passenger port; Hirsthals has already allocated an area for CCS 

hub

Skærbækværket 

(Fredericia, SJ)

>10 n/a n/a Potential for CCS hub, there is space available and no limits due to urban 

area

Studstrupværket

(Aarhus, EJ)

11 245 7 vessels 

p.a.

Small port for power station, there is some available space, but urban area 

close by; medium potential

We evaluate the potential of Danish ports for CCUS by (qualitatively) along several relevant indicators. The table below summarizes the evaluation. If an indicator is deemed to have a supportive 

effect on CCUS infrastructure, we use green colour coding, if an indicator might have a limiting effect on the CCUS potential of the port, we use yellow colour coding. Connection to storage site is 

evaluated based on distance to possible storage site. 

Market and Regulatory Review
Evaluation of ports
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Market and Regulatory Review
Danish onshore CO2 storage potential – background and uncertainties

Background

Onshore storage will occur on sites with no previous 

production (oil and gas). The CO2 will be injected into 

saline aquifers located subsurface at depths of more 

than 800m. Multiple storage sites can be connected to 

the same aquifer, and pressure influence may impact 

available storage capacity

When CO2 is injected, the pressure in the reservoir will 

increase locally and CO2 will push water away which 

then will increase the reservoir pressure

The Geological Survey of Denmark and Greenland 

(GEUS) is investigating selected sites with seismic 

survey and combined with data from older exploration 

wells a potential theoretical storage capacity is estimated

Uncertainties

The storage estimates and injection rates in this market study 

are based on GEUS data which is the only publicly available 

data on possible CO2 storage capacities in Denmark. It was 

published in 2020 and summarized in GEUS note no. GEUS 

331-0002 issued to the Danish Ministry of Climate, Energy and 

Utilities in 2021. 

The GEUS study is based on geological surveys carried out in 

the second half of the 1900s until today. The study re-evaluates 

this existing data with the help of statistical simulations, 

accounting for varying data quality. Theoretical storage volumes 

from GEUS are delivered with the probability of exceedance 

thresholds; P10, P50 and P90.

The available storage data is characterized by high levels of 

uncertainty regarding both storage and injection estimates. 

More analyses are expected to be performed in the coming 

years as the storage projects mature towards investment 

decisions. Site-specific simulations and/or exploration wells 

could help reduce uncertainty in the future. Seismic surveys 

have been carried out in 2022 and 2023 but results are not 

published at present stage. The estimated storage and injection 

capacities do therefore not reflect data from these surveys. It is 

beyond the scope of this project to assess storage data in more 

detail than available in public analyses. 

17
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Market and Regulatory Review
Overview over Danish CO2 storage sites
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• Denmark has large saline aquifer storage capacity. Many studies aim at assessing Danish 

storage capacity, but the estimates vary widely 

• Whereas the 2020 GEUS evaluation1 reports a P50 value across all storage sites 

reviewed of ~ 12 Gt CO2, the 2023 Elgol Geoscience study2, which focuses on a number 

of saline aquifers in the Gassum Formation and estimates the actual quantity of CO2 

which could be injected over a 25-year project lifetime, arrives at much smaller storage 

numbers

• The Danish Energy Agency is responsible for tendering procedures for the award of 

permits for exploration and storage of CO2 in the Danish subsoil. Projects Greensand and 

Bifrost together received three storage licenses in 2023, whereas eight areas are planned 

to be tendered after strategic environmental assessments (SEAs) and seismic surveys 

have been conducted3

1 Geus 2 Elgol Geoscience Ltd., Simulation of proposed Gassum Fm. CO2 storage sites onshore and nearshore Denmark, October 2023   3 Danish Energy Agency

* First tender permit round for on shore and near shore storage sites expected to take place soon after EIA has ended. **Timeline for sites on hearing: Q12024: tenders released for exploration; Q2 2024: Application review; Q2-Q3 2024: Licenses assigned. Projects can start up.

Field name
Onshore/

offshore?
Project Status/maturity Licensing

Planned 

availability

Type of 

reservoir
Distance/connection to port

Distance/connection to CO2 

emitter

Stenlille onshore
Stenlille 

demo

EIA expected finished end of 2023*

Denmark's first onshore CO2 storage facility  

in Stenlille; goal to be operational by 1 April 

2026.

Tendering 

planned

Aim contract signed 

dec 2023
Saline aquifer

Close to mid-size emitters Equinor 

Refining and Asnæs Plant

Nini offshore Greensand Under development Licensed 2023
Operational from 

around 2025
Saline aquifer

First CO2 transported from 

Antwerp (Belgium) by ship

Cross-border CO2 transportation 

agreement with Belgium for first 

phase (Nini)

Siri offshore Greensand Under development Saline aquifer

Harald offshore Bifrost Licensed 2023 Saline aquifer 

CO2 received at terminal in port 

(Esbjerg, 260 km), transported 

via existing pipeline or ship

Emitters onshore in Esbjerg

https://www.geus.dk/Media/637599867373909761/Evaluation%20of%20the%20CO2%20storage%20potential%20in%20Denmark%20(GEUS%20rapport%202020_46).pdf
https://ens.dk/en/our-responsibilities/ccs-carbon-capture-and-storage/tendering-exploration-and-co2-storage-permits
https://www.gasstorage.dk/news/2023/10/17/co2-tender-for-storage/
https://www.gasstorage.dk/news/2023/10/17/co2-tender-for-storage/
https://www.gasstorage.dk/news/2023/10/17/co2-tender-for-storage/
https://www.offshore-energy.biz/danish-govt-bankrolls-two-projects-for-co2-storage-in-north-sea/
https://www.offshore-energy.biz/danish-govt-bankrolls-two-projects-for-co2-storage-in-north-sea/
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Market and Regulatory Review
Overview over Danish CO2 storage sites
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Field name
Onshore/

offshore?
Project Status/maturity Licensing

Planned 

availability

Type of 

reservoir
Distance/connection to port

Distance/connection to CO2 

emitter

Havnsø*** onshore n/a

"large and promising. Not drilled“; EIA 

(Environmental Impact Assessment) expected 

by end 2023*

Tendering 

planned
Q2-Q3 2024

Saline 

aquifier

Close to Kalundborg and 

Copenhagen

Close to mid-size emitters Equinor 

Refining and Asnæs Plant

Gassum*** onshore n/a
"could be developed as storage option"

EIA expected finished end of 2023*

Tendering 

planned

Q2-Q3 2024 

project start**

Saline 

aquifier
Close to Aalborg

Close to large size and mid-size 

emitters in Aarhus and Aalborg

Paarup / 

Thorning***
onshore n/a

"could be developed as storage option“; EIA 

result expected end 2023

Tendering 

planned

Q2-Q3 2024 

project start**

Saline 

aquifier

Close to smaller emitters, close to 

same emitters at Gassum and 

Voldum

Vedsted onshore n/a "mature for further development"
Saline 

aquifier

Close to large emitters Aalborg 

Portland and Nordjylland plant

Rødby onshore n/a EIA expected finished end of 2023*
Tendering 

planned

Q2-Q3 2024 

project start**

Saline 

aquifier

Inez*** offshore n/a EIA expected finished end of 2023*
Tendering 

planned

Q2-Q3 2024 

project start**

Saline 

aquifier

Direct injection is possible; nearest 

port is Hanstholm

Lisa*** nearshore n/a EIA expected finished end of 2023*
Tendering 

planned

Q2-Q3 2024 

project start**

Saline 

aquifier
Nearest port is Hanstholm

Jammerbugt*** nearshore n/a EIA expected finished end of 2023*
Tendering 

planned

Q2-Q3 2024 

project start**

Saline 

aquifier
Nearest port is Hanstholm

Hanstholm nearshore n/a Status unknown
Saline 

aquifier
Nearest port is Hanstholm

Voldum onshore n/a "could be developed as storage option"
Saline 

aquifier

Close to large size and mid-size 

emitters

*First tender permit round for on shore and near shore storage sites expected to take place soon after EIA has ended. **Timeline for sites on hearing: Q1 2024: tenders released for exploration; Q2 2024: Application review; Q2-Q3 2024: Licenses assigned. 

Projects can start up.   
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Market and Regulatory Review 
CO2 storage sites and capacities for this study

Storage capacity

• The technical storage capacity depends on the actual 

properties of the aquifer, such as porosity, permeability, 

connectivity and physical size

• Quantification of technical storage capacity is based on 

data with a high level of uncertainty and may vary 

significantly between each evaluation. Confirmation of the 

technical storage capacity requires exploration wells

• Storage capacity may increase or decrease during lifetime 

based on data from each injection well

• The table below shows GEUS storage capacity values 

(P90 and P50)

Storage capacity for this study

• The storage sites Havnsø, Gassum and Thorning have 

been selected as they are part of the first bidding process, 

and they are located centralized geographically in DK

• The storage site Hanstholm has been selected as a 

previous study from GEUS has identified the storage site 

as having a large potential. In the area north and 

northeast of Hanstholm are multiple potential storage 

sites. To address the potential in near shore storage 

capacity in the Northwestern part of Jutland, these sites 

are mentioned as NW Jutland for the remaining part of the 

study. The numbers from the GEUS study of Hanstholm 

will be used.

• Due to uncertainties in capacity, a high and a low case is 

used for storage capacity and injection rates 

• Low case storage capacity is the GEUS P90 value; high 

case storage capacity is the GEUS P50 value

• Disclaimer: GEUS is still evaluating the latest acquired 

seismic survey data hence storage capacities will be re-

evaluated. This study will focus on injection rates which 

will be used for dimensioning purposes in section 2

20

GEUS Storage 

capacity  P90 value 

[MT]

GEUS Storage 

capacity

P50 value [MT]

Gassum 412 574

Thorning 202 290

Hanstholm

(NW Jutland)
927 1293

Havnsø 204 294
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Market and Regulatory Review
CO2 Consumers
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Area Company Feedstock Operational status
Anticipated CO2 

demand (Tpa)
Startup year Fuel category Product

Aabenraa European Energy Electrolysis and CO2 from Biogas Plants In operation 43,945 2023 E-fuel E-methanol

Holstebro ReIntegrate
CO2 from biogas plant and H2 from water 

electrolysis
In operation 13,733 2023 E-fuel E-methanol

Aalborg European Energy and Port of Aalborg Electrolysis Under discussion 102,996 2025 E-fuel E-methanol

Hanstholm European Energy and Port of Hanstholm CO2 and H2 from water electrolysis Under discussion 43,945 2025 E-fuel E-methanol

Copenhagen/

Kalundborg*

Ørsted, SAS, Copenhagen Airports, AP Moller – Maersk, DFDS and 

DSV, with Nel, Haldor Topsøe and Everfuel**
CO2 and H2 from water electrolysis Under discussion

69,000 2025

E-fuel E-methanol137,000 2027

378,000 2035

Aalborg CiP CO2 and H2 from water electrolysis Under discussion 180,000 2027 E-fuel E-methanol

Source: DNV AFI Portal

* Although the Avendøre Power Station in Copenhagen is discussed as a possible point+source for CO2 capture, fuel production might not be place in the Copenhagen area, but instead around Kalundborg.   ** Consortium is part of Green Fuels for Denmark 

project located in Copenhagen     1 https://brintbranchen.dk/brintprojekter-i-danmark/

• CO2, especially biogenic CO2, is a vital component in making e-fuels with a GHG 

reduction through power-to-X

• Power-to-X is a broad term describing several technology pathways in which electricity is 

converted to another energy carrier, e.g., green hydrogen or e-fuels, a class of low-carbon 

synthetic fuels replacing drop-in fossil fuels, such as methanol or diesel

• Power-to-X projects are potential CO2 consumers of the future: e-fuels are manufactured 

using captured carbon dioxide or carbon monoxide, in addition to renewable and/or low-

carbon hydrogen. To ensure that the resulting e-fuel is low-carbon, biogenic CO2 is 

preferred, but "unavoidable" CO2 emissions are also possible with certain conditions. In 

EU, the Renewable Energy Directive and Delegated Acts define what types of fuels qualify 

for renewable or low carbon definitions, e.g RFNBO and RCF, that is Renewable Fuels of 

Non-Biological Origin and Recycled Carbon Fuels

• The table below summarizes Power-to-X projects in Denmark which are in operation and 

under discussion. The CO2 demand from these projects could amount to ~0.3 MTPA by 

2030 and ~0.6 MTPA by 2035

• The table below presents an estimate of projects which are in operation or planned/under 

discussion, according to DNV’s Alternative Fuel Insight database. Brintbranchen, the main 

organization for hydrogen and PtX in Denmark, expects around 0.7 Mt e-methanol and 0.2 

Mt e-kerosene to be produced in Denmark by 2030, which amounts to a CO2 demand of 

~1.4 MTPA by 20301

• The table below does not account for pure hydrogen projects. These projects may be 

relevant because hydrogen could be combined with CO2 to make synthetic fuels

https://erhvervsstyrelsen.dk/sites/default/files/2021-03/Green%20Fuels%20for%20Denmark%20one-pager_0.pdf
https://brintbranchen.dk/brintprojekter-i-danmark/
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Power-to-X projects in Denmark

• Existing E-methanol projects in Denmark are located around Aalborg, Aabenraa, 

Hanstholm, Copenhagen, and Vordingborg

• In addition to E-methanol projects which directly use CO2 to produce the E-fuel, there are 

other Power-to-X projects in Denmark

• By 2030, ~1.4 MTPA of hydrogen could be produced in Denmark. Hydrogen production 

sites are interesting because hydrogen could be combined with CO2 to make synthetic 

fuels

• These hydrogen production clusters could be located near Esbjerg, Fredericia, and 

Holstebro, in addition to an offshore hydrogen island (BrintØ) 

• Demand for CO2 from CCU in Denmark is currently expected to be of such an amount 

that connection to a CO2-backbone is not necessary. Gathering networks either 

connected to local CO2 emission sites or to the backbone are more likely solutions. CCU-

projects have therefore not been included in the scenario development maps

• If the CCU industry grows in the future, a CO2-backbone would provide easy access to 

CO2 and give investment incentives in terms of where the production sites can be located

• If such a situation is realized, it would be important for the CCU-industry to have access to 

guaranteed biogenic CO2. In a CO2 backbone system, biogenic and fossil CO2 will most 

likely be mixed. Introducing tracable certificates for biogenic CO2 can constitute a 

relatively simple solution to address this issue 
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Hydrogen (blue) and E-methanol (yellow) projects (decided and under discussion) in Denmark, 

expected production size in tons of hydrogen and E-methanol per year

Source: DNV AFI Portal
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Denmark

Country legal framework

There is a legal framework for CO2 

capture, geological storage offshore 

and piped transport of CO2. 

Moreover, state participation in CO2 

storage is required. 

Political context 

Denmark has very ambitious 

decarbonization plans already by 

2030 (-70%) and recognizes the role 

that CCS can play in achieving these 

climate goals. The political ambition in 

Denmark is to build an entire CCS 

value chain and for Denmark to 

become a hub for onshore and 

offshore CO2 storage.

Support mechanism

Various support mechanisms have 

been developed for research and 

commercial sale CCUS projects, 

amounting to ~ EUR 5 billion in total.

CO2 Storage Project activity

There are two storage projects in 

advanced development in Denmark 

(Bifrost and Greensand). Several 

other CO2 transport and storage 

projects are being developed. 

Netherlands

Country legal framework

The Netherlands allows CO2 storage 

in empty offshore oil and gas fields 

and in aquifers. To store CO2, a 

storage permit is necessary. 

Political context 

The Netherlands has attempted three 

CCS projects, but none was realized. 

The reasons encompassed societal 

resistance (two onshore projects), 

whereas the offshore project faced 

financing and managerial issues. 

Support mechanism

The exploitation subsidy SDE++ 

compensates for the difference 

between the CO2 price in the market 

and the project’s price of capturing 

and storing CO2. 

CO2 Storage Project activity

OCAP is an operational carbon 

capture project, where the captured 

CO2 is used in horticulture. Porthos

(FDI taken) and Aramis (advanced 

development stage) are two major 

projects being developed in the Port of 

Rotterdam.

Norway UK

Country legal framework

There is regulation regarding CO2 

storage onshore, offshore and 

adjacent internal waters, including 

storage permit issuance, liability, 

inspections and set out requirements 

for CCUS operations.

Political context 

The UK Government’s 10-Point Plan 

for a Green Industrial Revolution in 

2022 committed to investing in CCUS. 

Support mechanism

Main support mechanism is the CCUS 

Infrastructure Fund (CIF) which 

provides upfront capital contributions 

to transport and storage, and CAPEX 

grants and OPEX support for 

industrial carbon capture. Funding is 

available for projects in 4 focus 

clusters.

CO2 Storage Project activity

There are 26 projects being 

developed in the UK, among which 3 

projects with >2 MTPA capacity and 

several projects in advanced 

development. 

Country legal framework

Exploitation, transport and storage of 

CO₂ in subsea reservoirs on the 

Norwegian continental shelf is 

regulated as part of the petroleum 

activities and is regulated by the 

Petroleum and Natural Resources 

Exploration Act  and Pollution Act  

with associated regulations.

Political context 

CCS is a priority area for Norway’s 

climate action and is identified as an 

important measure in Norway’s NDC.

Support mechanism

The Norwegian government is 

supporting the CCUS project Longship 

by a CAPEX and OPEX subsidy of 

NOK 16.8 billion, out of the NOK 25.1 

billion for CAPEX and OPEX. In 2022, 

Norway announced NOK1 billion 

(US$100 million) to support three 

large blue hydrogen projects. 

CO2 Storage Project activity

There are two operational CO2 

storage sites, storing 1.7Mton CO2 

annually. 12 CCUS projects are in 

various stages of development.

Below we summarise the main regulatory points per country for better comparison. More details are provided in Appendix A.2.
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Germany

Country legal framework

Underground storage of CO2 is 

currently not possible. Federal law 

allows only a limited number of 

demonstration-scale projects today.

Political context 

Fear of unmanageable risks and lock-

in effects of fossil fuel power resulted 

in public protests and federal bans for 

CCUS projects. With Germany’s goal 

of climate neutrality by 2045, political 

parties want to start another debate 

on CCUS for unavoidable emissions.  

Support mechanism

A draft document foresees subsidies 

for CCS projects from 2024 onwards. 

CO2 Project activity

There has been only one pilot project 

in Brandenburg, where CO2 has been 

injected into the ground between 2008 

and 2013. With the emergence of 

CO2 storage projects in nearby 

countries (Norway, NL, Denmark) 

there is growing interest in 

exporting CO2 for storage in the 

North Sea. 

NorwayPoland

Country legal framework

Until 2023, the legal framework 

allowed only demonstration-scale 

CCS projects offshore. In September 

2023, a new framework allowing 

industrial-scale storage came into 

force.

Political context 

There is no national CCUS strategy 

and CCUS is not part of the Polish 

Energy Plan, although there is 

potential for CCUS in supporting the 

transition from Poland’s heavy 

reliance on fossil fuels, especially 

coal.

Support mechanism

No support mechanisms are currently 

available.

CO2 Project activity

There was a failed attempt at 

capturing CO2 from the Belchatow

power plant in 2013. Currently, there 

are a few CO2 capture projects in 

Poland applying for EU funding. 

Below we summarise the main regulatory points per country for better comparison. More details are provided in Appendix A.2.

Finland

Country legal framework

No geological CO2 storage is allowed 

in Finland and no storage sites have 

been identified. 

Political context 

Finland has one of the most ambitious 

climate targets, net zero emissions by 

2023. Finland acknowledges that 

CCUS can be part of its climate 

strategy (e.g., using BECCS), but that 

CO2 will be stored elsewhere, e.g., in 

the North Sea. 

Support mechanism

Finland's Sustainable Growth 

Programme allocates 150 million 

Euros to hydrogen and CCUS projects 

in industry. 

CO2 Project activity

Following Russia’s attack on Ukraine 

and the termination of Russian gas 

imports into Finland, plans for a blue 

hydrogen project were discontinued. 

There are currently no active CCUS 

projects in Finland. 

Sweden

Country legal framework

A legal framework for CO2 capture 

and transport exists. Storage of CO2 

is permitted with limitations (no 

onshore storage).

Political context 

Sweden has a net-zero GHG target in 

2045. CCS, especially BECCS, is 

recognized as one of the measures to 

reach this target.

Support mechanism

Funding for research, pilot and 

demonstration studies is available 

under the Industry Leap initiative. 

Funding for BECCS is available 

through a reverse auction.

CO2 Project activity

There are a few projects in advanced 

and early development in Sweden 

concerning capture and CO2 

transport, but no storage projects as 

of now.  

Czechia

Country legal framework

Geological storage is allowed in 

Czechia. 

Political context 

Czechia’s climate target is -30% with 

respect to 2005 emissions by 2030. 

There is no national CCUS strategy. 

Support mechanism

No support mechanisms are currently 

available.

CO2 Storage Project activity

There is a Czech-Norwegian CCUS 

technology project aiming to verify the 

feasibility of geological sequestration 

in Czechia. 
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Scenario Development
Overview

In this section we present the scenarios developed for the report. The scenarios are based on the information 

in the market review section, that are best estimates of a potential future development. This includes 

information on

• Selected Danish CO2 capture sites

• Relevant import volumes of CO2

• Relevant CCU projects

• Selected Ports

• Storage sites and injection rates

• Lead times for CCS infrastructure projects

We thereafter present three scenarios that are potential storylines that highlight what the development could 

look like given different CCS policies in Denmark as well as in the EU. For each scenario, the underlying 

storyline and assumptions are presented

• Scenario 1 – "Each on their own" : This scenario is the base case scenario and the most likely given 

current Danish CCS policies

• Scenario 2 – "Build and they will join": These two scenarios depict a possible development given a more 

strategic approach towards CCS in Denmark with stronger supporting policies. The two scenarios also 

includes differing import volumes and storage injection rates.

• 2a – Build and they will join – Current Pathway

• 2b - Build and they will join – Net Zero Pathway

26
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Source: Mapchart.net

For both Scenario 1 “Each on their own” and Scenario 2 

“Build, and they will join” there will be a possibility to import 

CO2. 

In the “Each on their own” scenario it is expected that no 

backbone pipeline will be built but instead there will be import 

of CO2 by vessel. Onshore storage sites can be developed 

with pipeline infrastructure connecting storage sites with a 

pipeline to a port terminal.

In the “Build, and they will join” scenario a central backbone is 

established with a connection to a CO2 storage/shipping 

facility, to which all national emitters and imports of CO2 feed 

into. The onshore storage sites will be developed and 

connected with a CO2 backbone pipeline to a German CO2 

network. 

The existing gas export pipeline between Nybro gas 

processing facility and Northern fields in the Danish North sea 

will be repurposed for CO2 use connecting the Bifrost project 

with the Danish onshore CO2 backbone network. 

Greensand will remain disconnected from the Danish onshore 

CO2 network and will receive its CO2 with vessel.

The philosophy in scenario 2 is to have all infrastructure 

completed in a timespan of the years 2030-2035. This will 

require that the different parts of the infrastructure will be built 

simultaneously. 

The volumes of captured CO2 is presented in a low and a high 

case scenario. The low "current pathway" scenario includes the 

ETO volumes from hard to abate sectors and the high "pathway to 

net zero" scenario includes the corresponding volumes from DNV’s 

PNZ report. Volumes and import method is given in the below 

table. The capture map to the left illustrates the origins of the CO2.

Notice that these volumes are the volumes that are identified as 

the most feasible, both in terms of distance and in terms of sector 

origin. Other volumes from other countries and from sectors such 

as blue hydrogen production and even power production with CCS 

may also be relevant but has as a starting point been kept out of 

this report due to political signals on what Danish CCS 

infrastructure ideally should be used for.

Import 

method

Current 

pathway 

potential 

[MTPA]

Net zero 

pathway 

potential

[MTPA]

Predominant 

origin countries

Vessel 

transport 7.4 31

Finland, Sweden, 

Estonia, Latvia, 

Lithuania

Pipeline 

transport
16.5 46

Poland, Germany, 

Czechia

Scenario Development
Import volumes



DNV © 15 JANUARY 2024

The choice of ports is based on the assessments in chapter 1 as well as proximity to storage and/or large capture sites. They

serve only as an example of what ports could be relevant to develop.

Port of Esbjerg

A CCS project with construction of a port terminal with a capacity of 0.3 MTPA is expected to start in 2024. Local waste-to-

energy plant near the port terminal can deliver 0.2 MTPA and local emitters will deliver 0.1 MTPA.

Port of Aalborg

A CCS project with construction of a port terminal is expected to be finalized in 2026. A capacity of 0.5 MTPA is assumed in an 

early stage. It is assumed that a total of 1.0 MTPA will be captured in Aalborg.

The timing for this project will be crucial. If the Gassum storage sites reaches FID before or simultaneously as the capture 

project, there may not be a need for export facilities in the Port of Aalborg. For this report, we however assume that a Gassum 

FID will take place after the capture and port project is finalized.

Port of Kalundborg (Asnæsværket)

A CCS project with construction of a port terminal is expected to be finalized in 2026. Ørsted is operating the power plants 

Asnæsværket and Avedøreværket where nearly 0.5 MTPA CO2 will be captured and exported to Northern Lights.

Copenhagen Port – only in the scenario: Each on their own

HOFOR, operator of the power plant Amagerværket, and ARC, operator of waste-to-energy plant Amager Bakke, are 

investigating possibilities for CCS. One option could be to develop a CO2 port terminal at the quayside Prøvestenen which is 

located close by. Another option could be to cooperate with other emitters and route a pipeline around central Copenhagen. If

HOFOR and ARC are acting on their own, it is assumed that a CO2 port terminal will be built to handle the total potential of 1.6

MTPA from both plants. If HOFOR and ARC can join a pipeline network with other companies as in "Build and they will join", it is

assumed that a pipeline will be chosen instead, which then will have a capacity of 3 MTPA. 

Port of Fredericia (Skærbækværket) – only in the scenario: Build and they will join

With a location 40 km from the CO2 backbone pipeline, Port of Fredericia/Skærbækværket is a relevant point of entry for the 

imported CO2 into the CO2 pipeline network. Port of Fredericia have expressed interest in CCU in combination with hydrogen, 

hence it is not considered relevant for CCS in "Each on their own". 
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Source: Google Maps. Location of Ports has been applied manually.

Scenario Development
Selected Ports
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Background

Offshore storage will occur on sites with and without previous 

production (oil and gas)

The two operators of oil and gas fields in Denmark each have 

an ongoing project for CCS, each marked on the map to the 

right.

Total Energies EP Denmark A/S is leading the consortium 

behind the CCS project Bifrost which aims for an injection 

capacity of 16 MTPA. The Bifrost project expects the CO2 to 

be transported to the site via a repurposed existing gas 

pipeline from the shore and via offshore offloading from 

ships. 

INEOS E&P A/S is leading the consortium behind the CCS 

project Greensand which aims for an injection capacity of 8 

MTPA. The Greensand project expects CO2 to be delivered 

by offshore offloading and the project will not be connected to 

an onshore CO2 network

Storage capacity for this study

In the scenario “Each on their own”, the injection capacity 

will be 8 MTPA and 5 MTPA for Greensand and Bifrost, 

respectively. Increasing the capacity of Bifrost will depend on 

receiving CO2 from a CO2 backbone pipeline

In the scenario “Build and they will join” - Current 

pathway, the injection rates will be 8 MTPA and 10 MTPA for 

Greensand and Bifrost, respectively as Bifrost in this scenario 

receives some CO2 volumes from a CO2 backbone pipeline. 

In the scenario “Build and they will join” - Net Zero 

pathway, the injection rates will be 8 MTPA and 16 MTPA for 

Greensand and Bifrost, respectively.

The applied injection rates are based on input and official 

information from the developers of the Bifrost and Greensand 

projects 

29

Scenario Development
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Background and sources

Each injection well in the storage sites have an injection rate depending on storage properties. Capacity is typically 

between 0.2 and 1.0 MTPA per well. Injection wells in the same storage site will influence each other; hence the overall 

injection rate may not increase linearly with the number of wells

GEUS has studied the Havnsø reservoir with regards to injection rates and has obtained an injection rate of 3 MTPA 

with 3 wells. Similarly, for Hanstholm, GEUS has obtained an injection rate of 8 MTPA with 8 wells. The referenced 

GEUS studies are presented in GEUS note no. 331-0002 of 27-04-2021. GEUS has not made similar investigations of 

the Gassum and Thorning storage sites. 

In the area north and northeast of Hanstholm, there are multiple potential storage sites. To address the potential in near 

shore storage capacity in the Northwestern part of Jutland, these sites are described as NW Jutland for the remaining 

part of the study. 

The injection rates for all the storage sites are given for each scenario in the next slide

Build and they will Join – Current pathway

Injection rates for the Gassum and Thorning sites are based on what is assumed required as a minimum to make the 

storage site economically feasible. Based on the GEUS study, the Thorning storage site is smaller than the Gassum 

storage site, hence the injection rate is reduced compared to Gassum.

The injection rate for the Havnsø and NW Jutland sites are based on the estimates in the GEUS study

Build and they will Join – Net Zero pathway

Based on the high levels of uncertainty in the GEUS data, the injection rates are increased in this scenario with 50% for 

all onshore storage sites. The injection capacities are of the same magnitude as other CCS early-stage projects

30

Scenario Development
How to identify injection rates onshore

Created by ChatGPT - DALLE



DNV © 15 JANUARY 2024

In the scenario “Each on their own” it is assumed that only the onshore storage 

sites Havnsø and Gassum will be developed. These sites have had the most 

attention from different feasibility studies and is therefore assumed to be the first 

sites to be developed. For these storage sites to be developed, it will require 

agreements with several emitters in order to deliver a sufficient level of CO2. The 

investment costs and risks in developing a storage site are very high, and hence 

only two onshore locations are included in the scenario. 

In the scenario “Build and they will join” four onshore locations are developed. 

As described in our methodology on storage sites, due to uncertainties pertaining 

to the size of storage capacities and injection rates, we distinguish between a 

case with a low and a high case of injection rates that is applied in the "current 

pathway" and "net zero pathway" scenarios, respectively. 

The table to the right gives an overview of onshore and offshore injection rates 

assumed for the scenarios in this study. At most, 48 MTPA CO2 could be stored 

in Danish onshore and offshore storage sites. 

As explained in the previous chapter, there are large uncertainties related to the 

storage capacities and injection estimates. 
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MTPA Each on their own
Build and they will join

Low injection rates

Build and they will join

High injection rates

Onshore sites / Nearshore sites

Gassum 3 3 4.5

Thorning Not being developed 2 3

Hanstholm (NW Jutland) Not being developed 8 12

Havnsø 3 3 4.5

Offshore sites

Greensand 8 8 8

Bifrost 5 10 16

Total 19 34 48

Scenario Development
Total storage potential
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Scenario Development
Lead times for CCS project development
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For the development of full CCS value chains, the coherent timing of each part of the chain 

is crucial. Capture, transport and storage projects roughly require the same amount of time, 

which means that they also must be developed simultaneously. The figure on the right-hand 

side shows a simplified Gantt chart for a complex CCS project. Typical project times are 

around 9-10 years, though, for depleted fields, project times can be significantly shorter, i.e., 

3-7 years.

Building or retrofitting a capture facility is a complex industrial project and requires 

studies, from concept, to pre-feasibility, feasibility detailed complex engineering studies. 

According to the Global CCS Institute, historically, constructing CCS facilities has taken 

about 3-4 years. There is limited data on the initial phases of most projects, but for some 

projects with available data, the timeline for the initial phase amounts to 3-4 years from 

project identification to the start of construction. Consequently, a CCS project typically 

takes 6-8 years from inception to operation.

Commercial agreements with counterparties, e.g., CO2 offtake agreements, add another layer 

of complexity. This is related to the storage part of the CCS value chain. Storage 

development entails extensive geological studies, which can take more than 5 years to 

complete. After that, another 1-2 years are necessary for making the storage site operational, 

depending on the degree of complexity (e.g., onshore versus offshore storage). This timing 

assumes that all initial geological storage, exploration and operation permits are 

obtained on time, though, generally, completing environmental impact assessment processes 

and obtaining the necessary approvals for geological storage requires years to complete. 

Although pipeline transport is a mature technology, permits, land rights or right of way need 

to be obtained, and all necessary studies (pre-feasibility, feasibility, FEED studies) need to be 

accomplished. Public opposition might play a role and delay pipeline projects. 

Source: Global CCS Institute, Global Status of CCS 2022

https://status22.globalccsinstitute.com/wp-content/uploads/2023/03/GCCSI_Global-Report-2022_PDF_FINAL-01-03-23.pdf


DNV © 15 JANUARY 2024

Scenario Development
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Scenario 1/Base case “Each on their own” 

The philosophy for this scenario is that with the current political 

incentives each of the Danish capture projects are in direct competition 

with each other for state funding. The focus for the capture projects will 

be towards being early movers in the market. The timeline for onshore 

storage development is expected to start later and last longer compared 

to the Danish capture projects. The Danish captured volumes therefore 

have to be exported and stored offshore either in or outside Denmark.

Hence in this scenario, each emitter and/or storage operator acts on its 

own and builds a land-based pipeline between the capture site and the 

CO2 storage/shipping facility. The individual CO2 storage/offshore 

infrastructure can be used by several emitters.

For this scenario it is expected that localized CO2 infrastructure will 

appear at some of the Danish ports and that it will serve the emitters 

located nearby. It is expected that two onshore storage sites, Havnsø 

and Gassum, will be developed in a closed value chain, and that two 

offshore storage sites Bifrost and Greensand also will be developed. 

The captured local CO2 emissions will be exported to either 

onshore or offshore storage sites in Denmark and the remaining 

storage capacity will be utilized by imported CO2.

No CO2 backbone pipeline is expected and the offshore storage project 

Bifrost will only develop to the extent feasible for offshore offloading of 

CO2.  

The Early-stage developments in this scenario 

considers the projects that will be active before 2030:

Aalborg; Local CO2 emissions of 0.5 MTPA from 

Aalborg Portland will be captured. A CO2 port terminal 

will handle export of CO2 of 0.5 MTPA for offshore 

storage. 

Copenhagen; Local CO2 emissions of 1.0 MTPA 

from HOFOR Amagerværket and ARC Amager Bakke 

will be captured and transported in a pipeline to 

nearby port facilities at Prøvestenen and exported to 

offshore storage. 

Kalundborg; Local CO2 emissions of 0.5 MTPA from 

Ørsted (Asnæsværket and Avedøreværket) will be 

exported to Northern Lights as part of a CCS project 

which Ørsted received funding for in 2023. 

Esbjerg; Local emissions of 0.3 MTPA from local 

emitters hereunder a local waste-to-energy plant will 

be captured. The CO2 is transported in a short 

pipeline to the CO2 terminal located at the most 

eastern area of the port and exported to offshore 

storage.

The Later stage developments in this scenario 

considers the projects that will start operation from 

2030:

Onshore storage sites Gassum and Havnsø are 

expected to be developed in addition to extensions 

of the early-stage CCS projects:

Port of Aalborg - Gassum; Additional local CO2 

emissions of 0.5 MTPA will be captured. A CO2 port 

terminal will handle imported CO2 of 2.5 MTPA. The 3 

MTPA will be transported to Gassum storage site in an 

85 km pipeline. Gassum storage site will be developed 

with an injection capacity of 3 MTPA.

Port of Copenhagen; Additional local CO2 emissions 

of 0.6 MTPA from HOFOR Amagerværket and ARC 

Amager Bakke will be captured. The existing export 

terminal will be expanded to facilitate 1.6 MTPA in 

total and the 0.6 MTPA will be exported to 

Kalundborg. 

Port of Kalundborg; The existing export terminal will 

be expanded to handle import volumes of 3 MTPA. 

Kalundborg will be connected to Havnsø storage site 

in a 25 km pipeline and Havnsø storage will be 

developed with an injection capacity of 3 MTPA. 
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Capture and storage project development 

In this scenario, the port terminals and capture facilities will make final 

investment decisions and start operations before the onshore storage 

sites. 

These captured volumes are assumed to be exported and stored in 

offshore storage sites such as Bifrost, Greensand or Northern Lights. It 

is assumed that contractual obligations will then prevent some of the 

captured emissions in Denmark to be stored onshore in Denmark.

The onshore storage sites therefore end up being used for imported 

CO2, and the port developments end up facilitating large CO2 volumes 

for both import and export. 

To illustrate this the figure to the right includes both import and export 

out of the same port. 

The volumes handled is summarized in below table:

Cap: 0.3 MTPA

Exp: 0.3 MTPA

Cap: 0.5 + 0.5 MTPAImp: 2.5 MTPA

Cap: 0.5 MTPA

Imp: 3 MTPA

Cap: 1 + 0.6 MTPA

Exp: 1 + 0.6 MTPA

3 MTPA

Inj: 3 MTPA

Cap: Captured volume

Inj: Injected volume

Imp: Imported volume

Exp: Exported volume

3 MTPA

Inj: 3 MTPA

MTPA
Injection capacity/ 

injected volumes

Onshore storage

Gassum 3

Havnsø 3

Offshore storage

Greensand 8*

Bifrost 5*

* Bifrost and Greensand will be 

independent of onshore infrastructure in 

Denmark and imports will not be limited 

to countries within the capture map 

Exp: 0.5 MTPA

Exp: 0.5 MTPA

Location Captured CO2 Exported by ship Imported Danish CO2 Imported foreign CO2

Aalborg 1.0 MTPA 0.5 MTPA - 2.5 MTPA

Copenhagen 1.6 MTPA 1.6 MTPA - -

Kalundborg 0.5 MTPA 0.5 MTPA 0.6 MTPA 2.4 MTPA

Esbjerg 0.3 MTPA 0.3 MTPA - -

Total volumes 3.4 MTPA 2.9 MTPA 0.6 MTPA 4.9 MTPA

Total CO2 volumes stored

Danish CO2 Volumes

Based on the assumptions in this scenario, a total of 

3.4 MTPA of Danish CO2 is captured. 1.1 MTPA of 

those will be stored onshore whilst the rest is exported 

to offshore storage sites.

Imported CO2 volumes

In this scenario the import volumes from the Current 

Pathway scenario is used. The captured CO2 volumes 

will come by vessel and make up 4.9 MTPA CO2  

which will utilise the remaining storage capacity.

Background and sources

The included storage projects in this scenario is based 

on the maturity of current storage projects in Denmark. 

Based on official data and developer communications. 

It is believed that Bifrost, Greensand, Gassum and 

Havnsø will be developed regardless of the 

development of a larger CCS-industry in Denmark.

The capture projects included in this scenario is based 

on where the largest point emissions in hard to abate 

sectors are placed in Denmark. These projects are 

also under development already and are positioning 

themselves to apply for government funding. The 

volumes captured are in line with official numbers and 

decarbonization strategies. 
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Source: Google Maps. Location of storage sites has been applied manually.

Please note that the pipeline routing in straight lines is illustrative and that when deciding on the final location, consideration must be given 

to several aspects such as conservation issues, the location of large point sources etc.

Scenario 2a – Current pathway

In scenario 2a – Current Pathway, the infrastructure development is coordinated, hence more 

national CO2 will be captured due to the supporting infrastructure. The CO2 ports in Aalborg, 

Esbjerg and Kalundborg are included as it is expected that these ports will be developed because 

of timing as presented in Scenario 1. The CO2 port in Copenhagen will however not be built as 

the CO2 will be transported by pipeline to Havnsø. Instead, a port in the Fredericia area will be 

developed to increase import capacity by vessel.   

The CO2 from the Copenhagen area will be transported by pipeline to Havnsø storage site with a 

further connection to Kalundborg. It is expected that a total of 3.5 MTPA CO2 will be captured on 

Zealand and the surplus of 0.5 MTPA CO2 will be exported to Fredericia.

The CO2 backbone pipeline in Southern Jutland is designed to facilitate import of 16.5 MTPA  

CO2 from Germany. From the intersection at Egtved, it connects to the pipeline to Bifrost storage 

site and Fredericia which are designed based on the storage capacity and imported and captured 

volumes. The pipelines running north from Egtved are designed based on the available storage 

capacity further north. The pipeline between Egtved and Thorning is thus designed for the 

capacity equivalent to the total storage capacity of NW Jutland, Gassum and Thorning.  

The volumes stored in this scenario will partly utilize the Greensand storage site which still relies 

on offshore offloading of CO2 volumes. 

MTPA Injection capacity Injected volumes 

Onshore / Near shore storage

Gassum 3 3

Thorning 2 2

NW Jutland 8 8

Havnsø 3 3

Offshore storage

Greensand 8 3.3 + 4.7* = 8

Bifrost 10 10

Imp: 2.1 MTPA

Cap: 0.6 MTPA
Greensand 

storage
Inj: 3.3 + 4.7* = 8 MTPA

CO2 origins
Low case 

potential

Actual 

volume

National CO2 5.4 5.4

Imported, vessel 7.4 4.1+8*

Imported, pipeline 16.5 16.5

Total volume 29.3 34.3

3 MTPA

Inj: 3 MTPA

Exp: 0.5 MTPA

Cap: 3 MTPA

Cap: 0.5 MTPA

Imp: 16.5 MTPA

3 MTPA

13 MTPA

8 MTPA

3 MTPA

3 MTPA

11 MTPA

Imp: 2  MTPA

Cap: 1.0 MTPA

Inj: 3 MTPA

Inj: 2 MTPA

10 MTPA

17 MTPA

Inj:  8 MTPA

Cap: 0.3 MTPA

Bifrost 

storage
Inj: 10 MTPA

Scenario Development
Scenario 2a: “Build and they will join”

Cap: Captured volume

Inj: Injected volume

Imp: Imported volume

Exp: Exported volume

*Greensand will be independent of 

onshore infrastructure in Denmark and 

imports will not be limited to countries 

within the capture map. 

Of the 8 MTPA injected, the 3.3 MTPA 

origins from inside the capture map and 

4.7 MTPA origins from outside the 

capture map or from sectors not included

Scenario 2 – “Build and they will join” 

In both scenarios called “build and they will join”, the infrastructure with the development of 

storage sites and backbone pipeline grid, will be planned, built and set in operation 

simultaneously in a rough 2030 timeline. The pipeline infrastructure will be designed to facilitate 

the expected storage capacity and take into account domestic and foreign volumes of CO2. In 

order for this to be feasible and for the infrastructure to facilitate CCS market development 

sticking to the 2030 timeline is key. These scenarios assumes a degree of public participation and 

coordination in order to facilitate simultaneous developments and resulting societal benefits

NW Jutland 

storage



DNV © 15 JANUARY 2024

Bifrost 

storage

Imp: 33.6 MTPA

3 MTPA

Inj: 4.5 MTPA

1 MTPA

20 MTPA

12 MTPA

5 MTPA

1 MTPA

17 MTPA

Imp: 1 MTPA

Cap: 1.0 MTPA

Cap: 3 MTPA

Cap: 0.5 MTPA

Inj: 16 MTPA

Inj: 4.5 MTPA

Inj: 3 MTPA

Cap: 0.3 MTPA

Greensand 

storage
Inj: 8 MTPA

16 MTPA
Cap: 0.6 MTPA

34 MTPA

Inj:  12 MTPA
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Scenario 2b – Net Zero pathway

In scenario 2b – Net Zero Pathway, the Danish onshore and offshore storage capacity is 

increased. The actual stored volume is lower than the potential captured CO2 volumes, which 

means that there is also a potential for additional storage sites. The pipeline infrastructure will 

be designed to facilitate the expected storage capacity. 

The CO2 ports in Aalborg, Esbjerg and Fredericia are not needed as there in this scenario is 

sufficient imported CO2 by pipeline, which is more cost efficient compared to vessel import. 

The CO2 from the Copenhagen area will be transported in a pipeline to Havnsø storage site 

with a further connection to Kalundborg. It is expected that a total of 3.5 MTPA CO2 will be 

captured on Zealand and the remaining 1 MTPA CO2 to fully utilize Havnsø storage site will be 

imported in Kalundborg. 

The CO2 backbone pipeline in Southern Jutland is designed to facilitate import of 33.6 MTPA 

CO2 from Germany. From the intersection at Egtved it connects to the pipeline to Bifrost 

storage site and Fredericia which are designed based on the storage capacity and imported 

and captured volumes. The pipelines to north of Egtved are designed based on the storage 

capacity, ie. Pipeline between Egtved and Thorning is designed for the capacity equivalent the 

total storage capacity of NW Jutland, Gassum and Thorning. 

The volumes in this case will utilize the Greensand storage which still relies on offshore 

offloading of CO2 volumes. 

This scenario is a "high case" scenario which shows the optimal layout given the CO2 volumes 

available. Effectively, this scenario shows that if Denmark can utilise the full potential of CO2 

imports from Germany, vessel imports to the ports make less financial sense.  

MTPA Injection capacity Injected volumes 

Onshore storage

Gassum 4.5 ´4.5

Thorning 3 3

NW Jutland 12 12

Havnsø 4.5 4.5

Offshore storage

Greensand 8 8

Bifrost 16 16

CO2 origins
high case 

potential

Actual 

volume

National CO2 5.4 5.4

Imported, vessel 9.8 1+8

Imported, pipeline 43 33.6

Total volume 58.4 48

Scenario Development
Scenario 2b: “Build and they will join”

Cap: Captured volume

Inj: Injected volume

Imp: Imported volume

Exp: Exported volume

*Greensand will be independent of 

onshore infrastructure in Denmark and 

imports will not be limited to countries 

within the capture map. 

Of the 8 MTPA injected, the 8 MTPA 

origins from inside the capture map. 

NW Jutland 

storage

Source: Google Maps. Location of storage sites has been applied manually.

Please note that the pipeline routing in straight lines is illustrative and that when deciding on the final location, consideration must be given 

to several aspects such as conservation issues, the location of large point sources etc.
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Pipeline lengths and required capacities

Ports and required capacities
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"Build and they will join"– Pipeline routing

The proposed pipeline infrastructure routing is based on a high-

level evaluation. The drawing of transmission pipes in straight lines 

is illustrative. When deciding on the final routing, consideration 

must be given to elements such as conservation issues and the 

location of major point sources.

The routing on Zealand connects Copenhagen and Kalundborg via 

the storage site at Havnsø. 

The routing on Jutland proposes a similar route, as for the 

transmission gas pipelines from Ellund to Egtved compressor 

station and from Nybro to Egtved. Egtved is a point of interest for a 

CO2 backbone pipeline due to future hydrogen backbone. 

Routing north of Egtved is the direct line to Thorning storage site. 

The backbone pipeline divides into a Gassum line and Hanstholm 

line near the city Tjele, where a large power transformer station is 

located, hence a potential location for future PtX and therefore a 

point of interest for a CO2 backbone pipeline. 20 km north of Tjele, 

on the route to Hanstholm, the gas storage site Lille Torup is 

located. Evaluations of converting the storage site to hydrogen is 

ongoing, hence this will also be a point of interest for a CO2 

backbone pipeline. 

"Build and they will join"– Ports

The ports needed in scenario 2a and 2b differs due to available 

imports by pipeline, which is considered more cost efficient. 

Pipeline infrastructure Distance
Capacity – Current 

Pathway

Capacity – Net Zero 

Pathway

Jutland

Ellund – Egtved 90 km 17 34

Egtved – Nybro 55 km 10 16

Nybro – Esbjerg 30 km 1 1

Egtved – Fredericia 45 km 3 1

Egtved – Thorning 80 km 13 20

Thorning – Tjele 30 km 11 17

Tjele – Hanstholm 110 km 8 12

Hanstholm – Offshore 40 km 8 12

Tjele – Gassum 30 km 3 5

Gassum - Aalborg 85 km 3 1

Zealand

Kalundborg - Havnsø 25 km 3 3

CPH – Havnsø 65 km 3 3

Scenario Development
Scenario 2: “Build and they will join”

Port infrastructure Capacity – Current Pathway Capacity – Net Zero Pathway

Aalborg 2.5 -

Copenhagen - -

Kalundborg 0.5 1

Esbjerg - -

Fredericia 2.1 -
Source: Google Maps. Location of storage sites has been applied manually.

Please note that the pipeline routing in straight lines is illustrative and that when deciding on the 

final location, consideration must be given to several aspects such as conservation issues, the 

location of large point sources etc.
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Cost Estimation
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Cost estimation
Overview

In this section we give a detailed cost estimation of the infrastructure in the scenarios presented in the 

previous section. This includes CAPEX and OPEX estimations for:

• CO2 terminals in ports

• Port import facilities

• Port export facilities

• Pipelines and adjacent installations

This chapter also includes background information for relevant topics in order to get a better understanding 

of the estimations. An introduction to costs associated with pipelines and ship transport and vessel 

requirements is therefore also given. 

The assumptions for the cost estimations are stated before the cost estimations are presented for :

• Scenario 1: “Each on Their Own”

• Scenario 2a: “Build and they will Join – Current Pathway

• Scenario 2b:  “Build and they will Join – Net Zero Pathway

We also give a short overview of storage costs used in the Cost-Benefit analysis
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Cost estimation
Key value chain elements

40

Liquefaction. Liquefaction is necessary for the transportation of CO2 by ships, trains, or trucks, typically involving specific conditions such as a medium pressure range of 15/20 bar and 

temperatures between -20°C to -30°C. This involves a crucial step in which CO2 is cooled and pressurized.

Buffer storage. Buffer storages are essential for preparing CO2 for transportation via ships, trains, or trucks. These storage tanks vary in size but are generally crafted to hold CO2 

quantities equivalent 1-1.5 times the ship size.

Loading facilities. Loading facilities encompass pumps, piping, and other necessary infrastructure that facilitates the transfer of CO2 from buffer storage to the actual transport means 

such as ships, trains, or trucks.

Ship. Ships used for transporting CO2 can be purpose-built or adapted for this role. They come in three pressure types: low pressure, medium pressure, and high pressure. Currently, 

medium pressure technology is the most developed. Although their size is relatively small today (<10,000 m3), the industry is actively working to expand these ships to a capacity of up to 

50,000 m3.

Pipeline. In the CCS context, pipelines may operate both with gas and dense phase, and they consist of interconnected pipes, valves, and monitoring systems, ensuring the safe and 

efficient transfer of CO2.

Train. The transportation of CO2 by train utilizes specialized railcar tankers, typically with a capacity of approximately 80 tons. These tankers are typically designed with insulation to 

maintain temperature control but do not require refrigeration. This insulation helps ensure the stable and safe transport of CO2 by rail.

Truck. CO2 can be transported via tank trucks, with the tanker's capacity subject to local regulations but generally falling within the range of 20 to 40 tons. Much like trains, these trucks 

are typically equipped with insulation to regulate temperature but do not necessitate refrigeration for CO2 transportation.

Unloading facilities. Unloading facilities encompass a set of essential components, including pumps, piping, and other infrastructure, that facil itate the transfer of CO2 from the transport 

mode (such as ships, trains, or trucks) to the next item in the value chain, typically a buffer storage system.

Compressor. Compressors play a crucial role in the transportation of CO2 by pipeline, whether for gas or dense-phase CO2. Typically, CO2 at atmospheric conditions undergoes a 

sequence of intercooled compression stages, often numbering between 3 to 5, to achieve the necessary conditions for pipeline transport.

1. Because of fluid dynamic phenomena, the fluid experiences heating during compression, resulting in undesirable effects like expansion and thermal stress on the compressor. Therefore, the fluid is cooled down through the use of a heat 

exchanger at each compression stage.

The table below introduces the primary facilities involved in the CO2 transport value chain. These will be used as a basis for the explanations in the following section. The costs of developing the 

storage sites are not included in this chapter. A rough estimate is however included in the Cost-Benefit analysis chapter.
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Cost estimation
CO2 transport value chain - Pipelines

Pipelines enable the continuous transportation of fluids, eliminating the need for buffer storages. Following capture, CO2 undergoes conditioning for transportation, which includes processes aimed 

at meeting the necessary specifications for safe transport and storage, such as reducing impurity levels (e.g. dehydration).

Subsequently, the CO2 is compressed and introduced into the pipeline system. There are two distinct possibilities:

• Gas phase transport: Similar to natural gas, CO2 is conveyed in its gaseous phase, maintaining a pressure below 40-50 bar (subject to project-specific considerations). For extended pipeline 

routes, the inclusion of boosting stations may become necessary.

• Dense phase transport: This represents the prevailing method for CO2 transportation. The carbon dioxide's pressure is typically raised to 80-120 bar through multi-stage compressors before 

injection into the pipeline system.

In typical pipeline transport scenarios, temperature control is not applied once the fluid is injected into the pipeline. Consequently, the fluid tends to reach a thermal equilibrium with its surrounding 

environment. Any phase change that occurs during pipeline transport is generally undesirable and discouraged by regulations (e.g. ISO 27913). Therefore, to maintain the fluid in the desired phase, 

pressure control is employed. For dense phase transport, the pressure must be maintained above 80 bar, while for gas phase transport, it should be kept below 40-55 bar, depending on the 

ambient temperature.
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Cost estimation
Pipeline transport

Pipeline transportation is typically the most viable and cost-effective method for conveying fluids, 

especially when the flow rate is moderate to high, and the distance is not overly extensive, often spanning 

several hundreds of kilometres. In general, pipelines exhibit a high level of technical maturity for most 

fluids, whether they are used in offshore or onshore settings. Some differences occur between onshore 

and offshore pipelines as inshore are more cost efficient also for longer distances.

The transport of carbon dioxide (CO2) via pipelines has been in practice in the United States since the 

1970s1. Over the years, the United States has developed extensive pipeline networks2 primarily designed 

to transport carbon dioxide in dense phase, mainly sourced from onshore natural deposits and gas 

processing facilities, primarily for Enhanced Oil Recovery (EOR) purposes. 

However, when considering Carbon Capture and Storage (CCS) applications, distinct challenges may 

arise, such as variations in CO2 composition and phase, safety considerations when transporting CO2 in 

urban areas, and more. It's essential to recognize that the regulatory landscape and stakeholder 

responsibilities in the United States may significantly differ from other regions, notably Europe.

It's worth emphasizing that designing an optimal CO2 pipeline system can be a complex endeavour. This 

complexity arises due to the critical conditions of CO2 (with a critical temperature of 31°C and critical 

pressure of 74 bar for pure carbon dioxide) within the typical operating ranges for compressors and 

pipelines. 

The choice of the most suitable pipeline configuration often involves a careful evaluation of multiple 

factors, including cost considerations, flow rates, geographical positioning, operational constraints, safety 

aspects, and regulatory requirements, among others. CO2 is typically transported in either a gaseous or 

dense phase in pipelines; each configuration coming with its own set of advantages and disadvantages.

Pipelines experience substantial advantages due to economies of scale. In order to maximize these 

benefits, there is a growing trend of collaborative efforts among stakeholders to develop larger pipelines or 

networks for CO2 transport. Notable examples of such projects include the HyNet North West initiative 

and the Alberta Carbon Trunk Line system.

42

1. https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_chapter4-1.pdf

2. https://www.eeia.org/post/CCUS-Pipeline-Transport-Meeting-the-Dual-Challenge.pdf
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Estimating pipeline costs is a complex exercise due to numerous influencing factors, such as:

• Distance: The distance over which the pipeline is to be laid is a fundamental determinant of the overall cost. It's intuitive that the longer the pipeline, the higher the 

cost. This is because longer pipelines require more materials, labour, etc.

• Rate: The flow rate or volume of fluid transported through the pipeline is another crucial factor. Higher volumes necessitate larger pipeline diameters to 

accommodate the flow, resulting in additional costs for materials (particularly steel), transportation, installation, and associated infrastructure.

• Pressure: Increasing the density of the fluid requires greater pipeline wall thickness.
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• Location (terrain). Pipelines can be either onshore, offshore or partly onshore 

and partly offshore.

• Onshore: Constructing a pipeline through challenging landscapes or urban 

areas may require special engineering solutions, impacting overall expenses. 

The local terrain and the presence of existing human infrastructure, such as 

roads and buildings, can greatly affect costs

• Offshore: Offshore pipelines are usually more expensive than onshore ones, 

due to the much more difficult installation method.

Installation of an onshore pipeline

Source: Larry Lee/Construction Photography/Avalon/Getty Images

Cost estimation
Pipeline transport – Cost Overview I
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Location (geographical). The choice of countries for pipeline installation can impact the overall cost of the facility for various reasons. 

Factors like resource availability and political stability play a crucial role in this regard.

Fluid Phase: Dense phase transport have a higher flowrate compared to gas phase transport. Dense phase transport tends to be 

associated with lower costs, due to smaller diameters required.

Specifications: Corrosive substances may require more costly materials, such as stainless steel or even corrosion resistant alloys.

Steel Cost Variations: The cost of carbon steel, the primary material used in pipelines, fluctuates significantly over time. These fluctuations 

in steel prices can significantly impact the overall cost of pipeline construction.

Regulations: Compliance with local, national, and international regulations and standards is mandatory.

Financial Parameters and Financial Model: Various financial factors also play a role in cost estimation. The Weighted Average Cost of 

Capital (WACC) and the project's expected lifetime can influence financing costs and, in turn, the project's overall cost.

In summary, providing an accurate cost estimation for pipelines involves a comprehensive analysis of these interconnected parameters but 

due to the complexity of these projects and the potential variations in each of these factors, cost estimations during feasibility and pre-

feasibility phases tend to be high-level.
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Cost estimation
Pipeline transport – Cost Overview II
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The value chain related to CO2 transport via ships, trains, and trucks comprises several shared elements. To align with the specific transport requirements, which 

often involve "medium pressure" conditions, including pressures of 15-20 bar and temperatures ranging from -20°C to -30°C, the CO2 undergoes compression and 

cooling. This involves a liquefaction phase followed by the transfer of CO2 into buffer storage tanks. These sizable, insulated tanks provide operational flexibility, a 

critical factor given the discrete nature of ship, train, and truck transport methods.

Once in buffer storage, the CO2 is loaded onto the appropriate transport mode and transported to its destination. Upon arrival, it is unloaded and injected into 

additional buffer storage units. Finally, the CO2 undergoes further conditioning before being injected into the underground storage, which typically includes 

pressurization and heating to around 0-5°C.
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Cost estimation
CO2 transport value chain – Ships

Buffer storageLiquefaction ConditioningBuffer storage
Unloading 
facilities

Truck

Ship

Loading 
facilities

CO2 capture 
plant

Storage

BATTERY LIMITS IN THIS REPORT

Train
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Cost estimation
CO2 transport by ship
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The CO2 shipping sector has been in operation since the late 1980s, but it still lacks extensive large-scale experience. Such vessels are 

designed for transporting CO2 in liquid phase, similar to the characteristics of liquefied petroleum gas (LPG) carriers. The existing 

knowledge base for large-scale CO2 shipping is quite limited and primarily pertains to ships used in the European CO2 trade for 

industrial purposes. These ships are relatively small, with capacities ranging from 900 to 1850 m3. This scale is considerably smaller 

compared to what is anticipated for future CCS value chains, making them of limited potential utility in both current and upcoming CCS 

projects.

Source: Yara International @yara

Efforts are underway to advance towards larger ships. Presently, 

medium-pressure CO2 transport, operating at approximately -25/-30°C 

and 13-16 bar, represents the state of the art for large Carbon Capture 

and Storage (CCS) projects. Today two such vessels are in construction 

for the Northern Lights project. Whilst currently in development, today 

neither low-pressure nor high-pressure alternative concepts have been 

realized in vessel contracts.

Ongoing research and development work is exploring the feasibility of 

transporting CO2 by ship at lower pressures, closer to the triple point of 

CO2. These developments are considering ship capacities ranging from 

30,000 to 50,000 m3. 
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Cost estimation
Transport by ship – Thermodynamic conditions

47

There are three transport configurations that are deployed for CO2 transport by ship:

Low Pressure

(7-10 barg, -50°C):

• No operational experience

• Allow larger cargo tanks and reduced cost for 

shipping  

• Increased cost for liquefaction and processing for 

injection (relative to medium pressure) 

• Selected regime for Stella Maris initial phases

Medium pressure

(15-20 barg, -30°C):

• Mature technology (decades of operational 

experience)

• Limitations to cargo tank size

• Selected regime for Northern Lights initial phases

High pressure

(40-50 barg, >0°C):

• Novel design, no operational experience

• Scalable and flexible design

• Reduced cost for liquefaction and processing for 

injection (relative to medium pressure)

Source:A Feasibility Study on 

CO2 Marine Transport in South 

Korea (sciencedirectassets.com)

Source: Yara international

Yara’s liquid CO2 carriers The tank concept developed by Knutsen. 

The CO2 is stored in bundles of vertically 

stacked, small-diameter pressure cylinders.

Conceptual drawing of CO2 carrier

https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610213X00074/1-s2.0-S1876610213004505/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEGAaCXVzLWVhc3QtMSJHMEUCIELYQpu5VEbVDcUhax6d%2B2pb276olAvqTU5ZXUuzNkc%2FAiEAgRMwvlbnoVs6riy0W4xLQAP7FSOu0DEWEa69E27UBKkqgwQI6f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAEGgwwNTkwMDM1NDY4NjUiDLc7BIYySqR0yz%2F1lSrXA9V1VaHSMb4vq37fjbzVeFsXb94xVsI446MMmxtJNZy1yrwYTbCDrdoxxdpgUH4DVgDZGG%2BcCIBN%2FRnNv4PVl8pI%2BO68nu6VYO2gwpLhoGW7z2%2Bsn78XomfTBa7B7Sv436W2Q9kTIkROP4S%2BW1%2Bzz02bo9ibS%2FJP1UvA92RJN41fxniaedhpFG8unSENbt1Ynlin9JyPSlifE0ha7aomXsZbQqWGO%2BlgsRH1H2O5i5Jx%2FtrPpxXczpgeEwLYwHDNNtabZO5gfsyfxyCju6OP9wmZ1H6vkIqvUdSearBmXftR%2B8XJJxpXYZ0QBcTr1ifX4cXrO3eNCA2Hg87xlVPzaGWi8vm74uKxkCOMpCnAWJbqC00p7enUjegLS0r%2BhpSe8V1pIzx52DhyRGURPn3kB0K2bIEyIHq2YKWhEfcGaP371G%2FEaqWaAmkjGab8IOurpoGkynFlK%2FjQbS5tWkpL33yYiDKzQDmA2BngIds%2F4rA97Bv7BWw%2FXSyrKu4uHnmFx7CvIu58S7XsOav%2B3D%2BrulHohWwZTAMvtPfs6LT6HwnCIb7mZVsXwBYeUUnApcPkDqVHdFOFIC7TuVUw7twEmZg6He2hlLG3ct5jsZQeyxOcLUbG9yoQZTDklpCSBjqlAZFm18wEY2ZJVNP%2F4FsiHaGszuPoSSPYHTpFUnMSTGaYgiVO2hQNGqd26Ie7tmQGiAeN34CFosRMomPseTpAKV2jKEyKfbtMpcCfS16sVFXPm7SYk1sFCk2TZIpGNeUc3iZHXx3UVGDzxfPBn%2FOzPRenyb9P6h7IpnYCTPDSd%2BFMV3n48S2Bar075Igw3gszijXx6NLJUn9QgV20OKQS81KGVqXn1A%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220330T084839Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5BRPBDLR%2F20220330%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=90e02b7917d951785d446f1014c881f7c8502db8cd3706219d97f139137d903f&hash=7c42ff0bf5760782282df656618cbe6e8b8fb3bc523d0b7943896f980932f266&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610213004505&tid=spdf-d3e475aa-1c6f-44a7-8d93-d7d543d3b8f1&sid=2f4c337d3bf45249587b04b61934cf023b04gxrqb&type=client&ua=4c005c025a575057590602&rr=6f3f96659dcf1bfa
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610213X00074/1-s2.0-S1876610213004505/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEGAaCXVzLWVhc3QtMSJHMEUCIELYQpu5VEbVDcUhax6d%2B2pb276olAvqTU5ZXUuzNkc%2FAiEAgRMwvlbnoVs6riy0W4xLQAP7FSOu0DEWEa69E27UBKkqgwQI6f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAEGgwwNTkwMDM1NDY4NjUiDLc7BIYySqR0yz%2F1lSrXA9V1VaHSMb4vq37fjbzVeFsXb94xVsI446MMmxtJNZy1yrwYTbCDrdoxxdpgUH4DVgDZGG%2BcCIBN%2FRnNv4PVl8pI%2BO68nu6VYO2gwpLhoGW7z2%2Bsn78XomfTBa7B7Sv436W2Q9kTIkROP4S%2BW1%2Bzz02bo9ibS%2FJP1UvA92RJN41fxniaedhpFG8unSENbt1Ynlin9JyPSlifE0ha7aomXsZbQqWGO%2BlgsRH1H2O5i5Jx%2FtrPpxXczpgeEwLYwHDNNtabZO5gfsyfxyCju6OP9wmZ1H6vkIqvUdSearBmXftR%2B8XJJxpXYZ0QBcTr1ifX4cXrO3eNCA2Hg87xlVPzaGWi8vm74uKxkCOMpCnAWJbqC00p7enUjegLS0r%2BhpSe8V1pIzx52DhyRGURPn3kB0K2bIEyIHq2YKWhEfcGaP371G%2FEaqWaAmkjGab8IOurpoGkynFlK%2FjQbS5tWkpL33yYiDKzQDmA2BngIds%2F4rA97Bv7BWw%2FXSyrKu4uHnmFx7CvIu58S7XsOav%2B3D%2BrulHohWwZTAMvtPfs6LT6HwnCIb7mZVsXwBYeUUnApcPkDqVHdFOFIC7TuVUw7twEmZg6He2hlLG3ct5jsZQeyxOcLUbG9yoQZTDklpCSBjqlAZFm18wEY2ZJVNP%2F4FsiHaGszuPoSSPYHTpFUnMSTGaYgiVO2hQNGqd26Ie7tmQGiAeN34CFosRMomPseTpAKV2jKEyKfbtMpcCfS16sVFXPm7SYk1sFCk2TZIpGNeUc3iZHXx3UVGDzxfPBn%2FOzPRenyb9P6h7IpnYCTPDSd%2BFMV3n48S2Bar075Igw3gszijXx6NLJUn9QgV20OKQS81KGVqXn1A%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220330T084839Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5BRPBDLR%2F20220330%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=90e02b7917d951785d446f1014c881f7c8502db8cd3706219d97f139137d903f&hash=7c42ff0bf5760782282df656618cbe6e8b8fb3bc523d0b7943896f980932f266&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610213004505&tid=spdf-d3e475aa-1c6f-44a7-8d93-d7d543d3b8f1&sid=2f4c337d3bf45249587b04b61934cf023b04gxrqb&type=client&ua=4c005c025a575057590602&rr=6f3f96659dcf1bfa
https://pdf.sciencedirectassets.com/277910/1-s2.0-S1876610213X00074/1-s2.0-S1876610213004505/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEGAaCXVzLWVhc3QtMSJHMEUCIELYQpu5VEbVDcUhax6d%2B2pb276olAvqTU5ZXUuzNkc%2FAiEAgRMwvlbnoVs6riy0W4xLQAP7FSOu0DEWEa69E27UBKkqgwQI6f%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAEGgwwNTkwMDM1NDY4NjUiDLc7BIYySqR0yz%2F1lSrXA9V1VaHSMb4vq37fjbzVeFsXb94xVsI446MMmxtJNZy1yrwYTbCDrdoxxdpgUH4DVgDZGG%2BcCIBN%2FRnNv4PVl8pI%2BO68nu6VYO2gwpLhoGW7z2%2Bsn78XomfTBa7B7Sv436W2Q9kTIkROP4S%2BW1%2Bzz02bo9ibS%2FJP1UvA92RJN41fxniaedhpFG8unSENbt1Ynlin9JyPSlifE0ha7aomXsZbQqWGO%2BlgsRH1H2O5i5Jx%2FtrPpxXczpgeEwLYwHDNNtabZO5gfsyfxyCju6OP9wmZ1H6vkIqvUdSearBmXftR%2B8XJJxpXYZ0QBcTr1ifX4cXrO3eNCA2Hg87xlVPzaGWi8vm74uKxkCOMpCnAWJbqC00p7enUjegLS0r%2BhpSe8V1pIzx52DhyRGURPn3kB0K2bIEyIHq2YKWhEfcGaP371G%2FEaqWaAmkjGab8IOurpoGkynFlK%2FjQbS5tWkpL33yYiDKzQDmA2BngIds%2F4rA97Bv7BWw%2FXSyrKu4uHnmFx7CvIu58S7XsOav%2B3D%2BrulHohWwZTAMvtPfs6LT6HwnCIb7mZVsXwBYeUUnApcPkDqVHdFOFIC7TuVUw7twEmZg6He2hlLG3ct5jsZQeyxOcLUbG9yoQZTDklpCSBjqlAZFm18wEY2ZJVNP%2F4FsiHaGszuPoSSPYHTpFUnMSTGaYgiVO2hQNGqd26Ie7tmQGiAeN34CFosRMomPseTpAKV2jKEyKfbtMpcCfS16sVFXPm7SYk1sFCk2TZIpGNeUc3iZHXx3UVGDzxfPBn%2FOzPRenyb9P6h7IpnYCTPDSd%2BFMV3n48S2Bar075Igw3gszijXx6NLJUn9QgV20OKQS81KGVqXn1A%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20220330T084839Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTY5BRPBDLR%2F20220330%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=90e02b7917d951785d446f1014c881f7c8502db8cd3706219d97f139137d903f&hash=7c42ff0bf5760782282df656618cbe6e8b8fb3bc523d0b7943896f980932f266&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=S1876610213004505&tid=spdf-d3e475aa-1c6f-44a7-8d93-d7d543d3b8f1&sid=2f4c337d3bf45249587b04b61934cf023b04gxrqb&type=client&ua=4c005c025a575057590602&rr=6f3f96659dcf1bfa
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Cost estimation
Vessel requirements

The main assumptions regarding vessel requirements in these cost estimations are:

• Rate = 0.5-20 Mton/y

• Distance = 1000 km

• Weighted Average Cost of Capital (WACC) = 6%

• Project lifetime = 25 years

• Ships are Low Pressure (LP) or Medium Pressure (MP) vessels

• Considered value chain assume CO2 to be at specification and include:

• Liquefaction

• Buffer storage (120% of ship capacity)

• Loading facilities

• Ships

• Unloading facilities

• Buffer storage (120% of ship capacity)

• Final conditioning for injection

• Round trip time calculated based on the following assumptions:

• Loading/unloading time 15 h

• Port entry/exit time 2 h

• Vessel speed 15 knots

• Vessel availability 95%
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Source: https://www.mhi.com/news/220202.html

Source: Yara International @yara
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Vessel requirements for 1000 km MP transport

Number of ships [/] Optimal ship size [kton]

Medium Pressure (MP) vessels are constrained by a maximum capacity of approximately 20 ktons. When dealing with higher rates, this necessitates a large fleet of ships, posing significant 

logistical challenges.

Conversely, Low Pressure (LP) ships are anticipated to have similar costs in terms of €/ton, but they are expected to have capacities as high as 50 kton, enabling the transportation of substantial 

quantities with a relatively small number of vessels, typically around 5-6.

Notice that the high number of ships needed for the MP option could lead to significant logistical challenges, including issues related to marine traffic and port space.

Cost estimation
Vessel requirements - Capacity versus number of ships
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Vessel requirements for 1000 km LP transport

Number of ships [/] Ship size [kton] Cost [€/ton]

CO2 transport by ship, as other CO2 transportation modes, benefit from economies of scale. For both MP and LP vessels, the cost (grey curve) undergoes a substantial decrease at lower rates and 

appears to stabilize at approximately 17 €/ton for quantities surpassing 2.5 Mton/t (MP) and 2.5-5 Mton/y (LP).

Cost estimation
Vessel requirements and associated costs
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Cost estimation
General approach

The cost estimations outlined in this section concentrate on the transport value 

chain within Denmark. Our analysis of costs related to the import and export of 

CO2 by ship encompasses crucial facilities for CO2 loading, unloading, and 

processing. These include loading/unloading facilities, buffer storage, pumping, 

liquefaction, compression, and heating. It is important to note that while buffer 

storages may not be strictly necessary in certain situations, as detailed later in 

the report, we have included it in the analysis for a more cautious and 

conservative estimation.

Regarding the cost estimations for pipelines, we initially identified suitable rates 

and lengths for the pipelines. The cost of the pipeline network was then 

determined based on these parameters, considering other relevant factors 

outlined in the subsequent slide. Our pipeline cost calculation goes beyond the 

pipes themselves, incorporating expenses related to essential supplementary 

equipment for CO2 injection into the pipes.

It's crucial to emphasize that the cost figures provided in this context are 

indicative and intended for high-level estimation purposes. These estimates fall 

within the class 5 category of cost estimation, corresponding to a pre-feasibility or 

feasibility level. As such, they serve as broad approximations and should not be 

interpreted as precise or final costs. The actual expenses associated with the 

outlined scenarios may vary based on a multitude of factors, including project-

specific details, market conditions, and unforeseen circumstances.

The cost estimations presented are derived from a combination of literature 

values, information obtained from vendor quotes, and DNV’s expertise.
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Cost estimation
Main assumptions

General

• The fluid is dense phase pure CO2

• Facilities lifetime is 25 years

• Weighted Average Cost of Capital (WACC) is assumed to be 6% in the “Each on their own” 

scenario and 3,5 % in the “Build and they will join” scenario in order to reflect that the costs 

in the former is expected to be carried by private sector exclusively whilst the latter may be 

a shared with public funding

• All cost values are provided in € 2022. Currency conversions are performed by applying 

CEPCI indexes and then converting the currency at 2022 rates

• Electric energy cost is always included into the OPEX and the assumed cost is 55.5 €/MWh. 

This number is based on internal DNV electricity price forecasts in 2030.

Pipelines 

• The fluid is dense phase pure CO2

• The fluid conditions required for being conveyed into pipelines is assumed to be over 0°C 

and at a pressure over 80 bara

• Onshore pipeline cost is evaluated assuming the line to be located in averagely populated 

areas. This implicates that costs might be slightly understimated considering the relatively 

high population density in Denmark

• The default steel cost evaluation assumes grade API 5L X65

• OPEX are assumed to be 1% of CAPEX

• No booster stations are considered

• The length has been approximately assessed, considering the aerial distance between 

locations and considering the presence of terrain irregularities or urban areas.
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Compressors

• Maximum compressor train size 2 Mton/y

• Cost includes intercooling, water removal and installation costs

• Inlet pressure is atmospheric, outlet pressure is assumed to be 150 bar. This is considered 

the most severe case and may lead to slight overestimations in compressor’s costs

• OPEX (excluding energy) are assumed to be 1.5% of CAPEX

Unloading facilities

• Unloading facilities are all those facilities aimed at offloading the CO2 from ships to the 

shore, such as piping, hoses and pumps

• OPEX are assumed to be 3% of CAPEX

Buffer storages

• The size of buffer storage is assumed to be 120% of the ship fleet capacity necessary to 

transport the associated rate for 1000 km. This is a value widely used in literature, which 

provides a good compromise between operational flexibility and cost efficiency

• OPEX are assumed to be 5% of CAPEX

Pumps

• OPEX (excluding energy) are assumed to be 3% of CAPEX

Heat exchangers

• Heating is required to heat up the liquefied fluid prior to injection into the pipeline network. 

Assumption is to use a standard shell and tube heat hexchanger

• OPEX are assumed to be 3% of CAPEX
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Cost estimation – “Each on their Own”
Approach I
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Source: Google Maps. Location of Ports has been applied manually.

3 MTPA

3 MTPA

The "Each on their own" scenario encompasses various facilities with distinct functions. To assess the costs associated with the

entire transport value chain, it is imperative to identify the key equipment involved.

When it comes to land transportation of CO2, the scenario presupposes the use of some onshore pipelines. Specifically, there are

two onshore pipelines: one connecting Aalborg to Gassum and the other linking Kalundborg to Havnsø. The locations are shown 

in the picture to the right, and the assumed rates and distances for cost estimation are detailed in the table below.

These CO2 inputs to the infrastructure are either exported by ship or conveyed into pipelines. Once we have identified how much 

of the CO2 is handled by each of these offtake options, a suitable value chain is selected for handling the CO2. Four identified

cases are relevant here:

1. Compression (e.g., Kalundborg): Here, the fluid CO2 is captured and assumed to be in a gaseous phase at approximately 

atmospheric pressure. Consequently, it must undergo compression before being conveyed into pipelines.

2. Imported, offloaded and conveyed into pipelines (e.g., Kalundborg): Here, the fluid is offloaded from ships using unloading 

facilities into a buffer storage. To meet pipelines' inlet requirements, the fluid is then pumped, heated, and finally conveyed 

into the pipelines.

3. Import and export (e.g., Aalborg): In this case, a portion of the CO2 delivered by ship must be exported via sea vessels. It 

might be technically feasible and potentially more efficient to use the same ships for both delivery and transport to the final 

destination (eliminating the unloading step) or to just unload the fluid from one ship and load another vessel. However, for 

consistency, it is assumed that the fluid is unloaded into a buffer storage and then loaded onto another ship.

4. Exported from captured (e.g., Esbjerg): In this scenario, the gaseous fluid is assumed to be liquefied, stored in a buffer 

storage, and subsequently loaded into a vessel for export.

Location Rate [Mton/y] Distance [km]

Aalborg –

Gassum

3 85

Kalundborg -

Havnsø

3 25

Four sites (Aalborg, Copenhagen, Kalundborg, and Esbjerg) 

have been identified as CO2 handling/processing locations 

including import and export of CO2. For each of these sites, the 

total amount of CO2 handled is made up by the imported CO2 

volume rates and the captured CO2 volume rates. 
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Cost estimation – “Each on their Own”
Approach II
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The approach descripted in the previous slide is summarised in the table below.

In Aalborg, the capture process involves 1 Mton/y of CO2, and an additional 2.5 Mton/y is imported. The captured CO2 is assumed to undergo a compression stage and be injected into a pipeline. 

As for the 2.5 Mton/y imported by ship, 2 Mton/y will be offloaded into a buffer storage, pumped, heated, and conveyed into pipelines. Simultaneously, the remaining 0.5 Mton/y will undergo an 

offloading process, temporarily stored in a buffer facility, and ultimately loaded onto another ship for transportation to its ultimate destination.

In Copenhagen, a local capture process yields 1.6 Mton/y of CO2. This captured CO2 is slated to undergo a liquefaction process, followed by storage in a buffer facility. Ultimately, the liquefied 

CO2 will be loaded onto a ship for export, destined for either domestic or foreign ports and storage sites.

In Kalundborg, the capture process involves 0.5 Mton/y of CO2, and an additional 3 Mton/y is imported. The captured CO2 is assumed to undergo a compression stage and be transported through 

pipelines. As for the 3 Mton/y imported by ship, 2.5 Mton/y will be offloaded into a buffer storage, pumped, heated, and conveyed into pipelines. Simultaneously, the remaining 0.5 Mton/y will 

undergo an offloading process, temporarily stored in a buffer facility, and ultimately loaded onto another ship for transportation to its ultimate destination.

In Esbjerg, a local capture process yields 0.3 Mton/y of CO2. 

As for the Copenhagen case, the captured CO2 undergoes a 

liquefaction process, followed by storage in a buffer facility. 

Ultimately, the liquefied CO2 will be loaded onto a ship for 

export.

This inputs are summarised in the table to the right.

Scenario’s input [Mton/y] Scenario’s selected value chains [Mton/y]

Location Captured Imported Exported by ship
Conveyed into 

pipelines
Compression

Offloaded and 

conveyed into 

pipelines

Exported ship to 

ship

Exported from 

captured

Aalborg 1 2.5 0.5 3 1 2 0.5 0

Copenhagen 1.6 0 1.6 0 0 0 0 1.6

Kalundborg 0.5 3 0.5 3 0.5 2.5 0.5 0

Esbjerg 0.3 0 0.3 0 0 0 0 0.3
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Cost estimation – “Each on their Own”
Results I
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The evaluated CAPEX and OPEX for the pipelines, along with the design 

rate and length utilized for the calculations, are outlined in the right-hand 

table.

It's important to note that the flow rates in these lines may not necessarily 

reach the proposed design rate since the pipelines are designed to 

accommodate the fluid in subsequent phases as well. Given that both 

pipelines share the same assumptions, their costs are directly proportional 

to their lengths. Specifically, the estimated CAPEX is approximately 57 

million euros for the Aalborg – Gassum pipeline and around 18 million euros 

for the Kalundborg – Havnsø line.

Location
Rate 

[Mton/y]

Length 

[km]

CAPEX 

[M€]

OPEX 

[M€/y]

Aalborg –

Gassum
3 85 56.5 0.6

Kalundborg -

Havnsø
3 25 17.5 0.2

CAPEX OPEX        

The outcomes for the additional facilities situated in Aalborg, Copenhagen, 

Kalundborg, and Esbjerg are presented in the two tables on the next slide, 

which, due to space constraints, should be treated as a unified table. The 

results are structured to showcase the overall infrastructure as a single 

entity. For each item, a detailed breakdown based on CAPEX, OPEX and 

levelized cost is provided. The final two columns offer a comprehensive view 

of the total CAPEX and OPEX associated with the facilities analysed in the 

four different locations.

The findings indicate that the total CAPEX linked to the construction of such 

infrastructure amounts to approximately 285 mEUR. Of this total, 211 mEUR 

(74%) are allocated to the process facilities, while the remaining 74 mEUR 

(26%) are designated for the pipelines. Regarding OPEX, since the 

associated costs for pipelines are anticipated to be minimal, process 

facilities account for almost the entirety, contributing 29.6 mEUR (97%) to 

the total expected OPEX of 30.4 mEUR.
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Cost estimation – “Each on their Own”
Results II

Captured to pipeline Offloaded from ship and injected into pipeline

Compression Unloading facilities Buffer storage Pumping Heat exchanger Total

Unit of 

measure
[M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y]

Cost item CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX

Aalborg 9.5 4.8 2.8 4.7 0.1 0.1 32.4 1.6 1.1 0.8 0.3 0.1 2.5 0.2 0.1 60.3 7.5

Copenhag

en
N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 70.1 13.9

Kalundbor

g
7.0 2.4 3.1 5.9 0.2 0.1 40.5 2.0 1.1 1.0 0.4 0.1 3.1 0.2 0.1 67.8 5.7

Esbjerg N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 13.1 2.6

Offloaded from ship and loaded on another ship Exported from captured

Onshore unloading Buffer storage Loading facilities Liquefaction Buffer storage Loading facilities

Unit of 

measure
[M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton]

Cost item CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost

Aalborg 1.2 0.0 0.1 8.1 0.4 1.1 1.2 0.0 0.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A

Copenhagen N/A N/A N/A N/A N/A N/A N/A N/A N/A 40.4 12.4 5.0 25.9 1.3 1.1 3.7 0.1 0.1

Kalundborg 1.2 0.0 0.1 8.1 0.4 1.1 1.2 0.0 0.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A

Esbjerg N/A N/A N/A N/A N/A N/A N/A N/A N/A 7.6 2.3 5.0 4.9 0.2 1.1 0.7 0.0 0.1



DNV © 15 JANUARY 2024

Cost estimation – “Build and they will Join”
Approach I

The "Build and they will join" scenario is more complex compared to “Each on their own”, yet the approach is similar. It's important to 

note that this scenario considers two distinct cases: the "Current Pathways" and the "Net Zero Pathways." Both cases were 

addressed using a consistent approach, differing only in their inputs.

The cost estimation for the various pipelines depicted in the picture to the right was modelled based on factors such as design rate, 

length, and location (onshore/offshore). Five specific locations (Esbjerg, Fredericia, Aalborg, Kalundborg, and Copenhagen) were

identified as sites necessitating CO2 handling/processing. The required equipment is contingent on the imported rate and the 

captured rate:

• The captured rate is assumed to undergo a compression stage and subsequently be injected into the pipeline network. The only 

exception is for the Kalundborg case, in which the CO2 is first captured and then exported through a CO2 carrier.

• The imported rate undergoes a distinct process. Specifically, it is assumed to undergo unloading from vessels, followed by storage 

in a buffer facility. Subsequently, the imported CO2 is pumped and heated to meet the thermodynamic conditions necessary for 

pipeline transport.

It's worth noting that while it is technically feasible to eliminate the buffer storage equipment, its inclusion adds flexibility and 

reliability to the entire system. Consequently, it has been considered as the most consistent approach in the overall design.

The assumptions for the rates of the different cases are resumed in the table below.

Source: Google Maps. Location of storage sites has been applied manually.

Scenario’s input [Mton/y] Scenario’s selected value chains [Mton/y]

Location Captured Imported Exported by ship
Conveyed into 

pipelines
Compression

Offloaded and 

conveyed into 

pipelines

Exported ship to 

ship

Exported from 

captured

Esbjerg 0.3 0 0 0.3 0.3 0 0 0

Fredericia 0.6 2.1 0 2.7 0.6 2.1 0 0

Aallborg 1 2.5 0 3.5 1 2.5 0 0

Kalundborg 0.5 0 0.5 0 0 0 0 0.5

Copenhagen 3 0 0 3 3 0 0 0
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Cost estimation – “Build and they will Join”
Current pathways – Data and results for the pipelines

The table below comprehensively outlines the key parameters for the pipeline network, incorporating the inputs 

design rate, pipeline length, and location. The resulting outputs encompass both the Capital Expenditure 

(CAPEX) and Operational Expenditure (OPEX) associated with the infrastructure.

[Mton/y] [km] [M€] [M€/y]

Design rate Pipeline Length Location CAPEX Pipeline OPEX Pipeline

Ellund – Egtved 13 90 Onshore 194.2 1.9

Egtved – Nybro 10 55 Onshore 61.5 0.6

Nybro – Esbjerg 0.3 30 Onshore 6.2 0.1

Egtved – Fredericia 2.4 45 Onshore 21.2 0.2

Egtved – Thorning 13 80 Onshore 172.8 1.7

Thorning – Tjele 11 30 Onshore 29.1 0.3

Tjele – Hanstholm 8 110 Onshore 121.7 1.2

Hanstholm – Offshore 8 40 Offshore 50.0 0.5

Tjele – Gassum 3 30 Onshore 14.6 0.1

Gassum - Aalborg 3 85 Onshore 48.6 0.5

Kalundborg -

Copenhagen
3 90 Onshore 51.4 0.5

Total N/A 685 / 778.4 7.8
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Cost estimation – “Build and they will Join”
Current pathways – Data and results

In addition to the pipeline expenses, it is necessary to include the costs related to the extra process equipment needed in the five chosen locations., i.e. Esbjerg, Fredericia, Aalborg, Kalundborg, and 

Copenhagen. The tables below outline both the Capital Expenditure (CAPEX) and Operational Expenditure (OPEX) associated such infrastructure. 

Under the previously described assumptions, the total comprehensive costs associated with such an infrastructure show CAPEX around 935 MEUR and OPEX in the order of 41 MEUR annually.

Offloaded from ship and loaded on another ship Exported from captured

Onshore unloading Buffer storage Loading facilities Liquefaction Buffer storage Loading facilities

Unit of 

measure [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton]

Cost item CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost

Esbjerg N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Fredericia N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Aallborg N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Kalundborg N/A N/A N/A N/A N/A N/A N/A N/A N/A 12.6 3.9 6.1 8.1 0.4 1.2 1.2 0.0 0.1

Copenhagen N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 0 0 0 0 0 0 0 0 0 12.6 3.9 6.1 8.1 0.4 1.2 1.2 0.0 0.1

Captured to pipeline Offloaded from ship and injected into pipeline

Compression Unloading facilities Buffer storage Pumping Heat exchanger Total

Unit of 

measure [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y]

Cost item CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX

Esbjerg 6.0 1.5 4.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 6.0 1.5

Fredericia 7.5 2.9 3.7 4.9 0.1 0.1 34.0 1.7 1.2 0.8 0.3 0.1 2.6 0.2 0.1 49.8 5.2

Aallborg 9.5 4.8 3.6 5.9 0.2 0.1 40.5 2.0 1.2 1.0 0.4 0.1 3.1 0.2 0.1 59.8 7.6

Kalundborg N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 21.9 4.3

Copenhagen 19.7 14.4 3.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 19.7 14.4

Total 42.6 23.6 14.8 10.8 0.3 0.3 74.5 3.7 2.4 1.8 0.7 0.2 5.7 0.4 0.2 157.3 33.0
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Cost estimation – “Build and they will Join”
Net Zero Pathway – Data and results

The table on the right comprehensively outlines the key parameters for the pipeline 

network, incorporating the inputs design rate, pipeline length, and location. The 

resulting outputs encompass both the Capital Expenditure (CAPEX) and 

Operational Expenditure (OPEX) associated with the infrastructure.

The table below provides a detailed breakdown of the numbers linked to the 

supplementary facilities required in the five locations where CO2 

handling/processing is necessary. The main inputs for this analysis are the 

imported and captured rates, while the outputs encompass a granular breakdown 

of the CAPEX and OPEX associated with the various facilities constituting the CO2 

transport value chain.

Under the previously described assumptions, the total costs associated with such 

an infrastructure show CAPEX around 1230 mEUR and OPEX in the order of 39 

mEUR annually. Annual expenses are significantly higher compared to the 

previous case due to the numerous required process facilities.

[Mton/y] [km] [M€] [M€/y]

Design rate Pipeline Length Location CAPEX Pipeline OPEX Pipeline

Ellund – Egtved 17 90 Onshore 382.9 3.8

Egtved – Nybro 10 55 Onshore 119.2 1.2

Nybro – Esbjerg 1 30 Onshore 10.9 0.1

Egtved – Fredericia 3 45 Onshore 15.7 0.2

Egtved – Thorning 13 80 Onshore 193.7 1.9

Thorning – Tjele 11 30 Onshore 44.0 0.4

Tjele – Hanstholm 8 110 Onshore 237.1 2.4

Hanstholm – Offshore 8 40 Offshore 58.1 0.6

Tjele – Gassum 3 30 Onshore 18.0 0.2

Gassum - Aalborg 3 85 Onshore 28.6 0.3

Kalundborg - Copenhagen 3 90 Onshore 51.4 0.5

Total / 685 / 1159.5 11.6

Input rates Cost breakdown Total

Imported rate Captured rate Compression Unloading facilities Buffer storage Pumping Heat exchanger Total

Unit of measure [/] [/] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y] [€/ton] [M€] [M€/y]

Cost item [/] [/] CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX Lev. cost CAPEX OPEX

Esbjerg N/A 0.3 6.0 1.5 4.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 6.0 1.5

Fredericia N/A 0.6 7.5 2.9 3.7 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 7.5 2.9

Aallborg N/A 1.0 9.5 4.8 3.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 9.5 4.8

Kalundborg 1 0.5 7.0 2.4 3.8 2.3 0.1 0.1 16.2 0.8 1.2 0.4 0.1 0.1 1.3 0.1 0.1 27.2 3.6

Copenhagen N/A 3 19.7 14.4 3.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A 19.7 14.4

Total 1 5.6 49.6 26.1 18.6 2.3 0.1 0.1 16.2 0.8 1.2 0.4 0.1 0.1 1.3 0.1 0.1 69.9 27.2



DNV © 15 JANUARY 2024

Cost estimation
Storage costs – assumptions 

Storage cost estimates are highly uncertain. Only a few carbon 

storage projects have been implemented in Europe, mostly in 

association with oil and gas production. Therefore, there is a lot 

of uncertainty about performance and costs.

In addition, the maturity of Danish storage sites varies widely: 

whereas Danish oil and gas fields and the Stenlille gas storage 

structure are relatively well-known, other storage in saline 

aquifers is not yet well researched. 

In our analysis, we draw upon quantitative storage cost data 

published by the Danish Energy Agency.1

The Danish Energy Agency, defines three cases for CO2 

storage: 

• Onshore, including onshore reservoirs and new onshore wells, 

intermediate storage, compression and pumping equipment

• Nearshore, including offshore reservoir, new wells, small 

platform, intermediate storage, potentially compression and 

pumping equipment

• Offshore depleted oil/gas field storage, including the reuse of 

existing platform and reuse of existing wells, if possible, single 

anchor loading systems
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1 Energistyrelsen;Danish Energy Agecy (2021): Technology Data – Carbon capture, tranasport and storage. Please see the next slide for the detailed cost estimates. 

Important cost components for storage are:

• Pre-FDI cost, including seismic and baseline studies, 

appraisal wells, FEED studies, and approvals

• CAPEX, including capex for intermediate storage, injection 

plants, injection wells; for offshore storage, this includes a 

mooring and loading system

• OPEX related to all parts of the project, including monitoring 

and power usage

• Post-closure costs, including post-closure monitoring

Some costs increase with increasing injection rates. The 

injection capacity per well is one of the most important 

parameters for assessing costs of CO2 storage as the number 

of wells is the main cost driver. However, the need for additional 

wells declines with the injection rate. For example, offshore 

development for 1 MTPA requires 3 wells, whereas a 

development for 3 MTPA requires 7 wells; 2 wells are required 

for 1 MTPA onshore project, whereas 4 wells are needed for 3 

and 6 wells for 5 MTPA projects. 

The Danish Energy Agency provides cost estimates for injection 

rates of 1 MTPA, 3 MTPA and 5 MTPA. We interpolate the costs 

for injection rates of 2 and 4 MTPA in our analysis. For injection 

rates >5 MTPA, we use the 5 MTPA estimates. 
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Cost estimation
Storage costs  

Onshore storage costs 1 

Mt/year

2 

Mt/year

3 

Mt/year

4 

Mt/year

5 Mt/year

Capex, including pre-FID costs 

(million EUR)

112 211 245 261 325

Opex, including energy 

consumption (million EUR/Mt 

CO2/year stored)

7 4 4 4 4

Post-closure costs (million 

EUR)

52 52 52 52 52
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Nearshore storage costs 1 Mt/year 2 Mt/year 3 Mt/year

Capex, including pre-FID costs 

(million EUR)

270 390 575

Opex, including energy consumption 

(million EUR/Mt CO2/year stored)

13 7 5

Post-closure costs (million EUR) 78 78 78

Offshore storage costs 1 Mt/year 2 Mt/year 4 Mt/year 5 Mt/year 5 Mt/year + reuse of 

existing pipeline

Capex, including pre-FID costs (million EUR) 174 300 444 517 521

Opex, including energy consumption (million EUR/Mt 

CO2/year stored)

20 14 13 12 8

Post-closure costs (million EUR) 78 78 78 78 78

Storage costs are based on Energistyrelsen;Danish Energy Agecy (2021): Technology Data – Carbon capture, tranasport and storage
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Cost-Benefit Analysis
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Cost-Benefit Analysis
Scope and limitations

Scope of the analysis

For each of the three scenarios outlined in Section 3, we perform a high-level socio-economic Cost-benefit analysis (CBA). 
We aim to uncover the additional costs and benefits and the potential added value to the Danish society of having a 
coordinated, centralized approach (BAJ) towards CCS infrastructure as compared to a scenario where individual CCS 
infrastructure projects compete

The CBA will focus mainly on quantifiable costs and benefits based on the findings from Sections 3 and 4. In addition, we 
attach a brief qualitative discussion of additional possible costs and benefits

The quantitative assessment will cover both costs and benefits of CCS infrastructure developed in each scenario. 

Infrastructure costs assessed encompass:

• Port infrastructure costs

• Vessel transportation costs

• Pipeline transportation costs

• Storage costs

Infrastructure benefits encompass:

• Benefits from storing Danish CO2 emissions (both fossil and biogenic)

• Usage of biogenic CO2 in PtX projects

• Tariff income from CO2 imports and storage

The qualitative assessment encompasses:

Overview of possible negative externalities of CO2 infrastructure, including environmental, and societal external costs

Indirect benefits, such as impact on GDP and on job creation in the region, and contribution to technology development 
within CCS
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Limitations

Since this project focuses on different 

strategies towards CCUS infrastructure, the 

CBA does not account for costs or benefits 

related to CO2 capture installations

The cost analysis builds on the CAPEX and 

OPEX identified in Section 3 and does not 

include any additional sensitivities

For assessing benefits from CO2 volumes, we 

use the volumes assumptions provided in 

Section 2 and do not use additional 

sensitivities

Given that this is a high-level CBA, a more 

detailed study could me recommended if the 

concept is to be developed further.
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Cost-Benefit Analysis 
Methodology and assumptions

To quantify costs and benefits accruing from the start of infrastructure construction to the end of the project lifetime, we 

express the investments, yearly operating costs and benefits from CO2 storage and tariffs as a net present value (NPV) 

A NPV is a financial metric that aims to capture the total value of an investment opportunity. It projects all future 

cash inflows and outflows associated with an investment, discounts all those future cash flows to the present day, 

and then adds them together. In such a way, benefits and costs are netted and we obtain three net present values, each 

for one of the three scenarios, which are directly comparable. 

This methodology rests on several crucial assumptions, see also the summary table:

• We assume that all investment are made in the same year, at t=0

• The lifetime of the projects is assumed to be 25 years

• Yearly OPEX and benefits from transported/stored CO2 are the same every year from t=1 to t=251

• The discount rate used in the NPV calculations differs between the EOO and BAJ scenarios: whereas for EOO, 

we assume a discount rate of 6% which is close to what can be considered a common rate of return for 

commercial projects. For BAJ, we assume a discount rate of 3.5% which is closer to what one would consider a 

societal discount rate. The reason to consider a societal discount rate for BAJ is that in the BAJ the project’s 

aim is to benefit society using both public and private funds, and not only individual projects and private 

investors.2

• We use DNV inhouse carbon price forecasts and assume that future EU ETS prices follow the DNV ETO 

forecast. To assess the marginal benefit of storing CO2 emissions, we assume that the price of avoided climate 

damages of one ton CO2 is equal to the carbon price in the DNV PNZ.  

• The Danish CO2 tax has specified tax rates until 2030. Therefore, we assume that tax rates do not change after 

2030. Furthermore, the Danish CO2 tax varies for certain sectors: it distinguishes between EU ETS, non-EU ETS 

and mineralogical sectors. Therefore, we assume that the waste incineration sector will be an EU ETS sector in 

2030 and that bioenergy/biogenic CO2 will continue to be exempt from CO2 taxation.
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1 A deep-dive on the methodology related to benefits can be found on the next slide.    2 The Danish Finance Ministry’s Guidance for socio-economic impact 

assessments suggests a discount rate of 3.5%.   3 Based on Gassnova CCS value chain cost estimates    4. See Appendix A1 for the ETO carbon price forecast

Assumptions

CAPEX 

and 

OPEX

• All CAPEX invested in period t=0

• OPEX are the same each year over entire 

project lifetime

Benefits • Same volumes are stored and imported 

each year of project lifetime

Lifetime • Project lifetime is 25 years

Discount 

rate

• 6% for EOO scenario

• 3.5% for BAJ scenarios

Carbon 

price 

• Future EU ETS price follows the DNV ETO 

forecast4

• The price of avoided climate damages 

equals to the PNZ carbon price

Danish 

CO2 tax

• Waste incineration sector will be an EU 

ETS sector in 2030

• Bioenergy/biogenic CO2 will continue to 

be exempt from CO2 taxation (Danish and 

EU ETS)

• Danish tax rates stay at their 2030 levels 

after 2030

CCS 

value 

chain

• Transport makes up 30% and storage 

makes up 20% of total CCS value chain 

costs3

https://fm.dk/media/27196/vejledning-i-samfundsoekonomiske-konsekvensvurderinger-juni-2023.pdf
https://fm.dk/media/27196/vejledning-i-samfundsoekonomiske-konsekvensvurderinger-juni-2023.pdf
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Cost-Benefit Analysis
Methodology: Benefits from CO2 storage
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Benefit 

component
Description Methodology

A. Benefits 

from storing 

Danish fossil 

CO2 

emissions 

The social value/benefits from storing Danish fossil CO2 emissions can be measured both in economic (avoided 

taxes) and environmental (avoided climate damage) terms. For instance, if one ton of CO2 causes 100 Euros of 

climate damage in the long-term, but the avoided taxes (EU ETS Price and DK tax) is only 60 Euros, the total social 

value of storing a ton CO2 is 100 Euros. Similarly, if climate damages equal 80 Euros, but the taxes equal 100 

Euros, the societal value of storing that ton of CO2 is still 100 Euros.

The Danish fossil CO2 volumes are multiplied by the sum of 

the EU ETS price each year and the Danish CO2 tax 

corresponding to the emitting sector (non-/EU ETS, 

mineralogical). The NPV is calculated using the respective 

discount rate, depending on the scenario. The value is 

multiplied by the sum of cost shares for transport and storage 

in the CCS value chain.

B. Benefits 

from storing 

Danish 

biogenic CO2 

emissions

Since biogenic CO2 is not taxed, storing it does not result in the economic benefit of avoiding CO2 taxes. However, 

one can argue that negative emissions reduce climate damages, therefore, one ton of biogenic Danish CO2 

emissions is priced at the price of avoided climate damages. Negative emissions can also be sold to companies or 

actors who want to offset their own emissions. Companies in non-regulated sectors can buy negative emissions on 

voluntary carbon credit markets. However, the current prices of negative emissions are too low to make negative 

emissions via CCS economical. However, this could change in the future, and voluntary carbon credit prices could 

increase to match regulated carbon prices, e.g., the EU ETS. 

Alternatively, the biogenic CO2 can also be sold to PtX plants, see description below. 

The Danish biogenic CO2 volumes are multiplied by the 

carbon price from the DNV PNZ scenario which, we believe, 

approximates the marginal damage of a ton of CO2. The NPV 

is calculated using the respective discount rate and is 

multiplied by the sum of cost shares for transport and storage 

in the CCS value chain. 

C. Usage of 

biogenic CO2 

in PtX 

projects

Biogenic CO2 (both Danish and imported) could be used in PtX plants to produce, e.g., e-fuels. However, given the 

current and prospective demand of CO2 by PtX companies in Denmark, there seems to be an oversupply of 

biogenic CO2 in all scenarios. This means that biogenic CO2 is bought at a similar price as fossil CO2 which is 

likely lower than the value of avoided climate costs. Therefore, biogenic CO2 used in PtX projects is assumed to 

have the same value as stored biogenic emissions. 

Since the demand for biogenic CO2 used in PtX projects is 

significantly lower than the supply of it, we use method B. to 

value all benefits from storing biogenic CO2 and CO2 used in 

PtX projects has not additional value beyond. In such a way, 

double counting the benefits is prevented. 

D. Tariff 

income from 

CO2 imports 

and storage

The basis for setting tariffs is the levelized cost of the infrastructure component in question, i.e., the levelized cost of 

port infrastructure, of vessel transport, and of ship transport. Depending on the future competitive situation of CCS 

infrastructure in Denmark (Will there be many other, cheaper storage possibilities in Europe, e.g., Northern Lights, 

storage projects in the UK and the Netherlands?), there might be a mark-up on the levelized cost of infrastructure. 

To provide a conservative estimate, we assume the mark-up to be zero.* 

Imported CO2 volumes, depending on their mode of 

transportation, are multiplied with the respective transportation 

tariff (port and vessel or pipeline). Storage tariff is applied to all 

CO2 volumes. The NPV is calculated using the respective 

discount rate. 

*See Appendix A3 for the calculation method of the tariffs as levelized cost of infrastructure. 
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Cost-Benefit Analysis
Methodology: Qualitative CBA – costs 
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• Environmental costs reflect the negative impact that is inflicted upon natural values from the construction of 

CCUS infrastructure, such as pipelines. They encompass consequences for wildlife and ecosystems on land and 

at sea, consequences for clean air and water. Physical disturbance of popular outdoor areas should also be 

accounted for.

• Pipeline costs vary most with the length of network and with different dimensions of the pipelines. Costs depend 

on whether the pipes are planned to run through particularly vulnerable areas on land or at sea, or near where 

endangered species have their local habitats. Whereas a thorough analysis of negative environmental externalities 

is out of scope for this project, we use Natura 2000 areas2 as a proxy for vulnerable areas to qualitatively assess 

the potential for damages.

• Vessel transportation can cause environmental costs in the form of CO2 emissions. However, the emissions are 

relatively small amounting to 0.4% of transported volume for 200 km of vessel transport.1 Therefore, we will 

disregard CO2 emissions from vessel transportation in this analysis. 

• Port infrastructure is assumed to have no additional environmental costs if the CCS infrastructure is built in 

existing port areas as these areas are typically highly industrialized with a broad range environmental permits. 

Negative environmental externalities might occur if new areas need to be developed. In addition to environmental 

costs, developing port CCS infrastructure beyond the perimeter of existing port areas might have negative 

externalities in more populated areas, such as construction site traffic and noise pollution. 

• The building of storage site infrastructure can have negative environmental effects, e.g., through the space 

needed for storage tanks on the ground or drilling. This might affect the environment, but also the public 

perception of safety. 

1 Energistyrelsen, 2021, Technology Data – Carbon capture, transport and storage    2 Natura 2000 birds and habitat directives, Denmark

https://www.eea.europa.eu/data-and-maps/figures/natura-2000-birds-and-habitat-directives-9/denmark/image_large
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Cost-Benefit Analysis
Methodology: Qualitative CBA – Benefits
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• Qualitative benefits of CCUS infrastructure in Denmark encompass impact on GDP and on job creation in the 

region, sector coupling, and contribution to technology development within CCS. 

• We distinguish between direct and indirect job creation. The former includes the jobs that result directly from 

the construction and the maintenance of the CCUS infrastructure. The latter refers to the jobs that are created 

through the activity that the CO2 infrastructure facilitates. We also differentiate between two types of jobs 

created: jobs related to (i) planning, construction, verification, and, potentially, manufacturing of local content 

(investment phase); and (ii) maintenance and operation of the pipelines, vessels, port and storage sites 

infrastructure.

• It is important to note that job creation does not automatically translate to higher value creation and GDP as 

Denmark is in a situation with near full employment. Taking workers from other sectors will only be beneficial in 

a GDP context if the CCUS industry has greater returns than the sector the workers came from. More job 

creation can give spill-over effects and increased GDP, but fewer more specialized jobs with an optimized 

number of employees and competence can give more value creation and innovation per job. We discuss 

whether one can expect spill-over effects, increased GDP, or value creation and innovation. 

• We provide a high-level discussion regarding a possible contribution of the CCUS infrastructure development in 

Denmark to CCUS development. 

• The contribution to CCUS technology development depends on the usage of new, little tested technology. 

Whereas pipeline and injection are mature technologies, innovation could be achieved in vessel technology, 

loading equipment, un/loading setups, and monitoring technologies. The deployment of innovatory business 

chains and the demonstration of viable business cases could also constitute an innovatory contribution to 

CCUS development.  
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Assessment framework

For the qualitative assessments we suggest to use a +/- framework. In total, effects are measured from 0 to (+++++) and (-----) as shown in the table. When assessing to what level 

an effect should be evaluated as, it is important to give solid explanations for the level of impact and importance for society you choose. 

Cost-Benefit Analysis
Methodology: Qualitative CBA – Assessment framework 
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Im
p

a
c

t 
o

n
 s

o
c

ie
ty

Importance for society

Small Medium Large

Large positive +++ ++++ +++++

Medium positive ++ +++ ++++

Small positive + ++ +++

No effect 0 0 0

Small negative - - --

Medium negative -- --- ----

Large negative --- ---- -----
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Cost-Benefit Analysis
Cost overview

Million EUR EOO BAJ – Current pathway BAJ – Net zero pathway

Cost/ Infra-

structure

CAPEX OPEX NPV 

6%

NPV 

3.5%

CAPEX OPEX NPV CAPEX OPEX NPV

Storage
1,531 2456 3,987 4,710 2,321 4373 6,694 2,512 5,632 8,144

Pipeline 
74 9.5 83.5 86.3 778 127 905 1,160 191 1,351

Vessel
0 3,650 3,650 4,706 0 3,312 3,312 0 2,366 2,366

Port
211 379 590 670 157 544 701 70 447 517

Total
1,816 6,494 8,311 10,202 3,257 8,356 11,612 3,741 8,636 12,377

• The direct infrastructure costs encompass both CAPEX and OPEX for port infrastructure, vessel transportation costs, 

pipeline transportation costs, and storage costs

• These costs are different per scenario (EOO – each on their own, BAJ – build and they will join) due to our differing 

assumptions about infrastructure build-out and transported/stored CO2 volumes

• These infrastructure costs are quantified. An overview is presented in the table below (in million EUR, in EUR 2022). 

The net present value (NPV) is calculated with a discount rate of 6% for EOO and 3.5% for BAJ. We provide additional 

sensitivities regarding the interest rates in the Appendix A.3. 

• In addition to these quantitative costs, we briefly qualitatively assess other negative externalities 
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Cost-Benefit Analysis 
Investment costs

• Investment cost amount to around 1,800 mio Euro for the EOO scenario and to 3,256 and 

3,741 mio Euro in the BAJ current pathway and net zero pathway scenarios respectively

• Pipeline and storage CAPEX account for the largest difference between the BAJ scenarios 

and the EOO scenario investment costs: 

• While only 19 MTPA CO2 are stored in the EOO scenario, 34.3 and 48 MTPA CO2 are 

stored in the BAJ current pathway and net zero pathway scenarios, respectively

• A decrease in port capex shows in the BAJ scenarios as compared to the EOO scenarios 

mirrors the increased role of pipeline infrastructure in the BAJ scenarios, in contrast to CO2 

imported by vessels and handled in ports
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In Mio 

EUR

EOO (6%) EOO (3.5%) BAJ – Current 

pathway (3.5%)

BAJ – Net zero 

pathway (3.5%)

Storage 1,531 1,531 2,321 2,511

Pipeline 74 74 778 1,160

Vessel 0 0 0 0

Port 211 211 157 70

Total 1,816 1816 3,256 3,741

Share of 

total NPV
22% 18% 28% 30%
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Cost-Benefit Analysis 
Operating costs

• Operating costs amount to around 6,500 mEUR for the EOO scenario and to 8,356 and 

8,636 mEUR in the BAJ current pathway and net zero pathway scenarios respectively

• Pipeline and storage OPEX account for the largest positive difference between the BAJ 

scenarios and the EOO scenario investment costs

• The choice of discount rate affects operating costs heavily: OPEX NPV is much lower in the 

EOO scenario when the commercial discount rate of 6% is used since future costs are much 

more discounted 
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In Mio EUR EOO (6%) EOO (3.5%) BAJ – Current 

pathway (3.5%)

BAJ – Net zero 

pathway (3.5%)

Storage 2,456 3,179 4373 5,632

Pipeline 9.5 12 127 191

Vessel 3,650 4,706 3,312 2,366

Port 379 489 544 447

Total 6,494 8,386 8,356 8,636

Share of 

total NPV
78% 82% 72% 70%
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Cost-Benefit Analysis
External costs – environment and society
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Description Importance 

for society

Impact for 

society

Impact

EEO • Most of the ports considered in this scenario have sufficient space for CCUS port infrastructure (Aalborg, Kalundborg and Esbjerg). 

• The port of Copenhagen is already planning CCUS infrastructure on its area, therefore, no additional negative externalities are expected there
Medium No effect 0

• There is only little pipeline construction. However, around Havnsø;, the pipeline could cause some environmental externalities since it would lead through a Natura 2000 

area. Pipeline construction, especially in protected areas, can be socially controversial, therefore the importance for society is rated as large, but the expected impact is 

still expected to be relatively small. 

Large Small negative --

• The negative externalities due to storage site infrastructure are assumed to be negligible since for the offshore storage sites, they are both depleted oil and gas fields. 

There could be potential negative externalities due to onshore storage site infrastructure in Gassum and Havnsø, affecting both the environment, especially Natura 20002

areas around Havnsø, and the public perception of safety

Medium
Medium 

negative
---

BAJ –

current 

pathway

• Most of the ports considered in this scenario have sufficient space for CCUS port infrastructure (Aalborg, Kalundborg and Esbjerg)

• Instead of Copenhagen, a CCUS port facility in Fredericia is built where there might be limitations in terms of space resulting in slightly more externalities from ports than in 

the EEO scenario 

Small Small negative -

• Whereas most of the backbone pipeline through Jutland is far from environmentally sensitive areas, some parts of the planned pipeline go through e.g. Natura 2000 

areas2. With a proper environmental impact analysis being out of scope in this assignment, we can say that negative environmental externalities of pipeline building could 

be possible around Esbjerg, around Havnsø, and the pipeline leading to Hanstolm. The impact is similar to EOO.

Large Small negative --

• We expect no negative externalities from the repurposing of the Bifrost offshore pipeline from Esbjerg to the Harald field. Small No effect 0

• There could be potential negative externalities due to storage site infrastructure onshore in Gassum, Havnsø and Thorning, affecting both the environment, especially 

Natura 2000 areas around Havnsø, and people, e.g., negative effects on housing prices, tourism and public perception of safety. 
Medium

Medium 

negative
---

BAJ – net 

zero 

pathway

• The environnmental effects of BAJ – net zero pathway do not differ significantly from the BAJ curren pathway in terms of port infrastructure. 
Small Small negative -

• Regarding the increased size of pipelines, for most pipeline segments, the capacity increase is <50%.We assume the effect of such an increase to be negligible. The 

significant capacity increase of the German import pipeline also has no significant effect on the environment since it is not located in environmentally sensitive areas. 

Therefore, the assessment does not change as compared to BAJ current pathway. 

Large Small negative --

• We expect no negative externalities from the repurposing of the Bifrost offshore pipeline from Esbjerg to the Harald field. Small No effect 0

• The storage site effects are similar to the effects described for the BAJ current pathway scenario. 
Medium

Medium 

negative
---

The table below provides an overview over the external costs we assessed qualitatively per scenario, a description of the costs, and the resulting qualitative assessment. 
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Cost-Benefit Analysis
Benefit overview

• The infrastructure benefits encompass:

• Benefits from storing Danish fossil CO2 emissions

• Benefits from storing of and PtX demand for Danish biogenic CO2 emissions

• Tariff income from CO2 imports and storage

• These benefits encompass avoided CO2 tax, avoided climate damages, and obtained tariffs. The 

benefits differ per scenario due to varying CO2 volumes per scenario

• 30% of the benefits from storing Danish emissions are assigned to the transport part of the CCUS chain 

and 20% to the storage part.1 The numbers below are already corrected by these shares.

• In addition to these quantitative benefits, we briefly qualitatively assess other positive externalities
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Benefits 

million EUR

EOO (6%) EOO (3.5%) BAJ – CP (3.5%) BAJ – CP (3.5%)

Danish fossil CO2 

emissions
3,649 4,796 7,471

Danish biogenic CO2 

emissions 1,452 1917 3,196

Biogenic CO2 in PtX

Tariff income 5,589 7,094 5,558 10,969

Total NPV 10,689 14,399 16,225 21,636

1 Based on Gassnova value chain cost estimates
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Cost-Benefit Analysis
Value of stored fossil CO2 Danish emissions

• The value of stored Danish fossil CO2 is twice as high in the BAJ scenarios than in the EOO 

scenario (using the commercial discount rate): whereas in the EOO ~59 Mt CO2 are stored 

over the lifetime of 25 years, ~91 Mt Danish fossil CO2 are stored in the BAJ scenarios

• In addition, the values of the BAJ scenario benefits are less discounted over time due to 

using a discount rate of 3.5%
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Million EUR EOO (6%) EOO (3.5%) BAJ – CP 

(3.5%)

BAJ – CP 

(3.5%)

Volumes of CO2 

emissions (MTPA)
2.35 2.35 3.65

EU ETS sectors 1.35 1.35 2.65

Mineralogical companies 1
1 1

Annual benefits 435 (2030)

670 (2050)

435 (2030)

670 (2050)

693 (2030)

1,042 (2050)

NPV* 3,649 4,796 7,471

*Adjusted for shares of CCS value chain for transport and storage.
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Cost-Benefit Analysis
Value of Biogenic CO2

• The benefits from storing biogenic Danish CO2 are more than twice as large in the BAJ 

scenarios than in the EOO scenario (using the commercial discount rate)

• In addition to storing 1.75 MTPA (~44 Mt CO2 in total), the societal interest rate of 3.5% is 

used to discount future benefits in the BAJ scenarios

• In contrast, only ~26 Mt biogenic CO2 in total are stored in the EOO and a discount rate of 

6% is used for discounting future benefits in the EOO
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Million EUR EOO (6%) EOO (3.5%) BAJ – CP 

(3.5%)

BAJ – CP 

(3.5%)

Volumes of CO2 

emissions (MTPA)
1.05 1.75

Demand by PtX 

companies (MTPA, for 

2030 and 2050)

0.34 (2030) 

0.58 (2050)

Annual benefits for 2030 

and 2050

158 (2030)

263 (2050)

263 (2030)

438 (2050)

NPV* 1,452 1,917 3,196

*Adjusted for shares of CCS value chain for transport and storage.
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Cost-Benefit Analysis
Value of tariff income – foreign emissions stored

• Tariff income from transport, storage and port handling of imported CO2 vary widely across 

the scenarios

• In EOO, tariffs from port handling and vessel transport of imported CO2 dominate

• In the BAJ scenarios, pipeline tariffs are much higher than in EOO. Since much more CO2 is 

stored, storage tariffs, both onshore and offshore, increase. 
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EOO (6%) EOO (3.5%) BAJ – CP 

(3.5%)

BAJ – CP 

(3.5%)

Vessel transport 

tariffs (Mio EUR p.a.)
337 193 144

Port handling tariffs 

(Mio EUR p.a.)
75 11 2.3

Pipeline transport 

tariffs (Mio EUR p.a.)
6.5 42 71

Storage onshore 

(Mio EUR p.a.)
53 108 157

Storage offshore 

(Mio EUR p.a.)
203 244 292

NPV (Mio EUR) 5,589 7,094 5,558 10,969
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Cost-Benefit Analysis
External benefits – GDP effects, job creation, sector coupling
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Description Importance 

for society

Impact for 

society

Impact

EEO • The creation of a limited number of direct jobs in the planning and construction phase, and later for monitoring and other operational activities. Given that the number of new 

jobs generated is likely to be limited compared to the entirety of the Danish workforce, we expect a small positive impact on society. 
Small

Small 

positive
+

• Since job creation is limited, we expect limited spill-over and GDP effects. Medium No effect 0

• The contribution towards CCUS development depends on the usage of new versus established technologies. Doing pilots and testing with immature technologies could result 

in a contribution towards CCUS technology development. This limited value creation and innovation is estimated to have a small positive effect on society. 
Small

Small 

positive
+

BAJ –

current 

pathway

• Compared to the EEO, there will be job creation related to the investment stage with planning, engineering and constructing pipelines and the necessary infrastructure. If there 

are local content requirements, some indirect jobs may also be created through the procurement of the necessary equipment. 

• Also, during the O&M phase, there will be some more activity than in EEO. We expect the impact on society to be medium positive as the value creation associated with the 

number of jobs is higher than in EEO. 

Small
Medium 

positive
++

• Job creation is higher than in the EEO scenario and we therefore expect some spill-over and GDP effects. Moreover, the existence of a pipeline might enable the further 

development of industries using CO2 as a feedstock, e.g., PtX companies. We estimate this to have a medium positive effect. 
Small

Medium 

positive
++

• Since pipeline and injection technologies are mature technologies, deploying these technologies will not significantly contribute to CCUS development. Innovation could be 

possible in, e.g., vessel technology, loading equipment, un/loading setup, and monitoring. However, the ambitious timelines might necessitate the usage of established 

technologies in the project design. Therefore, we estimate this impact to be positive but small. 

• However, the business chain innovation from a full-scale hub operation could significantly contribute towards the understanding and development of CCUS business cases. 

We rank this contribution to CCUS development and to society to be medium positive. 

Medium
Medium 

positive
+++

BAJ –

net zero 

pathway

• Similar to BAJ current pathway. 
Small

Medium 

positive
++

• Similar to BAJ current pathway. 
Small

Medium 

positive
++

• Similar to BAJ current pathway
Medium

Medium 

positive
+++

The table below provides an overview over the external benefits we assessed qualitatively per scenario, a description of the benefits, and the resulting qualitative assessment. 
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Cost-Benefit Analysis
Summary

• Comparing the NPV of the three analysed scenarios, we conclude that the BAJ net zero pathway 

scenario provides the highest net present value to Denmark

• The largest difference on the benefits side between the BAJ net zero pathway and the BAJ current 

pathway scenario constitute the tariff incomes in the net zero pathway scenario

• Additionally, whereas the EOO and BAJ scenarios have very similar external costs in the qualitative 

analysis, potential external benefits are significantly higher in the BAJ scenarios

• The qualitative analysis does not capture all possible benefits of CO2 infrastructure in Denmark. In 

addition to the industries mentioned, other CO2-processing industries could emerge in Denmark, 

accelerating GDP and job growth. Moreover, the benefits related to some industries, like P-to-X and the 

production of e-fuels, go beyond GDP growth and job creation and can be of strategic importance, 

enhancing sector-coupling and supporting the energy transition in Denmark

80

NPV (Mio EUR, in 2022 

EUR)

EOO (6%) EOO (3.5%) BAJ – Current 

pathway 

(3.5%)

BAJ – Net zero 

pathway 

(3.5%)

Costs 8,311 10,202 11,612 12,377

Benefits 10,689 13,808 16,225 21,636

Total NPV 2,378 3,606 4,613 9,259
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Summary and Conclusions
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Summary
Market review

CO2 Volumes

The review shows that even when focusing on countries that are geographically close to Denmark and sectors that are hard 

to abate, the potential for CO2 imports can reach up to 25 MTPA in a current pathway scenario. If political effort towards CCS 

is ramped up and a net-zero pathway is envisioned, a significantly larger amount of captured CO2 might be available for 

import to Denmark. 

In this report, we have focused on hard-to-abate sectors, including those with a high share of biogenic CO2. Other CO2 

emitting sectors, such as blue hydrogen production, power production, may also be relevant, but securing political and public

support for storing these volumes onshore may be challenging.

Ports and Storage

Denmark has several ongoing projects where ports aim to facilitate CO2 exports and potentially imports. With a backbone 

CO2 pipeline, the need for port facilities will decrease.

The ongoing mapping of Danish storage sites shows a lot of storage potential. However, the evidence available today is still 

limited and a lot of uncertainty remains regarding total storage capacity and potential injection rates. We include both offshore 

and onshore sites in the scenarios. In any case the figure to the right shows that if CCS efforts are ramped up in the EU, It is

the storage capacity that is the likely limiting factor in how much CO2 Denmark could store. 

CCU in Denmark

There are several PtX projects in Denmark in the planning stage, but few are in advanced stages. Access to inputs such as 

CO2, hydrogen, and electricity are important prerequisites for PtX projects.

Lead times

For the development of full CCS value chains, the timing of each part of the value chain is crucial. The development of 

capture, transport, and storage projects roughly requires the same amount of time, which means that they all must be 

developed simultaneously. Typical project lead times are around 9-10 years in total. 

Scenario development

The above findings are best estimates of an expected and possible future development. These are used as input into the 

scenarios developed. The scenarios are potential storylines that highlight what the development could look like given different 

CCS policies in Denmark as well as in the EU.
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Estimated capture capacity (selected countries) as per ETO 

& PNZ,

contrasted to Danish injection capacities
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*This is the Danish storage injection capacity as estimated in this analysis, based 

on limited evidence available today. If CCS efforts are ramped up in the EU, 

storage capacity could be the limiting factor for Denmark’s CO2 storage 

potential.   
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Summary
“Each on their own”
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The "Each on their own" scenario depicts possible developments given current political CCS incentives in Denmark in a 2030 timeline. 

The capture projects are in direct competition with each other for funding resulting in a focus towards being early movers in the market. 

Onshore storage development is expected to start later and take longer compared to the development of Danish capture projects. This 

means that there is a mismatch in timelines between capture projects and storage projects. Therefore, ports end up developing more 

infrastructure than what is strictly needed as they accommodate both the capture and the storage projects with different timelines. 

The Cost-Benefit Analysis nevertheless shows that also this scenario can contribute positively to Danish society. The costs are the 

lowest among all the scenarios, but so are also the benefits. 

Captured and imported volumes

The Danish CO2 volumes that are handled in this scenario are in line with the targets for the current support scheme, meaning that they 

should be in operation by 2030. The capture projects included, and their volumes are based on official information from the project 

developers. The projects include the largest point emissions in Denmark within hard to abate sectors, located in Aalborg, Esbjerg, 

Kalundborg, and the greater Copenhagen region, and make up a total of 3.4 MTPA CO2.

The import volumes are based on capture capacity volumes in the ETO scenario. However, only a small fraction of the capture capacity, 

4.9 MTPA CO2, can be imported by vessel.  

Ports and infrastructure

The ports and pipelines included in this scenario reflect that all the CCS projects are developed on a case-by-case profitability 

assessment. The ports are developed in relation to the capture sites, and so are the pipelines between Kalundborg-Havnsø and 

Aalborg-Gassum. Once the storage sites are operational, the ports are also further developed to handle imports.

Storage sites

This scenario includes offshore storage sites Bifrost and Greensand as well as onshore storage sites Havnsø and Gassum. These have 

been included based on the maturity of current storage projects in Denmark according to official data and developer communications.  

Offshore storage sites Bifrost and Greensand are developed for imported volumes arriving by vessel. Onshore storage sites Havnsø and 

Gassum are also mainly used to store imported CO2 volumes, although some emissions from Aalborg are expected to be stored in 

Gassum. This implies that all these storage sites likely will be developed regardless of whether there is a larger CCS industry in 

Denmark. 
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Summary
“Build and they will join”

In both scenarios called “Build and they will join”, CCUS infrastructure, including storage sites and pipeline grid development, is planned, built and set in 

operation simultaneously in a rough 2030 timeline. The pipeline infrastructure will be designed to facilitate the expected storage capacity and account for both 

domestic and foreign volumes of CO2. These scenarios assumes a degree of public participation, financing, and coordination to facilitate simultaneous 

developments and resulting societal benefits.

The Cost-Benefit Analysis shows that both these scenarios provide a higher societal value than the “Each on their Own”-scenario. The costs are high, but so 

are the benefits. Especially the benefits related to tariff income from imported CO2 constitute a large societal benefit for Denmark. This highlights the role of 

imported CO2 volumes to realise the economies of scale in a Danish CCS industry.

Captured and imported volumes

More national CO2 will be captured in these scenarios due to the coordinated supporting infrastructure. 5.4 MTPA of domestic CO2 is captured in total, 2 

MTPA more than in the “EOO”-scenario. “Build and they will join” also facilitate the inclusion of small and medium-sized Danish emitters to connect to the 

pipeline through gathering networks potentially further increasing captured Danish volumes.

The “Build and they will join – current pathway” scenario, the potential for imported CO2 volumes is based on current CCS policies. In “Build and they will join 

– Net Zero Pathway”, available CO2 volumes are higher than the estimated Danish capture capacity. In both scenarios, the CO2 volumes arrive both by 

vessel and pipeline. 

Ports and infrastructure

The ports and pipeline infrastructure are designed to optimise the transport of domestic and imported CO2 volumes to onshore and offshore storage sites. 

The pipeline infrastructure is dimensioned to facilitate the expected storage capacity, accounting for both domestic and foreign volumes of CO2. In “Build and 

they will join – Net zero pathway”, a larger share of the imports is handled through pipeline than through vessel. Effectively, it shows that if Denmark can 

utilise the full potential of CO2 imports from Germany, vessel imports to the ports are less economically beneficial.  

Storage sites

In these scenarios, offshore storage sites Greensand and Bifrost are developed, and so are onshore storage sites Havnsø, Gassum, Thorning, and NW 

Jutland. The injection rates applied are based on GEUS estimates, with more optimistic injection rate estimates in the “Net zero Pathway” scenario.

Build-out in phases

These scenarios show a full backbone CO2 pipeline. However, it is also possible to realise this infrastructure in phases. The order in which infrastructure 

components should be built will depend on available CO2 imports. This should be further analysed in a feasibility study and is outside the scope of this report.
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Conclusions and Recommendations
Making Denmark a CO2-hub for Europe

Potential CO2 volumes

In the Chapter “Market and Regulatory review”, we show that significant potential for carbon capture 

capacity in European countries could develop over the next decade. Given its onshore and offshore 

storage sites, its strategic location close to Germany, the largest CO2 emitter in Europe, and its many 

ports, Denmark is exceptionally well placed to develop into a European CO2 hub. 

However, for Denmark to attract the CO2 volumes which are deemed acceptable to store by politics 

and the public opinion, Denmark must move fast towards developing low-cost storage sites, 

competitive with other storage projects across the North Sea Region.

An acceleration of European capture strategies and policies, which would bring Europe closer to the 

Net-Zero pathway with substantially higher capture capacities, would be highly beneficial from a 

Danish CO2 infrastructure perspective, in addition to advancing European climate policy and target 

achievement. 

More volumes are also available in Denmark than what is explicitly shown in this report. If a CO2 

backbone is developed, it may become possible and affordable for medium-sized Danish emitters to 

connect through gathering networks. This can significantly contribute towards reaching Danish climate 

goals in a 2030 and 2050 perspective.

Development of Danish Ports

The development of Danish ports to handle CO2 import and export is well on its way. However, in a 

scenario with higher CO2 capture rates across Europe, it is likely that a substantial share of CO2 

imports will be transported via pipelines. From an economic perspective, this centralization of imported 

emissions will reduce overall investment and operating costs and increase the competitiveness of 

Danish CO2 infrastructure.
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Development of Danish Storage sites

The uncertainties attached to size and injection rates of Danish storage sites increase project risk and 

therefore might directly impact the infrastructure and capture projects’ timelines. If projects related to the 

different CCS value chain segments are developed independently of each other, substantial inefficiency can 

occur. 

If, however, a joint coordinated infrastructure is developed for Danish CCS projects, then economies of scale 

and a more efficient use of resources can reduce overall CCS value chain costs, contributing to an efficient 

CCS industry development in Denmark.

A Danish CCU Industry

CCU should not be overlooked as a large potential industry in Denmark, especially following the ramp-up of 

the ReFuelEU initiatives in the maritime and aviation sectors from 2030 onwards. However, more is needed 

to develop a PtX industry than just CO2, and sector coupling with hydrogen infrastructure as well as 

electricity infrastructure are important prerequisites for a successful development of the industry. Ensuring 

that the CO2 quality in the pipelines meet the requirements for CCS as well as facilitating a biogenic CO2 

certificate scheme, would include the CCU-industry in a CO2 backbone infrastructure project. 

Project lead times

The scenarios and storylines developed in the “Scenario Development” Chapter highlight several points in 

how to successfully build CCS infrastructure in Denmark. The main take away from that scenario is the 

importance of ensuring that the lead times for capture, transport and storage projects are aligned. Otherwise, 

both investment and operating costs will increase, and the industry misses out on economies of scale. This, 

in turn, results in lower CO2 volumes, both imported and domestic, that can potentially be stored in Denmark.    

This report documents that Denmark has the geological, technological and geographical preconditions to become a European CO2 hub, thereby helping Europe to reduce 

emissions and contributing to reach ambitious European and Danish climate goals. However, the current Danish CCS policies lack a holistic view of ensuring competitiveness 

of the entire CCS value chain and harmonized incentives for the development of the value chain segments in relation to each other. Ensuring that lead times for capture, 

transport and storage projects are accounted for is key to attracting the necessary volumes of CO2 and realizing the economies of scale that can make Denmark a CO2 hub for 

Europe. 
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Conclusions and Recommendations
Making Denmark a CO2-hub for Europe

The significance of pipeline infrastructure

Developing pipelines will require significant effort. However, pipelines can greatly reduce CCS 

infrastructure OPEX and de-risk storage projects, such that more storage projects can be developed, and 

Danish transport and storage infrastructure could gain a competitive edge compared to other European 

storage projects.

A backbone pipeline infrastructure will enable imports of much larger volumes of CO2 than could be 

imported by vessel, thereby turning Denmark into a real European CO2 hub, where both onshore and 

offshore storage is used. These import volumes are paramount in realising the economies of scale needed 

to build a profitable project that brings value to Danish society. 

Danish CO2 infrastructure competitiveness

DNV recognizes that there is some competition between storage sites to secure contracts with CO2 

suppliers. Denmark lags somewhat behind in the development of a CCS sector compared to European 

countries such as the UK, Norway, and the Netherlands. If a strategy is created in line with what has been 

suggested in this report, Denmark should be able to capture market shares and offer competitive tariffs: 

i. The countries and volumes of CO2 identified in the market review are geographically closest to 

Denmark compared to other European countries with large CO2 storage facilities planned. However, 

it is not evident that this is enough to secure contracts with the relevant exporting countries. Denmark 

should offer competitive and preferably lower tariffs than their competitors. The geographic argument 

also applies for pipeline infrastructure from Germany, and, by extension, from Poland and Czechia. 

CO2 transport by pipeline is also a lot cheaper than by vessel, especially for the relevant and 

potential volumes coming from these countries.

ii. Onshore storage as planned in Denmark is cheaper and quicker to develop than offshore storage. 

The UK, the Netherlands, and Norway offer offshore storage exclusively.

iii. CO2 pipeline infrastructure can increase operational security through redundancies due to different 

interconnected storage sites. Onshore storage sites and pipelines also reduce the risk associated 

bad weather, storms or malfunctioning of offshore storage sites. 
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Policies and regulation

• To ensure the development of the required CO2-infrastructure in neighboring countries, eventually 

connecting foreign emitters to the Danish CO2-grid, Danish authorities should proactively promote for 

such CO2-infrastructure to be developed and integrated with European infrastructure, both on an EU 

level and nationally in relevant countries.

• For smaller and medium-sized Danish emitters to have access to the backbone pipeline, third-party 

access to the pipeline infrastructure must be ensured. Connection fees and tariffs can still apply, but a 

transparent and fair regulation is necessary to unlock the full societal benefits of the pipeline 

infrastructure. This is also mandated by the EU CCS Directive given reasonable tariffs that are cost-

based. 

• In a European context, significant biogenic CO2 emissions volumes could also be stored, thereby 

creating negative emissions. However, currently, there are little policy or economic incentives to 

generate negative emissions. We advise to closely follow policy and price developments related to 

negative emissions on European and international level, and on voluntary carbon markets.

• Third party access to the pipeline infrastructure must be ensured. Connection fees and tariffs can still 

apply, but a transparent and fair regulation is necessary to unlock the full societal benefits of the 

pipeline infrastructure. This is also mandated by the CCS Directive given reasonable tariffs, that for 

example can be cost-based.
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A.1 What is the ETO?

• The Energy Transition Outlook is DNV’s flagship 

report on the future of the energy transition

• DNV has a dedicated research unit focusing on 

researching and forecasting the energy transition

• 100+ experts across energy supply, demand, and 

transport infrastructure sectors contribute with sector-

specific insights

• The ETO develops also in collaboration with ~25 

partners in business and academia around the 

world

• It is one of the main energy transition reports globally, 

referenced by professional across the world

• The ETO is updated yearly, the newest has been 

launched in October 2023 and is up to date on 

newest energy and technology data, and policies
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A.1 What is our approach in the ETO?

General modelling principles

• The ETO encompasses the entire energy sector, i.e., including power, transport, industry, 

buildings etc

• Our approach in the ETO is to give our best estimate about the future development of the 

energy transition, not a scenario where a certain outcome (e.g., net zero) is reached –

descriptive instead of prescriptive

• The model is a simulation model (not optimization), it is feedback-driven and reflects 

long-term dynamics – the model is dynamic, demand affects supply which affects demand; 

trajectories are important (not snapshots), results are path-dependent

• We account for:

• Continued development of proven technology, we do not gamble on uncertain 

breakthroughs

• Main policy trends, but we are cautious regarding untested/unsubstantiated 

“commitments”, e.g. NDCs

• Behavioural changes, since the model reflects understanding of real-life decisions
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Implications

➢Detailed picture of all energy sub-sectors, 

feedback loops and synergies accounted 

for

➢CCS is only one of the possible 

decarbonization technologies in the model

➢ Technology mix depends on various 

factors, such as technology costs, costs 

reductions, resource availability and speed 

of change (e.g., production capacity 

constraints), convenience, support and 

policies (e.g., taxes, subsidies, bans)

➢Realistic, fact-based view on global and 

regional energy transition pathways
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Energy Transition Outlook

• The ETO describes DNV’s “best estimate” forecast 

of the energy future, i.e., a descriptive, not 

prescriptive scenario*

• The model simulates developments in the energy 

sector based on current policies, learning rates, and 

other long-term dynamics, i.e., there is not energy or 

climate goal specified that the model needs to 

achieve

Pathway to Net-Zero

• The Pathway to Net-Zero (PNZ) is a ‘backcast’ of 

what DNV considers to be a feasible, albeit 

challenging, pathway for the world to achieve net-

zero emissions by 2050**

• The PNZ is effectively a blueprint for how net-zero in 

2050 can still be hit within the bounds of technical 

and economic feasibility (prescriptive, not 

descriptive), and within the context of mainstream 

economic growth forecasts
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➢Describes a likely energy transition pathway, given 

current policies and trends 

➢Although the world could follow a PNZ pathway, there 

is currently no indication that it will. 

*Note that in the ETO, the EU has not yet reached a zero-carbon energy sector, which suggests that the EU’s 

2050 goal of climate neutrality by 2050 is likely not met. The ETO does not make a statement about climate 

neutrality of the EU because it omits all sectors but the energy sector. 

**Note that in the PNZ, the EU achieves zero-carbon emissions by 2045 in the energy sector and net-negative 

emissions in 2050 for the world to achieve net-zero emissions by 2050. 
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A.1 Overview of our CO2 capture volumes methodology for low 
and high volumes cases
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Country selection:

Based on regulatory review 
(for high and low case) and 

consortium feedback

Sector selection:

Focus on sectors with 
unavoidable emissions

Capture map:

Current emissions per region 
from hard-to-abate sectors

ETO:

Forecast of capture capacity for all 
energy sectors, on EU level

PNZ:

Forecast of capture capacity for 
all energy sectors, on EU level

➢ Match capture map emissions 

categories by sector to ETO 

sectors and capture capacities

➢ Scale ETO capture capacity 

forecast to country level for 

relevant hard-to-abate sectors 

using current capture map 

emissions 

➢ Low case volumes: Forecast 

of capture capacity for relevant 

hard-to-abate sectors by 

region/country

➢ High case volumes: Scale low 

case volumes with fixed yearly 

factor equal to PNZ/ETO*
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A.1 Current CaptureMap emissions from hard-to-abate sectors, 
all relevant regions

We chose to focus on hard-to-

abate sectors: 

• Cement

• Iron & Steel 

• Petrochemical refineries

• Waste to Energy

• Biomass & Bioenergy 

All emission points with more 

than 50kt CO2 per year were 

chosen. 
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Cement – 33.93 MtCO2

Waste to energy – 32.48 MtCO2 Biomass & Bioenergy – 27.3 MtCO2 

Refinery – 23.1 MtCO2

Iron & Steel – 20.41 MtCO2  

All hard-to-abate sectors – 137.2 MtCO2
Country name MtCO2

Germany 53.584

Poland 16.729

Sweden 15.913

Denmark 12.143

Belgium 10.722

Finland 10.365

France 8.735

Czechia 5.120

Lithuania 1.970

Estonia 1.400

Latvia 0.520
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A.1 ETO capture capacity as a proxy

Projecting capturable emissions into the future  
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*Europe encompasses the EU, EEA countries and the UK
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A.1 ETO and PNZ capture capacity

Comparing capturable emissions in the ETO and PNZ
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*Europe encompasses the EU, EEA countries and the UK
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A.1 ETO and PNZ carbon price in the EU
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*Europe encompasses the EU, EEA countries and the UK    **To calculate the total CO2 tax in Denmark, we use the ETO carbon price as proxy for the EU ETS carbon price and add the Danish CO2 tax on top
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A.2 Regulatory aspects –
Denmark (1/2)

Legal framework and political context

• A first Danish Cimate Law was adopted in 2014; a new Climate Law with bindings targets was adopted in 

2020, including targets to reduce GHG emissions by 70% by 2030 and to reach climate neutrality by 2050. 

• With the Climate Agreement for Energy and Industry (June 2020), the Government together with a broad 

range of parties in Parliament decided that CCS should play an important part in achieving Denmark’s 

climate goals. Therefore, changes in the regulatory framework should make capture, transport and storage 

of CO2 possible in Denmark, as well as cross-border transport of CO2. The agreement stipulated the 

development of a Danish CCS strategy.1

• In December 2021, A Roadmap for Capture, Transport and Storage of CO2 – Second part of a CCS 

Strategy was agreed upon, focussing on the entire CCS value chain. The roadmaps aims at ensuring that 

the first CO2 capture plants and storage sites are in operation by 2025.2 The political ambition in Denmark 

is to build an entire CCS value chain and for Denmark to become a hub for onshore and offshore CO2 

storage.3

• In June 2022, an agreement on Regulatory framework for CO2 storage in Denmark – Follow-up on 

Denmark’s CCS strategy has been reached. It ensures that the Danish state will be a co-owner of CO2 

storage licenses in Denmark. State participation ensures that the Danish state will have influence on 

subsoil activities in CCS and that the Danish society can benefit from potential economic gains. State 

ownership will be assumed by Nordsøfonden.4

• CO2 capture was included in the activities requiring an environmental permit in 2011. Permits are required 

for CO2 transportation; access to infrstructure is not resolved yet. Legislation exempting geological storage 

and transport of CO2 from prohibitions against dumping in the Marine Environment Act entered into force 

in 2022.4

Ongoing projects

• In addition to funding support, the Danish Government has entered a bi-lateral agreement with the Belgian 

Government, along with Flanders, which aims to support cross border CO2 transport between the two 

countries. There are a few storage projects and a waste to CCS in advanced development in Denmark, 

such as project Bifrost and project Greensand (see details on next slide). 

Governmental support for CCUS (direct and indirect)

• Through three government programs, the Danish Government invests a total of around EUR 5 billion in 

support of CCUS. 

• With the Agreement on the distribution of research reserves (October 2020), the Danish government 

and a parliamentary majority allocated DKK 700 million to establish four green research missions under the 

Innovation Fund, including a mission focused on capture, storage and utilization of CO2 (“Inno-CCUS”). It 

aims at developing cost-effective CCUS solutions to reduce emissions and create negative emissions from 

industrial emitters, waste incineration plants, biogas plants, and biomass-based CHP installations.5

• With the Agreement on the future of oil and gas extraction in the North Sea (December 2020), DKK 200 

million for allocated for CO2 storage projects in the North Sea in 2021-2022.6

• In December 2021, the Agreement on Investments in a continually greener Denmark under the Finance 

Act for 2022 was signed, introducing a new subsidy fund (NECCS fund) of DKK 2.5 billion (EUR 0.4 

billion). The aim is to achieve negative emissions of 0.5 Mtons CO2 per year from 2025.7

• In June 2022, an Agreement on green tax reform for the industry was reached. It regulates the creation of 

a new subsidy fund for the capture and storage of CO2 from both fossil and biogenic CO2 sources (19.5 

billion DKK, 2.6 billion EUR).8

• The European Commission has approved, under EU State aid rules, a €1.1 billion Danish scheme to 

support the roll-out of carbon capture and storage (‘CCS') technologies. Under the scheme, the aid will be 

awarded through a competitive tendering procedure to be concluded in 2023. The tender is open to 

companies active in any industrial sectors, including the waste and energy sectors. Under a 20-year 

contract, the beneficiary will capture and store an annual minimum of 0.4 million tonnes of CO2 from 2026 

onwards. The aid will cover the difference between the estimated total costs of capturing and storing a 

tonne of CO2 over the lifetime of the contract and the return expected by the beneficiary. The maximum 

amount of aid will be equal to €54.9 million per year (DKK 408.4 million), adjusted to inflation.
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1 Climate Agreement for Energy and Industry 2 Roadmap 3 Nordic Council of Ministers 4 Regulatory framework
5 Agreement on the distribution of research reserves 6 Agreement on the future of oil and gas extraction in the North Sea 7 

Investments in a continually greener Denmark 8 Green tax reform

https://kefm.dk/Media/8/8/aftaletekst-klimaaftale-energi-og-industri%20(1).pdf
https://www.regeringen.dk/media/10930/delaftale-om-investeringer-i-et-fortsat-groennere-danmark.pdf
https://pub.norden.org/temanord2023-521/temanord2023-521.pdf
https://kefm.dk/Media/637914812834794479/Aftale%20om%20rammevilk%C3%A5r%20for%20CO2-lagring.pdf
https://ufm.dk/lovstof/politiske-aftaler/endelig-aftale-om-fordeling-af-forskningsreserve-og-mere.pdf
https://kefm.dk/Media/0/3/Nords%C3%B8aftale%20(2).pdf
https://www.regeringen.dk/media/10930/delaftale-om-investeringer-i-et-fortsat-groennere-danmark.pdf
https://fm.dk/media/26070/aftale-om-groen-skattereform-for-industri-mv-a.pdf


DNV © 15 JANUARY 2024

A.2 Regulatory aspects –
Denmark (2/2)

Projects

• Three companies, I/S Vestforbrænding, Ørsted Bioenergy & Thermal Power A/S, and Aalborg Portland, 

were pre-qualified to participate in the tender, and all the three of them submitted indicative offers and 

participated in negotiations. A contract was established with Ørsted for BECCS projects on two biomass 

fired power stations. In parallel Ørsted signed a contract with Microsoft for the sale of the associated CDR 

credits. 

• Project Greensand is working towards enabling Denmark to use CO2 storage as part of the solution to 

the climate challenges. The project is supported by the Danish state through the Energy Technology 

Development and Demonstration Program - EUDP.

• The consortium consists of 23 Danish and international partners who contribute with expertise from 

transportation, storage and monitoring of CO2 in the subsoil. The consortium's members include 

everything from Danish and international companies, research institutes, universities, and start-ups. The 

Danish Government has entered a bi-lateral agreement with the Belgian Government, along with Flanders, 

which aims to support cross border CO2 transport between the two countries. 

• The goal for Project Greensand is to help establish a value chain for transportation and geological CO2 

storage offshore in Denmark in 2025/2026. The project is currently in the pilot phase, which is called phase 

2. Here the project is developed and demonstrated. The first CO2 to be stored in the North Sea will be 

sailed from Antwerp in Belgium to the Nini platform in the North Sea. Here it is sent underground via the 

existing offshore platform and a dedicated well for the purpose. The CO2 will be permanently stored in a 

sandstone reservoir 1800 meters below the seabed. 

• Geological and production data on the Nini field have been collected for more than 20 years. This means 

that the consortium's leading partners INEOS and Wintershall Dea know the structures of the underground 

well. All this data is important knowledge when the CO2 is to be stored underground and subsequently 

monitored carefully to ensure efficient and secure storage.

• Project Bifrost aims to use depleted offshore oil and gas fields (owned by the Danish Underground 

Consortium, consisting of TotalEnergies, Noreco and Nordsøfonden) and pipelines connecting to shore 

(Ørsted). The project is also supported through the EUDP. 

• The plan is to initially mature a 3 MPTA of CO2 storage around Harald. The project wants to scale up 

injection to 16 MPTA. 

• The project wants to demonstrate the re-use of existing wells for injection and storage of CO2 and 

repurposing of existing hydrocarbon pipelines for CO2 transportation, in addition to alternative transport vai

ship. 
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A.2 Regulatory aspects – the 
Netherlands

Legal framework and political context

• The Netherlands is geographically and economically well positioned for CCS. There are large depleted 

natural gas reservoirs which can provide suitable storage. The Dutch industry is energy intensive and 

concentrated in a few industry districts, which makes economies of scale possible for transport and 

capture. 

• The Netherlands has attempted three CCS projects: two onshore and one offshore near the Port of 

Rotterdam (ROAD). However, none of the projects have been realized. The reasons encompassed 

societal resistance (for the two onshore projects), whereas the offshore project faced financing and 

managerial issues.1 

• The Netherlands allows CO2 storage in empty offshore oil and gas fields. To store CO2, a storage permit 

is necessary.2

Ongoing projects

• Currently, the Porthos project in the Netherlands is one of the most advanced European CCS projects 

under development. The aim is to collect captured CO2 from various companies in the Rotterdam port 

area, transporting it via a pipeline running through the port and storing in the same depleted offshore 

natural gas field targeted by the ROAD project. The Final Investment Decision has been taken in October 

2023. Upon expected completion in 2026, the project aims to store 1.5 million tonnes of CO2 per year for 

15 years.3 Similarly, the Aramis project, a collaboration between TotalEnergies, Shell, Energie Beheer

Nederland (EBN) and Nederlandse Gasunie, aims to offer a decarbonisation solution for the industrial 

sector by enabling the transport of CO₂ to depleted offshore gas fields under the North Sea.4

• Since 2005, OCAP captures CO2 from industrial sources, purifies it and supplies more than 500 kilotons of 

CO2 annually, via a pipeline to greenhouses in western Netherlands. The availability of external CO2 

enables horticultural entrepreneurs to significantly reduce their natural gas consumption and thereby to 

lower their CO2 emissions.5 

Governmental support for CCUS (direct and indirect)

• SDE++ is the Dutch clean energy subsidy scheme. In 2020, the scope of the previous SDE+ scheme, was 

broadened from renewable energy production to other CO2 emission reduction measures, such as CCS. 

Industries, companies, and non-profit organisations can apply to obtain a subsidy under the SDE++. The 

SDE++ is an exploitation subsidy which works like a CfD. Applicants submit an application bid (costs of 

avoidance of one ton of CO2). The bidders with the lowest bids are awarded the subsidy and are paid out 

if the “correction amount” (the CO2 market price) is below their bid (up to a certain minimum CO2 price 

threshold).

• In 2022, the SDE++ funding amounted to 11.9 billion Euros, with 8 CCUS projects obtaining the largest 

share of the budget, 6.7 billion Euros.6 All of these projects are related to the Aramis project, another 

CCUS project in the Port of Rotterdam, which is in the concept design phase at the moment.7 As part of 

the SDE++ 2021 funding round, the Dutch government confirmed it allocated EUR 2.1 billion in grant 

money for the four customers of the Pothos CCS project: Air Liquide, Air Products, ExxonMobil and Shell. 

Also, a subsidy of 110 million Euro has been granted to GIDARA Energy and OCAP (subsidiary of Linde 

Gas) for their project CCUS project. They aim to capture CO2 from the Advanced Methanol Amsterdam 

(AMA) Facility and distribute it to greenhouses by the OCAP pipeline.

• In addition to the EU ETS, the Dutch government and Parliament implemented a Dutch carbon tax. The 

aim of the tax was to provide a larger CO2 reduction incentive than provided by the EU ETS, more 

predictability and CO2 price stability.

• The Dutch carbon tax was supposed to start at  € 30 per ton CO2 in 2021, increasing by € 10.56 each 

calendar year, leading to an eventual CO2 tax of € 125 per ton CO2. Companies can deduct the cost of 

EU ETS obligations from this tax. 

• However, the Dutch CO2 tax seems to not have provided any additional incentives beyond the EU ETS in 

the years since its implementation.8
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1https://www.frontiersin.org/articles/10.3389/fenrg.1011.644796/full#:~:text=The%10First%10Dutch%10CCS%10Project,societal%

1C%10political%10and%10funding%10challenges.  

2 Mijnbouwvergunningen.nl    3 https://www.porthosCO2.nl/en/project/ 4 https://www.aramis-ccs.com/ 5 

https://www.ocap.nl/nl/index.html 6 RVO 7 https://www.aramis-ccs.com/project

8 https://klimaatweb.nl/nieuws/de-CO2-heffing-in22-1013-snapt-u-het-nog/

https://www.frontiersin.org/articles/10.3389/fenrg.2021.644796/full#:~:text=The%20First%20Dutch%20CCS%20Project,societal%2C%20political%20and%20funding%20challenges
https://www.frontiersin.org/articles/10.3389/fenrg.2021.644796/full#:~:text=The%20First%20Dutch%20CCS%20Project,societal%2C%20political%20and%20funding%20challenges
https://mijnbouwvergunningen.nl/cms/view/cfb32d70-d1fd-48fa-913a-87e83211dd50/co2-opslag
https://www.porthosco2.nl/en/project/
https://www.aramis-ccs.com/
https://www.ocap.nl/nl/index.html
https://www.rvo.nl/nieuws/sde-1011-vermindert-CO2-uitstoot-met-46-mton
https://www.aramis-ccs.com/project
https://klimaatweb.nl/nieuws/de-co2-heffing-in-2023-snapt-u-het-nog/
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A.2 Regulatory aspects –
Sweden

Legal framework and political context

• In the Swedish Climate Act from 2017, Sweden is committed to achieving climate neutrality by 2045. 

Greenhouse gas emissions shall be reduced by at least 85% by 2045, compared to 1990, which means 

that approximately 11 Mt CO2e need to be counterbalanced by so called complementary measures. 

Therefore, CCS is acknoweldged as a means of achieving negative emissions through the deployment of 

BECCS.

• There are CCS targets for 2030 (3.7 MtCO2e, of which 1.8 MtCO2 from BECCS) and for 2045 (10.7 

MtCO2e, 3-10 MtCO2 from BECCS).

• Sweden has national plans to develop CCS technology but not for the development of national storage 

sites. In 2021, the Swedish Energy Agency drafted a bilateral storage agreement with Norway on behalf of 

the Swedich government. It aims at storing Swedish carbon dioxide offshore in the Norwegian North Sea. 

Sweden is open to consider other countries for CO2 storage, given that they have an existing CCUS 

industry.1

• In order to export CO2 to Norway, Sweden has also recently decided to ratify the 2009 amendment to the 

London Protocol that allows CO2 export to other states for storage purposes.2

• A permit is required for the capturing of CO2 streams for geological storage under the Regulation on 

Geological Storage of CO2. Concessions need to be granted to draw and use pipelines longer than 20 km 

for CO2 transportation for geological storage. Concessions can be valid for maximally 40 years. 

Intermediate storage of CO2 is seen as storage of non-harmful waste requiring a permit if the quantity 

stored exceed 10,000 tonnes. Geological storage of CO2 is only allowed offshore, but onshore storage 

could be allowed in the future. No closer mapping of storage spaces has been done yet.3

Ongoing projects

• There are a few projects in advanced and early development in Sweden: the Stockholm Energi BECCS, to 

be operational in 2025, and some other projects related to hydrogen production and CO2 transport 

infrastructure.4  There are no storage projects in Sweden. 

Governmental support for CCUS (direct and indirect)

• The Industrial Leap, adopted in 2018, should support the energy transition and Sweden’s climate goals 

by supporting technological advances in (i) process emissions reductions, (ii) negative emissions/BECCS, 

and (iii) strategically important industry initiatives supporting the net zero transition. The Industrial Leap 

comprises a total of 1 354 million SEK in 2023 and projects that run until 2030 can be funded. The venture 

is part of the EU Recovery and Resilience Facility (RRF) and Next Generation EU.5

• CCS projects can receive support through the Green Industry Leap. Support can be given to research, 

feasibility studies, pilot and demonstration projects, as well as general investments. In 2019, the Swedisn 

government allocated SEK 100 million to pilot projects to acelerate the deployment of CCS and BECCS. 

From 2020-2027, the support is SEK 50 million annually.6

• Besides that, funding for BECCS is available, implemented by a reverse auction.6 This means that 

applicants can submit a bid on how much carbon dioxide they can capture and store, and at what cost. 

The winning bid will be the best solution at the lowest cost. The state aid will cover costs for capture, 

transport and storage during a binding 15 years.7 The first auction should take place in 2023. It is expected 

that the storage and the payment will not be realized before 2026.8

• Only companies with carbon dioxide emissions of biogenic origin, such as pulp and paper industries or a 

combined heat and power supplier, can participate in the reversed auction.
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1 Swedish Energy Agency 2 Global CCS Institute 3 Nordic Council of Ministers 4 Global-Status-of-CCS-2022_Download.pdf 

(globalccsinstitute.com) 5 The Industrial Leap (energimyndigheten.se) 6 Assessment of the Market Potential for CO2 Storage in 

Denmark 7 State aid for BECCS (energimyndigheten.se) 8 IEA

https://www.energimyndigheten.se/en/sustainability/carbon-capture-and-storage/questions-and-answers-about-ccs-and-the-support-system/
https://www.globalccsinstitute.com/wp-content/uploads/2022/05/Perspective-A-review-of-national-responses-to-CCS-under-the-London-Protocol-Global-CCS-Institute.pdf
https://pub.norden.org/temanord2023-521/temanord2023-521.pdf
https://status22.globalccsinstitute.com/wp-content/uploads/2022/11/Global-Status-of-CCS-2022_Download.pdf
https://status22.globalccsinstitute.com/wp-content/uploads/2022/11/Global-Status-of-CCS-2022_Download.pdf
https://www.energimyndigheten.se/en/innovations-r--d/energyintensive-industry/the-industrial-leap/
https://www.ft.dk/samling/20222/almdel/kef/bilag/130/2665695.pdf
https://www.ft.dk/samling/20222/almdel/kef/bilag/130/2665695.pdf
https://www.energimyndigheten.se/en/sustainability/carbon-capture-and-storage/state-aid-for-beccs/
https://www.iea.org/policies/14843-support-scheme-for-bio-ccs
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A.2 Regulatory aspects –
Finland

Legal framework and political context

• Finland has one of the most ambitious climate targets. According to the Finnish Climate Change Act, which 

entered into force in July 2022, Finland's net emissions should be zero or negative by 2035. By 2030, 

emissions must be reduced by 60% as compared to 1990 emissions. The emissions reduction targets for 

2040 and 2050 are -80% and -95%, respectively. 

• CCUS is mentioned in Finland’s national climate and energy strategy.1 

• Finland acknowledges that carbon capture will be a part of Finland’s international cooperation on clean 

energy and that carbon captured in Finland could be transported to storage sites on ships, since no 

geological storage sites have been identified in Finland. No geological storage is allowed in Finland. 

• In its Medium-term Climate Change Policy Plan from July 2022, the government also announces its intent 

to carry out pilot projects on CCUS technologies in the context of an emission reduction target from waste 

incineration of 0.1 Mt CO2 by 2030.2

• In the draft update (June 2023) for Finland’s Integrated National Energy and Climate Plan, BECCS is 

identified as a possible option for CCS. However, it is stated that BECCS is not yet economic in Finland. 

CCU is mentioned as an area of interest, especially related to the production of synthetic methane, 

synthetic methanol and ammonia from clean hydrogen.3 

Ongoing projects

• A blue hydrogen project from Neste, which would have involved shipping CO2 to the North Sea for 

storage, was cancelled following Russia’s attack on Ukraine and the termination of Russian gas imports 

into Finland. 

• According to the draft update of Finland’s Integrated National Energy and Climate Plan, there are no other 

active CCS projects in Finland. 

Governmental support for CCUS (direct and indirect)

• Development and use of CCUS technologies and solutions should be accelerated, according to the 

national climate and energy strategy. 

• Finland’s national climate and energy strategy mentions 150 million Euros which are allocated to hydrogen 

and CCUS projects in industry through the Sustainable Growth Programme for Finland. The programme 

also promotes research and development activities, and investments in energy infrastructure and new 

energy technology. The funding for the Sustainable Growth Programme comes from the EU’s Next 

Generation EU. 
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1 Carbon neutral Finland 2023 – national climate and energy strategy 2 Medium-term Climate Change Policy Plan 3 Integrated 

National Energy and Climate Plan, draft update

https://julkaisut.valtioneuvosto.fi/bitstream/handle/10024/164323/TEM_2022_55.pdf?sequence=4&isAllowed=y
https://api.hankeikkuna.fi/asiakirjat/11131553-2171-402c-b1ac-482e99430154/ea6b32ed-6089-4915-a6a3-4158263b7b25/JULKAISU_20220714114542.pdf
https://tem.fi/documents/1410877/2132096/Suomen+kansallinen+energia-+ja+ilmastosuunnitelman+p%C3%A4ivitysluonnos+2023.pdf/eed2f312-f9a2-1e11-6e9a-82c0b906c4d2/Suomen+kansallinen+energia-+ja+ilmastosuunnitelman+p%C3%A4ivitysluonnos+2023.pdf?t=1688045449312
https://tem.fi/documents/1410877/2132096/Suomen+kansallinen+energia-+ja+ilmastosuunnitelman+p%C3%A4ivitysluonnos+2023.pdf/eed2f312-f9a2-1e11-6e9a-82c0b906c4d2/Suomen+kansallinen+energia-+ja+ilmastosuunnitelman+p%C3%A4ivitysluonnos+2023.pdf?t=1688045449312
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A.2 Regulatory aspects –
Norway

Political context and legal framework

• Norway is the leading country in Europe regarding CCUS technology. There are two operational CO2 

storage sites, storing 1.7 Mton CO2 annually. 8 new CCUS projects were announced in 2022 in Norway. 

• CCS is a priority area for Norway’s climate action, and is identified as an important measure in Norway’s 

NDC.1 In addition, Norway aims to produce blue hydrogen with the help of CCS. 

• Surveying and exploration for subsea reservoirs for storage of CO₂, and exploitation, transport and storage 

of CO₂ in such reservoirs on the Norwegian continental shelf as part of the petroleum activities is regulated 

by the Petroleum Act (Act No. 72 of 29 November 1996) with associated regulations.2  Offshore storage is 

hence allowed, in contrast to onshore storage. 

Projects

• Norway has several related facilities under construction currently. These are the capture facility at the 

Norcem Brevik Cement Plant, operated by HeidelbergCement, which will capture and store 0.4 Mtpa CO2 

and the Northern Lights transport and storage facilities with a capacity of 1.5 Mtons CO2 of storage, 

expanding to between 5 and 7 Mtons CO2 in phase two.3
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Governmental support for CCUS (direct and indirect)

• In 2020 the Norwegian government launched the “Longship” CCS project. The funding 

included4:

• Capture of CO2 at Norcem’s cement factory in Brevik

• Capture of CO2 at Fortum Oslo Varme’s waste incineration facility in Oslo, providing that 

the project secures sufficient own funding as well as funding from the EU or other sources

• Funding for the transport and storage project Northern Lights

• The total investments in Longship are estimated at NOK 17.1 billion. This includes Norcem, 

Fortum Oslo Varme as well as Northern Lights. The operating costs for ten years of operation 

are estimated at NOK 8 billion. The total cost estimate is thus NOK 25.1 billion. Longship will 

receive state aid in accordance with negotiated agreements. The state’s part of these costs are 

estimated at NOK 16.8 billion

• In 2022, Norway announced NOK1 billion (US$100 million) to support three large blue 

hydrogen projects

• Norway introduced a CO2 compensation scheme which supports Norwegian energy intensive 

industries at risk of carbon leakage due to higher electricity costs because of the EU ETS. 

Companies in eligible sectors can receive a maximum compensation of 75% for indirect 

emission costs incurred from 1 January 2021 until 31 December 2030. The estimated total 

budget is NOK 101 bn and the estimated annual budget for 2021 is NOK 3.65 bn

1 IEA 2 ndp.no 3 GCCSI: Global Status of CCS 2022 4 Regjeringen.no

https://iea.blob.core.windows.net/assets/de28c6a6-8240-41d9-9082-a5dd65d9f3eb/NORWAY2022.pdf
https://www.npd.no/en/regulations/regulations/exploitation-of-subsea-reservoirs-on-the-continental-shelf-for-storage-of-and-transportation-of-co/#:~:text=with%20associated%20facilities.-,Surveying%20and%20exploration%20for%20subsea%20reservoirs%20for%20storage%20of%20CO%E2%82%82,November%201996)%20with%20associated%20regulations.
https://status22.globalccsinstitute.com/wp-content/uploads/2022/11/Global-Status-of-CCS-2022_Download.pdf
https://www.regjeringen.no/en/historical-archive/solbergs-government/Ministries/smk/Press-releases/2020/the-government-launches-longship-for-carbon-capture-and-storage-in-norway/id2765288/
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A.2 Regulatory aspects – UK

Political context and legal framework

• The 2008 Energy Act, adopted in line with the EU Directive on CCUS, established a regime for the 

regulation of CO2 storage, introducing a licensing requirement for offshore CCUS, which was extended to 

onshore and adjacent internal waters in the UK. Adjacent regulations regulate storage permit issuance, 

liability, inspections and set out requirements for CCUS operations.1

• The UK Government’s 10-Point Plan for a Green Industrial Revolution in 2022 committed to investing in 

CCUS. This resulted in several CCS-specific policies and funds, including the UK CCUS Innovation 

Programme, which aims to enhance CCS research and innovation programmes, along with the CCS 

Infrastructure Fund (CIF). 

• In 2022, the UK released a CCUS Investor Roadmap, illustrating its CCUS delivery plan from 2021 to 

2035,2 which has been updated by the CCUS Net Zero Investment Roadmap in April 2023.3

CCS clusters and projects

• The government has committed to establishing two CCS clusters by the mid-2020s (Track 1 clusters) and 

two more by 2030 (Track 2 clusters) through this CCUS Infrastructure Fund (CIF) of £1 billion. The aim is 

to provide enabling infrastructure for a range of capture projects, including gas power plants, industry, low 

carbon hydrogen production, bioenergy, and direct air capture (DAC).

• The most important selection criterion for track 1 clusters has been the clusters’ proven readiness to be 

deployed the mid-2020s.4

• The first two projects expected to be supported through the Track 1 programme are the HyNet Cluster 

serving emitters in Northwest England and North Wales, and the East Coast Cluster which will serve 

emitters in Teesside. These projects will enter the Track 1 project negotiations as preferred beneficiaries of 

the CIF. 

• Through the CIF-selected projects, the UK Government aims to capture and store 20 to 30 Mtpa CO2 by 

2030. In March 2023, the UK government selected 8 projects to proceed to negotiations for support 

through relevant business models.5
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Governmental support for CCUS 

• The UK government has offered financial support to CCS projects twice in the past and in both 

cases the competitions were cancelled. 

• The first competition for £1 billion of capital budget was launched by the UK government in 

20071 and cancelled four years later in 2011. This was due to insufficient planning and 

recognition of the commercial risks at the time. The main project involved was E.ON's 

Kingsnorth coal power station which E.ON cancelled before the end of the competition. 

• Similarly, the second competition for up to £1 billion of capital support was launched in 2012 

and subsequently cancelled at the end of November 2015. Two preferred bidders had been 

announced in 2013: White Rose (Drax), and Peterhead (Shell). FID was planned to take place 

in early 2016, delayed from early 2015. Both projects were cancelled.

• The CIF supports the different areas of CCUS differently and business models have been 

designed which will provide bespoke commercial frameworks for each area6

• Transport and Storage: User Pays revenue model with upfront capital contributions via the 

CIF.

• Industrial Carbon Capture: CAPEX grants and OPEX support is available via CIF. CAPEX 

support also possible via the Industrial Energy Transformation Fund.

• Power CCUS: Funding by consumer through a Dispatchable Power Agreement consisting 

of an availability payment for low carbon generation capacity and a variable payment, no 

direct CIF support available.

• Hydrogen: The government has committed to enabling up to 10 GW of hydrogen 

production, supported by 240 m from the Net Zero Hydrogen Fund (NZHF). Blue hydrogen 

will draw on the NZHF for support of CAPEX, but no further support from the CIF is 

available. However, hydrogen projects can benefit from CIF supported transport 

infrastructure. 
1 morganlewis.com     2 CCUS Investor Roadmap 3    CCUS Net Zero Investment Roadmap 4 Cluster Sequencing for Carbon 

Capture Usage and Storage Deployment: Phase-1 5 Offshore energy 6 Policy paper: The Carbon Capture and Storage 

Infrastructure Fund: An update on its design

https://www.morganlewis.com/pubs/2022/06/carbon-capture-usage-and-storage-uk-regulatory-regime
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1149001/ccus-roadmap.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1167167/ccus-investment-roadmap.pdf
https://assets.publishing.service.gov.uk/media/609c01db8fa8f56a353a1349/ccus-cluster-sequencing-phase-1-guidance-for-submissions.pdf
https://assets.publishing.service.gov.uk/media/609c01db8fa8f56a353a1349/ccus-cluster-sequencing-phase-1-guidance-for-submissions.pdf
https://www.offshore-energy.biz/uk-eight-ccus-projects-proceed-to-negotiations-for-support/#:~:text=The%20projects%20that%20form%20the,CCS%2C%20Protos%20Energy%20Recovery%20Facility%2C
https://www.gov.uk/government/publications/design-of-the-carbon-capture-and-storage-ccs-infrastructure-fund/the-carbon-capture-and-storage-infrastructure-fund-an-update-on-its-design-accessible-webpage
https://www.gov.uk/government/publications/design-of-the-carbon-capture-and-storage-ccs-infrastructure-fund/the-carbon-capture-and-storage-infrastructure-fund-an-update-on-its-design-accessible-webpage
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A.2 Regulatory aspects –
Germany

Legal framework for CCUS in Germany

• In 2009, the German government adopted a first draft of a CCS law to transport the EU CCS directive into 

national regulation, which would have allowed for large-scale use of CCUS technologies in Germany.

• However, protests against projects in some states of Northern Germany resulted in regional governments 

to call for limitations to CO2 storage projects. 

• In 2011, the federal government introduced a new draft, where CCUS projects were limited to testing and 

demonstrating purposes. According to that law, which came into effect in 2012, three medium-sized pilot 

projects would have been allowed. It enabled federal states to prohibit carbon storage in certain regions, 

resulting in German states effectively introducing a ban. The law’s deadline for project applications passed 

in 2016 without a single submission. Therefore, it is impossible to start a CCUS project in Germany at the 

moment. 

Past political context and public protests

• Public opposition in the 2000’s in Germany was focussed on carbon storage, and less on transport and 

capture. Whereas the public tended to regard CCU technologies positively, the opposition against CCS 

technologies has dominated the debate. It was claimed that CO2 storage was associated with 

unmanageable risks, in which resulted in the opinion that risks and liability issues of CCS technologies 

were insufficiently clarified. This public sentiment does not account for the extensive experience in dealing 

with underground resources. 

• In addition, to focus of public discussion at that time was on the application of CCS in electricity generation 

from fossil fuels, primarily by coal-fired power plants. The idea of building new fossil fuel power plants with 

CCS option or refurbishing existing fossil fuel power plants with CCS triggered public opposition due to the 

fear of lock-in effects into continuing fossil fuel usage. The hope of civil society and activists was that 

Germany would be able to reach carbon neutrality in power quickly through renewable energy sources.2

Political context today and future CCUS plans 

• In its Climate Protection Act (Klimaschutzgesetz) in 2021, Germany has set the goal of achieving 

climate neutrality by 2045, which is why the government announced the development of a Carbon 

Management Strategy for 2023 to define guidelines and support for CCUS.

• Today Germany is the largest emitter in Europe. According to analyses of the long-term scenarios project, 

34-73 Mtons of CO2 will need to be captured and stored by industrial plants in Germany after climate 

neutrality has been achieved in 2045.3

• In September 2018, an alliance of German experts called for an immediate and open public debate on 

whether and how CCUS should be used for unavoidable industrial emissions.4 The current German 

government brought CCUS back on the political and public agenda with their CCUS law evaluation report, 

their planned Carbon Management Strategy, a Norwegian-German agreement including negative 

emissions and blue hydrogen import to Germany.1

• While CCUS for unavoidable emissions is gaining support amongst political parties, some NGOs, e.g. 

Greenpeace, still remain cautious. In addition, there is no polling available on the public’s acceptance of 

CCUS, apart from a 2015 report by Fraunhofer ISI which concluded that CCUS had no support.5

• The Carbon Management Strategy (planned for 2023) should lay out how CCUS could be part of a 

portfolio of measures designed to achieve climate neutrality in Germany by 2045. The Ministry for Energy 

and Climate (BMWK) announced that it will support CCUS projects in emissions intensive industries 

utilizing CO2 or storing it long-term, preferably underneath the North Sea. The Strategy should go hand in 

hand with the adaptation of the relevant regulatory framework, for example for approval procedures and 

the development and financing of (transport) infrastructure. Measures and funding programs in special 

application areas are also to be developed. In 2021, North Rhine-Westphalia published its Carbon Climate 

Strategy, where it lays out the necessity of CCUS and the necessary steps to develop the technology in its 

state.6

• CCS support: New guidelines for a federal support programme on the decarbonisation in the industry are 

to be introduced beginning of 2024. In addition to decarbonisaiton and electrificaiton projects, CCUS 

projects are to be subsidised with a maximum amount of 25 million Euros. DAC and storage development 

projects are also eligible.7
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1 Clean Energy Wire 2 Acatech 3 BMWK

4 Call for open debate on CCU and CCS to save industry emissions | Clean Energy Wire 5 Schlussbericht Chancen für und 

Grenzen der Akzeptanz von CCS in Deutschland "CCS-Chancen" (fraunhofer.de)

6 Wirtschaft NRW: CCUS seems particularly relevant to North Rhine-Westphalia since it used to be a state with a high share of 

coal and steel industry, whereas nowadays the main industry sectors are mechanical engineering, the electrical industry, the 

automotive industry and the plastics and chemical industry 7 Energate; BMWK

https://www.cleanenergywire.org/factsheets/quest-climate-neutrality-puts-ccs-back-table-germany#two
acatech_POSITION_CCU_CCS_WEB-002_final.pdf
https://www.bmwk.de/Redaktion/DE/Downloads/Energiedaten/evaluierungsbericht-bundesregierung-kspg.pdf?__blob=publicationFile&v=1
https://www.cleanenergywire.org/news/call-open-debate-ccu-and-ccs-save-industry-emissions
https://www.isi.fraunhofer.de/content/dam/isi/dokumente/cce/2015/BMBF_03G0831A_CCS_Chancen_Schlussbericht.pdf
https://www.wirtschaft.nrw/sites/default/files/documents/mwide_br_carbon_management_strategie_summary_eng_bf.pdf
https://www.energate-messenger.com/news/237444/german-economics-ministry-launches-ccs-funding-programme
https://www.foerderdatenbank.de/FDB/Content/DE/Foerderprogramm/Bund/BMWi/dekarbonisierung-industrie.html


DNV © 15 JANUARY 2024

A.2 Regulatory aspects –
Poland

Political context and legal framework

• Poland does not yet have a national CCUS strategy. In the Polish energy strategy, “Energy Policy of 

Poland until 2040”, CCUS is mentioned as a technology in the context of coal generation, but it is not 

accounted for in the Polish energy transition plans.1 However, given Poland’s reliance on fossil fuels, 

especially coal, in the power sector, CCUS could play an important role as a transition technology. 

• Poland’s legal framework on geological storage of carbon dioxide (included in the Polish Geological and 

Mining Law) stated that CO2 storage is only allowed for demonstration projects and storage is only allowed 

offshore under the Baltic Sea.2 The government has just updated this framework to allow for industrial-

scale CO2 storage and has indicated some interest in CCUS, including to increase the use of hydrocarbon 

deposits and to support the transformation of coal mining regions. The updated legal framework has been 

adopted by the Parliament and signed by the president at the beginning of September 2023.3 A working 

group on the development of CCUS technology was established in 2021.4 A next step would be the 

development of Polish support mechanisms.

Projects

• There has been a failed attempt to install CCUS in one of Poland’s largest coal fired power plants, 

Belchatow, previously. Here the latest 858 MW unit, opened in 2011, was adapted for interoperability with 

a CO2 capture installation. The project was abandoned in 2013, after having failed to secure financing.5

There is currently one operational CCUS project in Poland which has been reinjecting a by-product of 

natural gas refining at the Borzecin gas field since 1996.6

• Although there is no financial support from the government, Polish consortia are applying for EU funding, 

e.g., Lafarge Polska which applied for funding from the EU Innovation Fund for its cement production 

facility to capture and transport 1 Mt liquid CO2 by ship to storage in the North Sea (called 

GO4ECOPLANET project), and the Poland-EU CCS Interconnector, a PCI supported by a consortium of 

PKN Orlen, Lafarge Polska, and Air Liquide Polska.7
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1 https://www.gov.pl/web/climate/energy-policy-of-poland-until-1040-epp1040

2 90% of CO2 storage possibilities in Poland are onshore, in saline aquifers, see IEA.   3 Wysokie napiecie 4 IEA (2022): 

Poland energy report, sip.lex.pl  5 Cire.pl    6 IEA (2022): Poland energy report 7 Parkiet.com; Wysokie napiecie
Belchatow power plant; Source: Wiki Commons 

https://www.gov.pl/web/climate/energy-policy-of-poland-until-2040-epp2040
https://iea.blob.core.windows.net/assets/b9ea5a7d-3e41-4318-a69e-f7d456ebb118/Poland2022.pdf
https://wysokienapiecie.pl/91811-wyscig-do-zlapania-CO2-ruszyl-na-dobre-polska-stawia-pierwsze-kroki/
https://iea.blob.core.windows.net/assets/b9ea5a7d-3e41-4318-a69e-f7d456ebb118/Poland2022.pdf
https://iea.blob.core.windows.net/assets/b9ea5a7d-3e41-4318-a69e-f7d456ebb118/Poland2022.pdf
https://sip.lex.pl/akty-prawne/dzienniki-resortowe/powolanie-zespolu-do-spraw-rozwoju-technologii-wychwytu-skladowania-i-35917617
https://sip.lex.pl/akty-prawne/dzienniki-resortowe/powolanie-zespolu-do-spraw-rozwoju-technologii-wychwytu-skladowania-i-35917617
https://iea.blob.core.windows.net/assets/b9ea5a7d-3e41-4318-a69e-f7d456ebb118/Poland2022.pdf
https://www.parkiet.com/analizy-rynkowe/art38125671-nowa-szansa-dla-technologii-zmniejszajacej-emisje-co2
https://wysokienapiecie.pl/91811-wyscig-do-zlapania-co2-ruszyl-na-dobre-polska-stawia-pierwsze-kroki/
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A.2 Regulatory aspects –
Czechia

Political context and legal framework

• Climate Protection Policy of the Czech Republic was adopted by the Czech government in March 2017 

and replaced former National Programme to Abate the Climate Change Impacts in the Czech Republic. It 

defines the main national climate objectives to ensure the fulfilment of the greenhouse gas emission 

reduction objectives in order to reach international commitments of the Czech Republic. 

• The policy covers a period from 2017 to 2030 and should be updated in 2023. The emission reduction 

targets are -44 Mt CO2 eq (-30%) compared to 2005 until 2030.1

• Geological storage is allowed in Czechia. 

Projects

• REPP-CO2 is a Czech-Norwegian research project focusing on the devleopment of technologies for 

geologic sequestration of CO2 in Czechia. It aims to verify the feasibility of geological sequestration in 

Czechia. It is developed by a consortium of 9 organisations and is supported by Norway Grants.2
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1 Ministry of the Environment of the Czech Republic 2 REPP-CO2 3 

Prunerov Power Plant

https://www.mzp.cz/en/climate_policy_of_the_czech_republic
http://www.geology.cz/repp-co2/english
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A.2 Regulatory aspects – EU 
level

Regulatory framework on EU level

• The EU regards carbon capture and storage to be an important part of the EU’s decarbonization effort. The  

Directive 1009/31/EC ( the “EU CCS directive”) lays out the rules regarding storage and transportation of 

CO2 in the EU, which needed to be translated into national laws by each member state. As regards CCU, 

the technology is regulated in Directive (EU) 1018/1001 on the promotion of the use of energy from 

renewable sources, which promotes renewable fuels of non-biological origin, and among others, fuels 

produced from captured CO2.

CCUS is accounted for in other European legislation:

• EU Hydrogen Strategy acknowledges the role of carbon capture in the production of low carbon (blue) 

hydrogen

• The public consultation on an Industrial carbon management strategy aims at assessing what roles 

CCUS technologies can play in decarbonising the EU economy and what measures are needed to 

optimise their potential, including the deployment of EU-wide CO2 transport and storage infrastructure.

• Under the EU Emissions Trading System (EU ETS), provisions on CCS are subject to storage being 

carried out in accordance with the EU CCS Directive, which only regulates storage within the EU and the 

European Economic Area (EEA). If CO2 is stored in the EU and the EEA in accordance with the directive, 

the emitted CO2 will be considered as “not having been emitted” under the ETS, and industrial point-

source emitters can subtract the captured emissions from their compliance obligations. 

• The EU Taxonomy is a classification systems defining economic activity as sustainable, aiming to direct 

investment towards sustainable, green activities. It sets carbon intensity thresholds for cement, steel, 

chemicals, hydrogen and natural gas. Thereby, CCUS could become attractive to investors if a project 

developers can demonstrate that CCUS deployment can reduce an activity’s carbon intensity below the 

taxonomy’s threshold. 

• The REFuelEU Aviation Initiative is one of the main initiatives for the development of sustainable aviation 

fuels (SAF) in Europe. While low-carbon fuel based on blue hydrogen does not qualify as SAF, carbon 

capture can be used to produce Renewable Fuels of Non-Biological Origin (RFNBOs) from captured CO2 

in combination with green hydrogen, which qualify as SAF. 

Regulatory support on EU level

There are several support mechanisms available at the EU level:

• Innovation Fund: The Innovation Fund is one of the world’s largest funding programmes for the 

demonstration of innovative low-carbon technologies. A considerable share of projects awarded over the 

past years has been for CCUS technology. Including capture, transportation and storage – 11 CCUS 

projects have been awarded 1.5 billion Euro under the fund. For the current funding round, there are 3 

billion Euros available with a particular focus on CCUS projects1; the awarded projects will be known in Q4 

2023. 

• Horizon Europe: Horizon Europe is the EU’s key funding programme for research and innovation with a 

budget of 95.5 billion Euro. Under the Horizon Europe Cluster 5 (Climate, Energy, and Mobility), the 

Commission supports developing and improving existing CO2 capture technologies; under Cluster 6 

(Digital, Industry, and Space), CCUS is addressed in relation to industrial symbiosis and circularity.

• Projects of Common Interest: Projects of common interest (PCIs) are cross-border infrastructure projects 

which have been identified as key for energy markets and market integration. CO2 infrastructure projects 

can apply to become PCIs and apply for support under the Connecting Europe Facility. By 2021, the CEF 

co-financed studies for PCI on CO2 amounting to 143.9 million Euro. 

• Other support: Through State Aid rules, the EU enables member states to support CCUS technologies 

through state aid under certain conditions. The Commission also established the CCUS Forum as a 

stakeholder consultation platform to bring together various stakeholders in order to facilitate CCUS 

technology deployment. 
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1 https://www.upstreamonline.com/energy-transition/european-union-to-provide-3-billion-in-funding-to-help-ccs-projects/1-1-1343319
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A.2 Regulatory aspects – EU 
CCS Directive

• Directive 2009/31/EC on the geological storage of carbon dioxide (the EU CCS Directive) is the 

legal framework that  has been established to enable the safe storage of CO2 in any EU 

member state. 

• By October 2013, all EU Member States (MS) notified the EC that the CCS Directive had been 

transposed into local laws and regulation. Some MS, such as Finland, Luxembourg and the 

Brussels Region of Belgium, reported a decision not to allow CO2 storage on their territory or 

part of it. Some other MS have also not allowed geological storage of CO2, e.g., Austria, 

Estonia, Ireland, Latvia, Slovenia, Sweden, or have restricted it in some way, e.g., Czech 

Republic and Germany. 

• The  Directive outlines extensive requirements for selecting CO2 storage sites. A site can only 

be selected if a prior analysis shows that, under the proposed conditions of use, there is no 

significant risk of leakage or damage to human health or the environment. No geological 

storage of CO2 is possible without a storage permit having been issued. 

• The directive also makes some provisions for CO2 transport. 

• CO2 that is captured, transported, and stored according to the Directive is not considered as 

emitted under the ETS. Therefore, the economics for many European CCS projects are based 

on the avoidance of costs associated with EU allowances. 

• The Commission, supported by DNV; is currently reviewing the CCS Directive’s implementation 

guidance documents to address the latest technical and market developments. 

CO2 storage liability

• The directive covers the closure and post closure obligations and sets out the criteria for 

transferring responsibility from the operator to the Member State. 

• The directive specifies that storage liability will transfer to Governments no less than 20 years 

after closure. 

• The operator must establish financial security before CO2 injection begins to ensure that the 

requirements of the CCS Directive and Emissions Trading Directive can be satisfied. In case of 

leakage, operators covered by the ETS must surrender emission allowances for any resulting 

emissions.

What is CO2 storage liability? 

• Once injected it is anticipated that CO2 will remain stored underground in perpetuity. 

• Provided that a CO2 storage site has been developed correctly the risk of CO2 leakage 

remains incredibly small. Notwithstanding this can be a high impact risk  having significant 

technical and commercial implications. 

• During  injection and post closure there remains a possibility that leakage can occur and 

thereby there is a liability that must be allocated appropriately. 

• Typically, throughout operation this liability is borne by the operator of the storage site, though 

there are a variety of commercial models emerging. 

• Ultimately liability associated with stored CO2 must at some point transfer to national 

Governments

Can the 20-year liability transfer period be reduced? 

• Ultimately this depends on the transposition of the EU CCS directive into national laws. 

• DNV has recently supported the EU in updating 4 guidance documents regarding the EU CCS 

Directive. Document 3 specifies Criteria for Transfer of Responsibility to the Competent 

Authority.1

• Article 18.1(b) of the Directive states that the post-closure pre-transfer phase should be at least 

20 years, unless the CA is convinced that all available evidence indicates that the stored CO2 

will be completely and permanently contained before the end of that period. 

• To facilitate a possible handover prior to the end of a 20-year period following closure, it is 

suggested that the operator specify in the post-closure plan quantitative key performance 

indicators used to measure compliance with the criteria for transfer. These indicators should be 

discussed and agreed with the Competent Authority. 

• The quantitative key performance indicators should be based on the site-specific context, 

consider the evolution of containment risk over time, and the effect of modelling and monitoring 

during project life on constraining the forecast bounds of any residual leakage risk. 
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A.2 Anticipated regulatory 
developments – EU

• In March 2023, the European Commission introduced a package of legislative and regulatory 

proposals in the context of the EU Green Deal Industrial Plan aimed at establishing a simplified 

and predictable regulatory environment for net zero technologies and thereby an improved 

investment environment. The proposal was set out to respond to the US Inflation Reduction Act 

(IRA), which has transformed the investment landscape in the US. 

• The Net Zero Industry Act (NZIA) could be a major change in the EU’s approach to CCUS 

and, if adopted, become a major driving force for CCUS. CCUS is listed as one of the key 

decarbonization technologies in the document and several proposals could enable CCS 

deployment and particularly target the development of CO2 storage sites, a potential bottleneck 

for future CCS deployment. 

• Key proposals outlined in the current text include: 

• CCUS as key technology should benefit from regulatory benefits at MS level, e.g., 

accelerated permitting

• A legally binding, annual injection target of at least 50 Mt of CO2 into storage sites located 

in the EU, its exclusive economic zones or on its continental shelf by 2030. This should be 

achieved by a direct legal obligation for fossil fuel companies which have produced oil and 

gas in the EU between 2020-2023 to collectively invest to achieve the annual storage 

capacity of 50 Mt of CO2.1 The territorial limitation means that large storage facilities in 

Norway or the UK might not be covered by the proposal, although Norway might be covered 

at a later stage, when the regulation is applied to the EEA

• Requirements for MS to publish “areas where CO2 storage sites can be permitted on their 

territory” to enable the creation of an EU CO2 Storage Atlas.2 They must also provide an 

update to the Commission on the status of CCS project developments and CCS supporting 

measures in the MS
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1 Companies need to invest according to their share in oil and gas production. If a company had produced 10% of oil and gas in the 

EU in 2020-2023, it would need to ensure investment in 5 Mt of CO2 storage capacity by 2030. 2 Three months after entry into force 

member states must make publicly available data indicating where CO2 storage will be permitted and require licensees of oil and gas 

production sites to make available all subsurface data related to decommissioned sites or those where decommissioning has been 

notified. 
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A3. CBA methodology  

Calculation of tariff income from CO2 imports and storage

• For an infrastructure project to be economically viable, the future 

income from tariffs (payments related to the usage of that infrastructure) 

needs to at least cover the costs of the infrastructure projects

• To calculate that minimum necessary tariff, we calculate the net present 

value of the lifetime costs (i.e., the net present costs, NPC) of the 

infrastructure asset. This includes the initial investment costs, capex, 

and the subsequent opex of the infrastructure component. 

• This NPC is equated with the net present value of the sum of all future 

tariff incomes. The formula below illustrates this. In this formula, we 

need to solve for the tariff T, if the tariff does not change over time:

• 𝑁𝑃𝐶 = 𝑁𝑃𝑉𝑓𝑢𝑡𝑢𝑟𝑒 𝑡𝑎𝑟𝑖𝑓𝑓 𝑖𝑛𝑐𝑜𝑚𝑒 = σ𝑘=1
25 1

1+𝑟 𝑘 ∗ 𝑇𝑘 ∗ 𝑇𝑃𝐴𝑘

• The tariff T is hence the minimum tariff necessary to make the 

infrastructure investment economically viable. On top of the tariff, a 

mark-up or margin could be added. We decided to keep the margin at 

0% to arrive at a conservative estimate. 

A3. Interest rates sensitivity

Interest rates sensitivity

• The table below provides interest rate sensitivities for our baseline 

interest rates of 6% for EOO and 3.5% for BAJ

• For both scenarios, we add 1 percentage point to the interest rate and 

run the cost benefit analysis with 7% and 4.5% for EOO and BAJ 

respectively

• The sensitivities do not change the outcome of the CBA – the BAJ NZP 

still provides the highest net present value to Denmark
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NPV (Mio 

EUR, in 2022 

EUR)

EOO 

(6%)

EOO 

(3.5%)

EOO 

(7%)

BAJ –

CP 

(3.5%)

BAJ –

CP 

(4.5%)

BAJ –

NZP 

(3.5%)

BAJ –

NZP 

(4.5%)

Costs
8,311 10,202 7,734 11,612 10,754 12,377 11,492

Benefits
10,689 13,808 9,743 16,225 14,624 21,636 19,684

Total NPV
2,378 3,606 2,009 4,613 3,870 9,259 8,192
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