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1 Executive Summary (restricted) 
 
From April to December 2012 a project team consisting of the CATO- 2 (TNO, ECOFYS) and the  
Rotterdam Climate Initiative (RCI) evaluated the economics of alternative transport and storage 
options in the North Sea on the basis of common user infrastructure.  
The primary objective of this project was to provide a “planning tool”  to form a common view of the 
economics and financial risks (e.g. oversizing of pipelines, governmental subsidies) of a set of CO2 

transport and offshore storage initiatives supporting the first large-scale demonstration and early 
commercial scale projects in Rotterdam and Eemshaven on a shared basis, as well as possible 
financing structures for each. This will provide a basis for engaging with potential participants in a 
CCS network and with government and other key stakeholders on formulating a national or regional 
plan to address these complex issues. 
This report considered the analysis of 29 Transport & Storage scenarios likely to support capture 
projects in the Rotterdam and the Eemshaven (North Netherlands) in the short (2015+) to medium 
term. These were based on two storage sites in the Dutch Continental Shelf (P18/P15 depleted gas 
field and Q1 aquifer) and an EOR opportunity in Denmark (Dan Oilfield).  
The most important conclusions applicable to all options were that: (a) Shared, oversized pipelines 
can be cost effective as long as they are used near or at capacity in the (near) future. Efficient 
utilisation of the infrastructure requires the coordination of earlier CO2 capture projects and/or some 
visibility that a demo project can transition to full scale project. (b) Storage costs are significantly 
reduced when CO2 is injected close to the individual reservoir’s maximum injectivity rates and 
therefore minimizing the operating period. 
The Independent CO2 Storage Assessment completed in 2011 identified the most promising long term 
storage sites on the Dutch Continental Shelf and highlighted a need for further feasibility work to verify 
the capacity and ensure the availability of these sites. Next steps needed between the government 
and potential operators are better understand the storage capacity elsewhere in the North Sea, 
including saline formation to ensure smooth transition from demonstration to commercial deployment 
of CCS. Furthermore an appropriate regulatory framework that will treat storage as an “asset”, 
including end of life policies for producing hydrocarbon field and “storage ready” certification. 
The study also pointed out the risk of oversizing transport networks for the first mover projects in the 
short terms with operational benefits of oversizing expected in the long term. To overcome this hurdle 
the government has to develop appropriate incentives for early mover projects.  
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2 Applicable/Reference documents and Abbreviations 
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(Applicable Documents, including their version, are the “legal” basis to the work performed) 
 Title  Doc nr  Version  
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AD-01f Besluit wijziging project CATO2b FES1003AQ1FU 2010.09.21 
AD-02a Consortium Agreement CATO-2-CA 2009.09.07 
AD-02b CATO-2 Consortium Agreement CATO-2-CA 2010.09.09 
AD-03g Program Plan 2013b CATO2-WP0.A-D03  2013.04.01 
    
 

2.2 Reference Documents 
(Reference Documents are referred to in the document) 
 Title  Doc nr  Version  
RD-01    
    
    
 

2.3 Abbreviations 
(this refers to abbreviations used in this document) 
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3 Introduction 

From April to December 2012 a project team consisting of the CATO- 2 (TNO, ECOFYS) and the  
Rotterdam Climate Initiative (RCI) evaluated the economics of alternative transport and storage 
options in the North Sea on the basis of common user infrastructure.  
CATO-2 is the Dutch scientific program on CCS, coordinated by TNO. The CATO-2 program 
incorporates expertise from a large number of organisations, including ECOFYS.  The Rotterdam 
Climate Initiative (RCI) was established in 2007 as collaboration between the City of Rotterdam, the 
Rotterdam Port Authority, the DCMR Environmental Protection Agency and Deltalinqs, with a mission 
to reduce CO2 emissions to 50% of 1990 levels by 2025. 
The project team described above was guided by a steering group of companies  with the most 
advanced plans for Carbon Capture and Storage (CCS) in the Netherlands. 
This report outlines the project parameters, analytical approach, key findings and proposed next steps 
towards optimised, shared transport & storage infrastructure in the North Sea region. 
 

3.1 Project Rationale 

CCS has been identified as an important technology to achieve the ambitious emissions targets and 
low-carbon industrial growth plans in the Netherlands. 
A number of large-scale demonstration projects and industry-led initiatives in the Rotterdam region 
are advancing. With the support of the RCI, CCS demonstration projects in the Rotterdam area are 
progressing towards a common user CO2 transport and storage concept that would see significant 
oversized infrastructure being developed as part of the solution. This is behind the belief that 
commercial deployment of CCS on a network basis would result in lower costs due to economies of 
scale, lower system redundancy and accelerated investment in capture facilities from the availability 
of established CO2 offtake infrastructure.  
 
These and other near term projects in other regions, however, are faced with urgent decisions on the 
design and technical specifications of their CO2 offtake infrastructure. The key challenges for anchor 
projects in a network concept are the ability to reconcile  higher incremental investment costs in the 
short term with operational benefits envisaged in the long term, as well as establishing appropriate 
commercial structures to support future users. There is, therefore, potential for misalignment of CCS 
projects currently under development relative to the requirement of future network systems.  
 
The only way to address these challenges is through dialogue and cooperation between different 
stakeholders, including government and companies that may be natural competitors in their core 
business.  In recognition of their shared interests in the development of CCS in the Netherlands, a 
group of major emitters with the most progressed plans to pursue CCS in the near term have formed 
an emitter Steering Group with a view to collectively evaluate and address common issues. The 
Steering Group (SG) was comprised by E.ON, Electrabel, Air Liquide, Shell, Air Products and Essent 
(RWE), coordinated by the RCI and supported by Stichting Borg (on behalf of the North Netherlands) 
and the Clinton Climate Initiative (CCI).  
 
Over the course of 2010 and 2011, the SG participated in the Independent Storage Assessment (ISA) 
to identify appropriate CO2 storage sites in the Dutch North Sea, resulting in a more comprehensive 
set of geological and technical cost data on depleted hydrocarbon fields and aquifers as well as 
detailed feasibility studies for the most promising near term sites. Building on the success of the ISA, 
the Steering Group has continued its collaboration to identify, articulate and evaluate the complex 
business case issues surrounding the development of a shared CO2 transport and storage 
infrastructure in the medium and longer term. In early 2012, it identified the need for an analytical 
framework to support the necessary dialogue with one another, with transport and storage operators 
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and government on the costs and risks of pursuing alternative CO2 offtake pathways and the impact of 
near term technical and design decisions on those issues.  
 
The resulting analysis was completed in two phases. Phase 1, which is the subject of this report, 
focused on offshore storage locations in the Dutch Continental Shelf and an EOR opportunity in 
Denmark most likely to support capture projects in the Netherlands in the short to medium term. 
Phase 2, considered potential storage sites in the UK, Dutch and Norwegian North Sea in support of 
capture projects in the Netherlands and Antwerp in the medium to longer term. Phase 2 is not subject 
of this report and is presented in a different report. 

3.2 Project Objectives 

The primary objective of this project was to provide the members of the Steering Group a “planning 
tool”, allowing them to form a common view of the economics and financial risks (e.g. oversizing of 
pipelines, governmental subsidies) of a set of CO2 transport and offshore storage initiatives supporting 
the first large-scale demonstration and early commercial scale projects in Rotterdam and Eemshaven 
on a shared basis, as well as possible financing structures for each. This will provide a basis for 
engaging with potential participants in a CCS network and with government and other key 
stakeholders on formulating a national or regional plan to address these complex issues.  
 
Specific objectives are to:  
 

� Identify limited set of possible CO2 transport and storage scenarios involving CCS 
developments in Rotterdam, Eemshaven and Antwerp.  

 
� Produce commonly agreed costs for each scenario and identify key cost drivers and their 

implications for development 
 

� Support Steering Group members intending to apply for funding in the 2nd round of the 
NER300 (opened April 2013) by providing a benchmark on costs and help other members 
maintain positive forward momentum on potential medium-term capture plans 
 

� Identify near term actions to ensure the feasibility and development of an optimal, shared 
transport and storage network for emitters in the Netherlands and Belgium 
 

� Use the results of the analysis as a platform for dialogue with key stakeholders (including 
government and operators) as a means to quantify arguments independent of the interests of 
any single company 
 

� Develop a publicly available financial model for use by other companies and regions 
considering CCS projects as a reference for possible tariff and financing structures. If needed 
own cost data can be used 

3.3 Project Stakeholders, Responsibilities & Fundin g 

The project required the coordinated engagement of a number of different parties and was organised 
on a similar basis to the Independent Storage Assessment. In short, the Project Team led by the RCI 
and consisting of CCI, TNO Geosciences (TNO) and ECOFYS, was responsible for developing the 
analytical framework and delivering the analysis. The Steering Group provided strategic direction and 
input on a continuous basis. In addition, the transport and storage operators relevant to the scenarios 
considered also provided guidance, primarily on technical specifications.   
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Through their participation in CATO-2, the Dutch scientific program for CCS, TNO and ECOFYS 
assembled and reviewed publicly available data on the technical parameters and costs for specific 
infrastructure components of each transport and storage (T&S) scenario. The data was then input into 
ECCO (European Value Chain for CO2), an excel-supported software developed in part by CATO-2 
as a result of collaborative research under the EU 7th Framework Program (FP7) between 2009 and 
2011. The ECCO tool integrates transport engineering and well / reservoir physics to estimate the 
post-tax economics and key performance indicators of CCS value chains, incorporating multiple CO2 

sources and sinks and macro-economic assumptions. For purposes of this project, the ECCO tool 
simply estimated the real, non-inflated capital and operating costs of individual chain units (pipelines, 
ships and storage compartments) over time for each transport and storage option.  
 
CCI incorporated these cost estimates, as well as assumptions relating to project financing and tariff 
structures, into a purpose-built financial model to determine the overall costs and risk/reward profile 
for each T&S scenario. The key outputs of the model include unit costs, tariffs payable by each 
emitter and detailed operator cash flows and financial statements. In addition to the base case 
analysis, a set of sensitivities was also developed to evaluate the impact of specific parameters on 
cost, including the network build-out, utilization rates, financing mix and rates.  
 
The members of the Steering Group and likely transport and storage operators, including the Port of 
Rotterdam and the CINTRA consortium, provided guidance on the scenario design, technical 
parameters and the ECCO tool cost estimates in one-to-one, confidential meetings. 
 
The project was funded (partly in kind) by the RCI, Stichting Borg, Shell and CATO-2 in Phase 1, and 
by the RCI, the Global CCS Institute and the Antwerp Port Authority in Phase 2. An outline of the 
working partners and their responsibilities in this project are provided in Table 3.1 below. 
 
Table 3.1: Project Partners and Responsibilities 

Name Organisation & Rationale Responsibilities 

Project 

Team 

� Deltalinqs, on behalf of the 
Rotterdam Climate 
Initiative (RCI) 

� Clinton Climate Initiative 
(CCI), long standing 
advisor to the RCI 

� TNO Geosciences (TNO)  

� ECOFYS 

� Overall Project coordination  

� Compilation and delivery of Targeted Report and 
associated financial model 

� Dissemination of key findings and coordination of 
knowledge sharing activities   in collaboration with 
Global CCS Institute 

� Data Collection and delivery of cost input to 
financial model 

� Assistance in compilation of report and delivery of 
knowledge sharing workshops 

Steering 
Group 

� E.ON, Electrabel, Air 
Liquide, Shell, Air 
Products, Essent (RWE) 

� Stichting Borg, 
representing the North 
Netherlands  

� Antwerp Port Authority  

� Rationale: The major emitters most committed to 
exploring the commercial implementation of CCS in 
the region and participants in ISA 

� Input and strategic direction to the Delivery Team 

Transport & 
Storage 
Operators 

(Participants) 

� Port of Rotterdam, GdF 
Suez E&P, TAQA, 
CINTRA (VOPAK, 
Anthony Veder, Gasunie, 
Air Liquide), Chevron and 
Stedin 

� Cost and technical data relating to transport and 
storage options under assessment 

� Guidance on reasonable financial and 
contracting/commercial structure assumptions to be 
used in the model 
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More detailed information on the project partners and participants can be found in APPENDIX A: 
Project Team & Project Participants. 

3.4 Key Steps in the Project 

The project was organised in five key steps as follows: 
  

1. Definition of Transport & Storage Scenarios: The Project Team, in close cooperation with the 
Steering Group, determined the medium to long term CO2 capture volumes from the 
Rotterdam area and North Netherlands and identified four storage options in the North Sea 
(P18, P15, Q1 and EOR option – Dan Oil Field) likely to support these projects (Phase 1). 
Once the storage locations were identified, the team developed possible transport routes, 
considering both shipping and pipeline transport modes. This resulted in 29 alternative CO2 

offtake options (Transport & Storage Scenarios or T&S Scenarios), reflecting different 
infrastructure configurations, CO2 volumes and timing assumptions.  

 
2. Data Collection: Once the T&S Scenarios were defined, the project team collected the 

technical input and cost assumptions required by the ECCO tool for the calculation of the 
capital and operating cost timeseries for each infrastructure component (e.g.: pipeline, ship, 
storage compartment). To the extent possible, the data was provided directly by the relevant 
project developers and complemented with publicly available information.  

 
3. Financial Modelling: The financial valuation of each T&S scenario was done using a purpose-

built financial model developed by CCI and incorporating the capital and operating cost 
timeseries produced by the ECCO tool as input. This model provided the “base case” results 
for each T&S scenario, including total and unit costs, indicative transport and storage tariffs 
charged to emitters for using the infrastructure and operator cash flows on an annual basis.   

 
4. Sensitivity Analysis: Building on the results of the financial modelling, the Project Team and 

Steering Group identified the most relevant cost drivers with a view to determine the lowest 
possible cost conditions within the existing set of T&S Scenarios. The cost drivers related 
primarily to CO2 volumes/capture estimates and financing structure assumptions.  

 
5. Knowledge Sharing & Engagement: The results of the modelling (base case and sensitivity 

analysis) were presented to the Steering Group over three Steering Group meetings between 
September and November 2012. In January 2013, the RCI organised a workshop to “hand 
over” the financial model to the Steering Group and determine the near term actions for the 
group, based on the conclusions, implications and strategic questions raised by the analysis.  
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4 Methodology 

4.1 Scenario Definition 

The scope of the analysis in both phases was limited to offshore storage locations and the selection 
of specific sites was driven both by current CCS project developments as well as the results of recent 
screening studies and detailed characterization work on offshore depleting hydrocarbon fields and 
saline formations in the North Sea.  
 
As mentioned in the previous chapter, Phase 1 considered 29 Transport & Storage scenarios likely to 
support capture projects in the Rotterdam and the Eemshaven (North Netherlands) in the short 
(2015+) to medium term. These were based on two storage sites in the Dutch Continental Shelf 
(P18/P15 depleted gas field and Q1 aquifer) and an EOR opportunity in Denmark (Dan Oilfield).  
 
In Phase 2 (not considered in this report), the focus shifted towards the medium (2020+) to long term 
capture projects in the Netherlands and Antwerp and the analysis considers four transboundary 
storage sites in the North Sea. These are the Bunter formation in the Southern North Sea (UK), the 
Captain Sandstone reservoir below Moray Firth (UK), the Utsira formation (Norway) and the Q1 
aquifer (Netherlands). 
 
Figure 4.1: Overview of Phase 1 Storage Locations D utch north Sea 
 

 
 
 
For each of the storage locations, the analysis incorporated a number of CO2 capture scenarios for 
Rotterdam, Eemshaven and Antwerp, varying the total CO2 volumes and timing of individual emitters’ 
participation into the offtake system.  
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In contrast to previous studies, the growth curve of CO2 available for storage was developed based on 
individual emitter members’ medium term plans for CCS, rather than higher level emission reduction 
targets for each region. The CO2 volumes from Antwerp are assumed to be either exported to the 
Netherlands via Rotterdam or delivered directly to a storage location. In addition, the T&S scenarios 
relating to the Norwegian and UK storage sites consider the potential to share some of the CO2 

capacity in the onshore and offshore infrastructure with other emitters in the North Sea rim.  
 
With regards to transport, the analysis considered a combination of onshore and offshore pipeline 
systems and shipping. The choice of transport mode was based primarily on knowledge of existing 
infrastructure and plans already underway in support of the first large scale demonstration projects in 
the Netherlands and the UK. In the case of the offshore routes not yet part of any specific project 
plans, TNO and ECOFYS performed a preliminary screening of the relative costs of pipeline vs. 
shipping to identify the most cost-effective alternative, given the CO2 volumes, life of operations and 
transport distance. In some cases, where the assessment concluded that the cost differences were 
marginal, we chose to model both alternatives.  
In all, Phase 1 resulted in 29 Transport & Storage Scenarios, which are explained in more detail in the 
next chapter. Table 4.2 below provides an overview of all Phase 1 and Phase 2 scenarios. 
 
Table 4.2: Overview of Phase 1 and Phase 2 Transpor t and Storage Scenarios 

 

Storage Type & 
Capacity 

Offshore 
Transport  CO2 Sources Rationale 

P
ha

se
 1

 

P18 / P15 
(NL) 

Dep. Gas 
Field 

~79MtCO2 
Pipeline Rotterdam 

Under consideration by the ROAD 
and Green Hydrogen projects in the 
Netherlands 

Q1 (NL) Aquifer 
~200MtCO2 

Pipeline 
Shipping 

Rotterdam 
Eemshaven 

Most promising medium term site in 
the Dutch Continental Shelf as per 
ISA Phase 3 and EBN/ Gasunie 

Dan Oilfield 
EOR (D) Dep. Oil Field Shipping Rotterdam 

Eemshaven 
Under consideration by the Green 
Hydrogen project in the Netherlands 

P
ha

se
 2

 

Q1 (NL) Aquifer 
~200MtCO2 

Pipeline 
Shipping 

Rotterdam FS 
Eemshaven 

Antwerp 

Most promising medium term site in 
the Dutch Continental Shelf as per 
ISA Phase 3 and EBN/ Gasunie 

South North 
Sea Aquifer 
(UK) 

Aquifer 
[>2000MtCO2] 

Pipeline 
Shipping 

Rotterdam FS 
Antwerp 

Likely storage option for future CCS 
projects in the Yorkshire & Humber 
area  

Captain 
Sandstone 
Aquifer (UK) 

Aquifer 
[>360MtCO2] 

Shipping 
Pipeline 

Rotterdam FS 
Antwerp 

Eemshaven FS 

Identified as one of the most 
promising CO2 storage sites in the 
Northern North Sea by CCS 
stakeholders in Scotland 

Utsira 
Sandstone 
(NO) 

Aquifer 
[>20Gt] Shipping Eemshaven FS 

Currently used for storage of CO2 
separated from natural gas 
produced at the Sleipner field 

4.2 Cost Preparation Approach & Key Assumptions   

With the T&S Scenarios in place, TNO and ECOFYS collected the technical input and cost 
assumptions required by the ECCO tool and provided the capital and operating cost timeseries for 
each infrastructure component of the 29 Transport & Storage Scenarios. This included information on 
the geophysics of a specific storage site, the properties of any existing well or platform infrastructure, 
pipeline routes, compression requirements, ship terminals etc. The costs were broken down into 
capital costs for construction and abandonment as well as fixed and variable operating costs.  
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In addition to the proprietary information with the ECCO tool, the following public data sources were 
used:  

� Phase 3 Independent CO2 Storage Assessment (undertaken by TNO on behalf of the 
Steering Group in 2011. Public version of the report is also available on the Global CCS 
Institute website)  

� Zero Emissions Platform (ZEP) report on storage cost items (summer 2011) 
� TEBODIN, 2009, “Potential for CO2 storage in depleted fields on the Dutch Continental Shelf” 

– cost estimate for offshore facilities 
� EBN-Gasunie, 2010, “CO2 transport-en opslagstrategie” (CO2 transport and storage strategy) 

 
The section that follows outlines the analytical approach and key assumptions by module – storage, 
pipelines and ships – as well as the general macro assumptions affecting all cost estimates.  

4.2.1 ECCO Tool Assumptions Relating to Storage 
 
To develop the cost time series for the storage modules, the CATO-2 team determined both the 
technical parameters of the storage site as well as the cost estimates, based on the CO2 volumes 
injected in each T&S Scenario. Figure 4.3 below outlines the breakdown of technical inputs, capital 
and operating cost assumptions made for each scenario, while  
Table 4.4 provides a value for each.  
 
Figure 4.3: ECCO tool Storage Module Structure (Inp uts & Outputs) 
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Table 4.4: ECCO tool Storage Module CAPEX and OPEX Assumptions 

 Value Reference  

CAPEX 

Conversion of the platform before injection 10.6 €m EBN/Gasunie report (2010) 
EBN/Tebodin report (2008) 

Drilling and completion cost per well  18.53 €m EBN/Gasunie report (2010) 

Abandonment CAPEX (2 years after close in) 15.9 €m RCI-ISA Phase 3 2012 

Compressor CAPEX per unit (maximum 3 units) 1.0 €m RCI-ISA Phase 3 2012 

OPEX 

Fixed OPEX 10.6 €m 
EBN/Gasunie report (2010) 
EBN/Tebodin report (2008) 

Variable - CO2 injection €1.51/tCO2 RCI-ISA Phase 3 2012 
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Variable – Compressor* €0.07-0.13/tCO2 RCI-ISA Phase 3 2012 

Variable - Well Operational Cost 0.3 €m/well/y RCI-ISA Phase 3 2012 
Variable - Workover Cost  
(every 5 years) 0.8 €m/well/y RCI-ISA Phase 3 2012 

Measurement, Monitoring & Verification (MMV)  

MMV during injection 2.83 €m/y ZEP Report 2011 

MMV post injection (Pre-Abandonment)  0.28 €m/y ZEP Report 2011 
* Variable compressor cost depends on the electricity price, which is given in Figure 3.9 and varies between €51-92/MWh. 
 
In addition to the cost items mentioned above, the ECCO tool incorporated the following assumptions:  
 

� The value of drillex (drilling expenditure, i.e. the cost of drilling a new well) is based on the 
EBN/Gasunie report (2010). 

� In this study it is assumed that the oil production platforms of Q1 can be used for CO2 

injection. Mothballing of oil production platforms, from end of oil production until start of CO2 

injection, is not taken into account as a cost item. It is currently unknown when Q1 oil field will 
be at the end of their field life. Furthermore, it is very well possible that at the existing 
platforms tail-end oil will be produced simultaneously with CO2 injection (i.e. oil production 
from a particular reservoir compartment, CO2 injection into a different compartment or EOR), 
obviating the need for mothballing.  

� The physical properties (which are listed in Figure 4.3) of the Q1 aquifer are based on an 
earlier TNO report (Vandeweijer et al, 2011). The storage potential of Q1 is about 200Mton 
and a permeability of approximately 1000mDarcy 

4.2.2 ECCO Tool Assumptions Relating to Transport ( Pipelines and Ships) 
 
With regards to transport costs, the main difference between the ship and pipeline modules lies in the 
split of costs between capital and operating expenditure. Typically, capital investments for the ship 
transport value chain are lower than for equivalent pipelines, while operational costs are higher. The 
two transport modes also perform differently depending on the transport distance and volume. 
Pipeline costs increased considerably with transport distance, while ship transport costs are less 
sensitive to this variable. Ships can be more cost efficient at long distances, smaller volumes and 
shorter operational timeframes (e.g.: smaller storage reservoirs) or intermittent CO2 supply. 
 
Although these are general trends, the case specific costs of the infrastructure depend strongly on the 
cost assumptions. It is thus important to review these assumptions to allow for proper interpretation of 
the final results. In this section we present some general assumptions made for both transport modes, 
followed by a more detailed description of the cost assumptions for each module.  

4.2.2.1 General Transport Module Assumptions 
 
� All scenarios assume new built infrastructure only; no existing infrastructure is used for CO2 

transport 
� Construction period assumed to be one year prior to operations 
� CAPEX calculations are based on Reserved Capacity, while OPEX is based on throughput CO2 

volumes 
� Compression of CO2 from power plants is assumed to take place on site of the emitter 
� For industrial emitters, compression is performed in a centralized “hub” (as part of transport, with 

costs shared across users) 
� In shipping to storage, shipping costs include loading and unloading terminals and intermediate 

storage facilities 
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� Minimum capacity of a sea-going vessel is assumed to be 30,000m3 (approximately 4.5MtCO2/yr 
per ship in the North Sea) 

4.2.2.2 Pipeline 
 
Pipeline transport costs are determined by the following key cost factors:  
 

� Pipeline routing: determines the length of the pipeline and whether it is routed onshore or 
offshore; 

� Diameter, material and wall thickness: depending on the volume to be transported and the 
required pressure the model calculates the optimal diameter and wall thickness to secure safe 
operation;  

� Terrain covered by pipeline: Terrain factors are used to allow for cost inflation due to complex 
terrain conditions. Heavy industrialised and densely populated areas have typical higher 
capital investments for pipelines. Costs increase in heavily urbanized areas because of 
accessibility to construction and additional required safety measures. Complex terrain 
conditions like hilly areas and soggy or unstable soil may also increase the investment costs 
considerably; 

� Art works, crossings and any umbilical control: specific cost factors are included for land fall 
and for art works if a pipeline crosses existing infrastructure. The amount and type of art 
works can be varied by the user.  Costs for art works can go up to €4-8 million per artwork. 
Cost of land fall (onshore to offshore crossing or vice versa) also significantly adds to the total 
capital investments at about €7 million per crossing. The crossing of waterways/shipping 
lanes is also included.   

 
Based on these variables the model calculates the capital investments and the annual operation and 
maintenance cost broken down into the following line items: 

� Material costs (steel cost): the diameter and wall thickness determine the amount of steel 
used which together with a steel price yields steel costs; 

� Labour cost (installation costs); 
� Construction costs (material/equipment costs and installation costs); 
� Other costs: e.g. design and engineering, project management, regulatory filing fees, 

insurance costs, and right-of-way costs are assumed to be covered within a fixed cost factor 
per km pipeline; 

� Art works, crossings and any umbilical control; 
� Offshore capital includes specific requirements for offshore pipelines: capital costs cover 

platform tie in, shallow installation, heavy lift, dredging, marine survey, transportation, 
umbilicals and additional material requirements (coating/concrete). The costs are included as 
one cost factor amounting to €0.95m/km. An exception is the offshore platform tie-in which is 
specified as a length-independent capital investment of €16 million; 

� Operation and maintenance costs (monitoring, operation, maintenance): the O&M costs are 
broken down into fixed costs and variable costs. The fixed costs are expressed as an annual 
% of capital investments (0.25%) which should be added to variable cost of €0.3/tCO2. 

 
 
 
 
 
 
 
Figure 4.5: ECCO tool Pipeline Module Structure (In puts & Outputs) 
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Table 4.6: ECCO tool Pipeline Module CAPEX and OPEX  Assumptions 
 Value Reference 

CAPEX 

Materials –steel  

L=Length 
t=wall thickness 
D= pipeline diameter (outer) 
ρ = steel density (7850 kg/m3) 
Pr =steel price (600 €/tCO2) 

Labour 0.120 €m /km ECCO 2011 

Overheads 0.102 €m /km ECCO 2011 

Offshore Capital 0.95 €m /km 
ECCO 2011, adapted based on 
NOGEPA 2008/2009 

Offshore infrastructure  crossing 4-8 €m NOGEPA 2008/2009 

Offshore waterway crossing 11-16 €m NOGEPA 2008/2009 

Land fall 7 €m NOGEPA 2008/2009 

OPEX 

Fixed OPEX 0.25% of CAPEX ZEP 2011;ECCO 2011 

Variable OPEX 0.29 €/tCO2 ZEP 2011; ECCO 2011 

 
The model uses a terrain factor to inflate capital investments, as published in ECCO 2011. Special 
assumptions have been made for the onshore pipelines that route through the industrialized 
Rotterdam area. The terrain factor for the Rotterdam area has been adjusted to 4, which results in 
cost inflation of the pipeline capital investments for labour and overheads by a factor of 4 (see Figure 
4.5). Compression capital and energy costs are excluded.  
The unit costs (€/tCO2) for pipeline transport as calculated by the ECCO tool were also independently 
validated using a model developed by the University of Utrecht. The differences between the two 
models were marginal and the ECCO tool figures are assumed to be reasonable.  

4.2.2.3 Ship  
 
Ship transport of CO2 requires different infrastructure regarding the preparation (compression and 
liquefaction) loading and unloading (including intermediate storage) of CO2, relative to pipelines. As 
mentioned earlier, ship transport also has a different cost structure (capital and operating cost) 
compared to pipeline transport, with the most important elements of the ship value chain being 
liquefaction and gas conditioning, intermediate storage and loading, ship transport and 
offshore/onshore unloading (in- or excluding intermediate storage).  
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Costs of a ship based system comprise investment costs for liquefaction, intermediate storage, ship 
loading and unloading system. Further costs are for operation (e.g. labour, ship fuel costs, energy 
costs, harbour fees) and maintenance. Important variables that influence the specific transport cost 
are the distance from source (harbour) to sink (or harbour), site specific injection characteristics, 
transported volume & ship capacity. In this study, shipping economics are broken down into capital 
investments (liquefaction, loading and discharge terminal with optional intermediate storage) and 
operation and maintenance cost (ship lease cost, fixed and variable liquefaction cost, shipping fuel 
cost, port fees, CO2 processing cost and fixed OPEX for loading, unloading and intermediate storage). 
The cost items are discussed in more detail in Table 4.8 below. 
 
Figure 4.7: ECCO tool Ship Module Structure (Inputs  & Outputs) 

CAPEX Timeseries

ECCO Tool 
SHIP

Module

OPEX Timeseries

Liquefaction

Loading & Intermediate 
Storage

Unloading & Intermediate 
Storage

Design Flow 
Capacity

Ship Capacity
Utilisation Factor / 

Oversizing
Allowance

Number of  Ships

Buffer CapacityRoute Length
Ship Speed, 
Loading & 

Unloading Speed 

CO2 Properties & 
Ambient 

Temperature

Legend

Technical Input

CAPEX Inputs

OPEX Inputs

Output

Ship Lease

Shipping

Liquefaction (Fixed OPEX)

Port Fees

CO2 Processing (Liquefaction, 
Re-heating, Pumping

 
 
Table 4.8: ECCO tool Ship Module CAPEX and OPEX Ass umptions 

 Value Reference 

CAPEX 

Liquefaction (excluding compression) 2-11 €m ECCO 2011; updated based on 
SC 2012   

Loading terminal 3-24 €m ECCO 2011; updated based on 
SC 2012 

Discharge terminal* 12-30 €m 
ECCO 2011; updated based on 
SC 2012; Nardon 2010 

Discharge intermediate storage 12 €m SC 2012 

OPEX 

Ship(s) lease: barge / see going vessel 5/15 €m/y (6000 m3 / 30000m3) ECCO 
2011 updated  

Shipping fuel:  barge / see going vessel** 
53/97 MJ/ tCO2 

0.11-0.17 €/ tCO2/ 
0.20-0.31 €/ tCO2 

ECCO 2011 updated with 
Nardon 2011 and SC 2012 

Liquefaction fixed O&M 5% of Cap. invest  ECCO 2011 

Port fees 1.3 € /tCO2 Nardon 2011 

CO2 processing (liquefaction, reheating, pumping) 162 MJ/tCO2 

0.34-0.53 €/ tCO2 
ECCO 2011  

*Discharge terminal is only included in the case of inland transport and when transporting to Q1 storage reservoir.  
**Assumes the energy content of Fuel oil is 41Gj and the price varies between €85.7-133.08 per ton 
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The ranges  in the cost in Table 4.8 depends on the size of  the terminal needed for the particular CO2 streams 
in the scenario. Also the uses of barges and see going vessel influence the CAPEX and OPEX of the shipping 
module. 

4.2.2.4 Liquefaction  
 
The optimum CO2 phase for shipping is found to be the liquid phase in which the density is sufficiently 
high and the transport conditions could be maintained constant without requiring too costly materials 
and insulations. The most likely options that remain are the fully pressurized vessels and the semi-
pressurized/semi-refrigerated vessels in which the CO2 is transported at approximately minus 55°C 
and 6.5 bars. Ship transport requires the energy intensive liquefaction of CO2 which entails the 
compression, purification and cooling of the CO2. In the cost estimates the CO2 is assumed to enter 
the liquefaction plant already pressurized. The cost of compression is thus not included in the 
presented estimates. The liquefaction cost estimates are presented in Table 4.8.  

4.2.2.5 Loading and discharge terminal & intermedia te storage 
 
The capital investment for a loading terminal is based on cost estimates for a terminal that can handle 
three barges and one sea vessel. It is assumed that the terminal can accommodate various sizes of 
ships and barges ranging from 5kton to a seagoing vessel of 50kton, with a total simultaneous 
handling capacity of 65kton. The cost of the terminal is approximately €32 million, including loading 
system and infrastructure. In the case of port to port ship transport, the cost of the discharge terminal 
is assumed to be equivalent to the loading terminal. However, in the case of ship transport from port 
to offshore storage site, capital costs for the discharge terminal are assumed to be fixed at €30 million 
(Nardon, 2010). 
 
A key stage of the shipping value chain is intermediate storage as the capture process of carbon 
dioxide is (semi)continuous whereas the cycle of ship transport is a discrete process. Multiple 
intermediate storage tanks would be required depending on the amount and capacity of ships utilized 
in the project or network. Typically the intermediate storage capacity needs to be one and one and 
half times the capacity of the used ship to allow for operational margins (Nardon, 2010).  
 
The optimum capacity of intermediate storage tanks is determined by the cost of high tensile steel 
versus the capacity, as the wall thickness (and thus steel requirement) is proportional to the tank 
diameter and storage pressure. Here we assume a (configuration of) storage tank capacity of 10 kt 
with capital investments of approximately €12 million per tank (source: SC 2012).   

4.2.2.6 Operation and Maintenance 
 
Operation and maintenance cost are dominated by ship leasing cost. The ships leasing cost depends 
on the size of the vessel leased and the number of vessels leased. The number of vessels is 
determined by the distance, transport volume, ship size, utilization factor, load and discharge duration 
and the ship speed. For this project, ECCO tool estimates were adapted, based on feedback with 
certain project developers.  
 
The cost of energy is calculated within the model and energy prices from the central scenario are 
used to calculate the annual OPEX based on actual transported volume. Compression capital and 
energy costs are excluded.  

4.2.3 Key Macroeconomic Assumptions 
 
As part of the ECCO project, a number of macro-economic scenarios were developed to forecast 
future fuel prices, carbon prices, consumer price indices and other variables. These macro scenarios 
are based on assumptions relating to:  
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1. The degree of the influence of EU: the level of action set forth by EU regarding regulations for 
combating climate change. 

2. The degree of globalization: the level of coordinated worldwide efforts against climate change. 
3. Economic growth: global economic changes. 
4. Fuel availability: a combined measure referring to high fuel consumption and low fuel price (‘high’ 

fuel availability means high fuel consumption and/or low fuel price; ‘low’ fuel availability means 
low fuel consumption and/or high fuel price). 

5. The degree of environmental changes: level of CO2 emissions, weather changes, pollution and 
smog, etc. 

 
For each of the five drivers, the ECCO tool estimates the situation in 2040 as well as the pathway 
from 2010 and the particular combination of low or high degree of these drivers determines the overall 
macroeconomic scenario. There are 6 macroeconomic scenarios in total, named “Happy Planet”, “EU 
Stands Alone”, “Weak EU”, “We Told You So”, “Competition” and “New Energy Policy”.  
 
For purposes of this analysis, the ‘Happy Planet’ scenario was assumed, based on the CATO-2 team 
expectation of the future trends. The key indices are presented in Figure 4.9 below.  
 
Figure 4.9: ECCO tool “Happy Planet” Macroeconomic Scenario Indices and Trends 

 
Name Description Unit 
OILCRUDE Crude oil sales price (FOB) USD/bbl 

CO2QUOTA CO2 Quota/CO2 EU Allowance price EUR/tonne 

ELECWS Wholesale Electricity price EUR/MWh 

GASNATURAL Natural Gas sales price at wellhead EUR/MWh 

STEEL Steel price EUR/tonne 

FUELOIL Fuel oil price at fuel station EUR/tonne 

ELECCONS Consumer Electricity price (at place of consumption) EUR/MWh 

FUELOILi Fuel oil price index index 

MODi Money-of-the-day / Nominal index Index 

More information on the ECCO modelling can be found in APPENDIX B: ADDITIONAL 
INFORMATION ON THE ECCO TOOL.  
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4.3 Financial Model   

4.3.1 Basic Structure 
 
The financial valuation of each scenario was done based on a Discounted Cash Flow (DCF) method, 
incorporating the capital and operating cost data provided by the ECCO tool along with assumptions 
on financing structures and some macroeconomic variables.  
 
The model follows a “bottom up” structure in that it integrates the cost projections for each chain unit 
in a scenario, i.e. an individual pipeline, ship or storage compartment, and then aggregates the 
individual chain units into operators. This aggregation is largely a modelling simplification but was 
guided by the ownership arrangements most likely to develop in the Netherlands and the UK in the 
next five years.  
 
The model then estimates the future cash flows of individual operators for the particular Transport & 
Storage scenario (i.e.: a particular set of user emitters, total CO2 volumes, storage option and 
transport mode) on an annual basis, given the total costs and assumptions including the operator’s 
capital structure, weighted average cost of capital (WACC), capital cost depreciation schedule and 
more general macroeconomic indicators.  
 
Finally, using a modified IRR approach, discounting the operator cash flows at WACC, it solves for a 
price or emitter tariff applicable to each CO2 emitter in the scenario. The model allows for two types of 
tariffs, reflecting the fee structure most likely to be applied to CO2 transport and storage:  
 

1. The “availability” tariff is a “take or pay” fee that ensures the capacity in the 
pipeline/ship/storage site for each emitter and should cover the operator’s fixed costs. It is 
calculated based on each emitter’s reserved capacity in each chain unit and would be 
payable regardless of whether any CO2 is ultimately transported or stored 
 

2. The “per tCO2 transported/stored” tariff is calculated based on each emitter’s CO2 throughput 
(i.e.: CO2 volume actually in the system) and is intended to cover the operator’s variable 
costs, such as energy use, compression etc. 

 
The model outputs consider three perspectives, appropriate for different users of the tool:  
 

1. CO2 Emitter: Summary of the tariffs payable by each emitter to each operator, given the CO2 

capture volumes and timing, total infrastructure costs and operator capital structure and target 
returns. Annual, total over the lifetime of the scenario and per ton of CO2 reserved capacity or 
throughput tariffs.  
 

2. Transport and Storage Operators: Separate detailed, financial statements (P&L and Cash 
Flow) for each of the storage, pipeline and shipping operators in the active scenario, showing 
the achieved rate of return. Capital structure assumptions are modelled at this level.  
 

3. Scenario: Total CAPEX and OPEX for each scenario, presented also on a per ton of CO2 

transported or stored basis. 
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Figure 4.10: Basic Structure of the Financial Model  

  

4.3.2 Key Assumptions 

4.3.2.1 General 
 
The model operates on a fully nominal basis and the cash flows are calculated annually. As 
mentioned earlier, the cash flows consider all costs, financial obligations (including debt servicing) 
and revenues for the specific transport and storage operator. The costs relating to CO2 liabilities have 
not been considered in this analysis due to the uncertainties in their final regulation and pricing. 
Positive cash flows are available for distribution to equity investors (assumed to be the operator / 
owner) and therefore in this analysis, the IRR corresponds to the operator’s project return on equity. 
The IRR is calculated using a “modified IRR” approach to take into account differences in the timing of 
the reinvestment periods between scenarios and the WACC relative to target returns.   
 
In the base case, the model assumes a construction period of one year for all types of infrastructure 
(e.g.: pipeline, ship, storage site) and individual chain unit operating lifetimes as specified in each 
scenario by the timing of the user emitters. In the case of storage, the model also allows for 
Monitoring, Measurement and Verification (MMV) during the life of injection and for a user-specified, 
post injection period. Proper abandonment of the storage site post injection is assumed to take place 
over one year and the timing of abandonment is dependent on the post-injection (and pre-
abandonment) MMV duration.  
 
The model assumes a straight-line depreciation method for all capital costs and in the base case, full 
depreciation (i.e.: no salvage value) during the operating life of the specific operator level pipeline, 
ship or storage site. The tax calculation is based on (positive) EBIT and does not take consider any 
losses carried forward or other potential tax incentives. Along with the depreciation treatment, this is 
likely to prove a conservative assumption.  
 
As explained in more detail in the previous chapter, the cost calculations within the ECCO tool take 
into account certain price forecasts, including fuel prices, based on a “happy planet” scenario. The 
basis for all costs is assumed to be year 2011 and all cash flows are inflated (in the financial model) at 
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local Consumer Price Index (CPI). Other macro assumptions used in the analysis include the 
following:  
 
Table 4.11: Summary Other Macro Assumptions 

Inflation Rate 2.5% 

Tax Rate 25% 

Risk Free Rate 1.50% (10 yr Netherlands bond) 
Source: www.tradingeconomics.com; www.taxrates.cc 
 

4.3.2.2 Financing Assumptions 
 
With regards to financing, the model allows users to optimize the cost of finance for each type of 
transport and storage, reflecting differences in individual business models and risk profiles. In the 
base case, it is assumed that there is no government funding and that transport operators are likely to 
secure higher leverage and more favourable overall financing terms than storage operators, as the 
lower risk nature of CO2 transport make pipelines and ships a more conventional proposition for 
private sector investors. The assumptions relating to the amount of leverage each component of the 
chain would be able to source and the cost of capital were arrived at based on CCI’s discussions with 
a number of financial institutions and project sponsors on the conditions for private sector financing of 
large scale integrated CCS projects in Europe and Australia. For simplicity, the model does not take 
into consideration any transaction costs or fees relating to sourcing financing.  
 
Any debt drawn during construction is assumed to be fully repaid within the tenor, with the first 
instalment due in the first year of operations. Finally, during the life of the operations, it is assumed 
that any negative net cash flows will be absorbed by the equity holders (operator owners).  
 
Table 4.12: Base Case Financing Scenarios (All Chai n Units) 
 Pipelines Shipping Storage 

Total Leverage 70% 70% 60% 

Debt Rate 6.00% 6.00% 6.00% 

Debt Tenor 15 years 15 years 15 years 

Return on Equity 
(IRR) 

10.00% 10.00% 13.00% 

WACC 6.15% 6.15% 7.90% 

Source: CCI analysis, based on discussions with financial institutions and project sponsors 

 
 

4.3.2.3 Areas of Flexibility 
 
One of the key objectives of this purpose-built model was to ensure the analysis can be adapted to 
specific projects, for example in support of second round NER300 funding applications, or other 
regions interested in developing a business plan for a CCS network.  
 
To this end, the model has the flexibility to: 
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1. Define separate financing scenarios for each type of operator (i.e.: storage, pipeline, 

shipping), with a choice of financing instruments including debt, equity and government 
funding in the form of a capital grant. In each scenario, the model user can define the mix of 
financing instruments (% debt and equity), the cost of debt (risk free rate plus a premium or 
total rate), the debt tenor (or repayment period) and the target operator return on equity to 
reflect different risk / reward profiles 

 
2. Set alternative tariff structures with fixed and variable elements to reflect different contractual 

arrangements between the operators and individual emitters or the timing of an emitter’s 
participation in the network. Specifically, the model users have the capability to:  

a. Define the proportion of fixed costs intended to be covered by the “availability” tariff 
(in the base case, this is assumed to be 100% of CAPEX) 

b. Define how the reserved capacity is allocated among the emitter users by type of 
operator – either pro rata to each emitter’s CO2 volume contribution to the total 
reserved capacity in each year or over the life of the pipeline, ship or storage site’s 
operations 

c. Determine potential differences in the tariffs applicable to the first mover relative to 
follow on projects 

 
3. Change the allocation of specific chain units to different operators. For each scenario, the 

model can deliver output (financial statements) for up to two geological storage locations, five 
pipeline operators and three shipping operators. 

 
4. Overwrite other pre-set, “base case” assumptions to reflect a specific project or regional 

differences, including the:  
a. Cost inputs (e.g.: total CAPEX and OPEX),  
b. Key macroeconomic assumptions (e.g.: CPI inflation rate, tax rate, sovereign risk free 

rate)  
c. Salvage value of each type of infrastructure (as a % of CAPEX) and the depreciation 

timeframe of the assets for purposes of the depreciation schedule 
d. Other timing assumptions relating to the cost basis, duration of the typical 

construction period for each  type of infrastructure and the post-injection MMV period 
required by the storage operator prior to transferring the CO2 liability to government.   

4.3.3 The Public Model 
 
The public financial model being delivered alongside this report has been built in a similar way to the 
restricted confidential model for use by the Steering Group and the overall structure, and flexibility in 
changing the inputs and setting financing scenarios is the same.  
 
The key difference between the two models is of course the cost data sources. The public model 
incorporates generic, non-sensitive cost data available from the Institute’s Economic Assessment of 
Carbon Capture and Storage Technologies. Using headline cost figures (e.g.: overnight CAPEX, 
annual OPEX), the user is able to define the financing structure for transport and storage and the 
emitter tariff structure to produce user tariffs and operator cash flow details. More importantly, 
however, it is possible to adapt the generic cost inputs in the public model to specific projects for use 
in other regions.  
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5 The International Offtake Case for the Netherland s  

5.1 Overview Phase 1 

 
As mentioned in earlier chapters, the initial phase of the analysis focused on a set of CO2 transport 
and offshore storage initiatives that could realistically support capture projects in Rotterdam and 
[Groningen / the Eemshaven] in the short (2015) to medium term (2020) on a shared basis. It included 
a total of 29 scenarios relating to two offshore storage sites in the Dutch Continental Shelf (P18/P15 
depleted gas field and Q1 aquifer) as well as an EOR opportunity in Denmark (Danfield). 
 
The scenarios were designed to determine the relative cost impact of alternative development 
pathways for each transport and storage option, focusing primarily on the issue of oversizing 
infrastructure and the timing of participation of different emitters in the network. 
 

5.2 P18 offshore storage 

The P18 field consist of three compartments p18-4, p18-2 and p18-6. P18-6 was ignored in the 
modeling as a storage option because of the small capacity (<1Mton CO2). P18-4 and P18-2 were 
modeled as separate compartments by the ECCO Tool. The storage capacity and number of wells 
initial in place are mentioned in Table 5-1. 
 
Table 5-1: Storage Capacity and number of wells ini tial in place of P18 

Field Storage Capacity #  Initial wells  

P18-4 8,0 MtCO2 1 

P18-2 32,5 MtCO2 3 

  
  

Total 40,5 MtCO2 4 

 

5.2.1 Infrastructure Design and Simplified Schemati c Overview  
 
The scenarios modeled to P18 by the ECCO Tool are shown in Table 5-2 . The timing and the 
volumes of the scenarios are in accordance with EEPR and NER300 respectively.  
The CO2 volumes in the Maasvlakte area are collected via an onshore transport by new pipeline 
through the Port of Rotterdam gradually extended from Maasvlakte to all four demo projects which are 
modeled in the scenarios (2.5MtCO2/yr capacity low pressure pipeline). 
A central compressor will bring the CO2 ready for the high pressure offshore transport by new 16” 
pipeline  from Maasvlakte to P18, with effective system capacity of up to 5MtCO2/yr – i.e.: oversized in 
anticipation of numerous future users. Furthermore in scenario 4 the potential for CO2 imports by 
barge/shipping is taken into account, by the addition of a shipping terminal in Maasvlakte. For a 
simplified overview of these scenarios see  
 
 
Figure 5-1. 
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Figure 5-1: P18 only Scenarios -- Simplified Schema tic overview 

 

5.2.2 CO2 Volumes and Timing 
 
Table 5-2: Overview of the P18 only scenarios 1 to 5.  

P18 Only 

# Name Emitter Dest. Start End (MtCO2/yr)  (MtCO2)

1 Rdam Demo Rotterdam demo #1 P18 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #1 P18 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Total jan-15 dec-26 9,5 MtCO2

Rotterdam demo #1 P18 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Total jan-15 dec-29 17,0 MtCO2

Rotterdam demo #1 P18 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18 jan-17 dec-26 0,35 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 P18 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Total jan-15 dec-29 21,0 MtCO2

Rotterdam demo #1 P18 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam FS #1 P18 jan-20 dec-26 4,5 MtCO2/yr 31,5 MtCO2

Total jan-15 dec-26 37,0 MtCO2

Scenario

5
Rotterdam 
Demo followed 
by Rotterdam FS

4

Rotterdam 
Demos + 
Willingen – 
Reinland 
Refinery Imports

3
Rotterdam 
Demos Only

CO2 Volumes

2
Rotterdam 
Demos
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5.2.3 Key Cost Assumptions, Technical Parameters & Resulting Tariffs 
 
Table 5-3: The capex and opex of the transport infr astructure and storage location of scenario 
1 to 5 

S1 Total Costs

(2011 Basis)

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
RTM-P18/P15 Offshore Pipeline 1 21 km 5,0 MtCO2/yr 1,1 MtCO2/yr 6 MtCO2 5 €62m €1m €15,8 /tCO2

Storage (Target RoE 13%)
P18 Storage 1 41 MtCO2 1,1 MtCO2/yr 6 MtCO2 5 €28m €48m €14,1 /tCO2

S1 Cost per 

tCO2 T/Put

S1 Ops 

Life

S1 # 

Users

S1 Total 

T/PutDist.

Max. Infra 

Capacity

S1 Avg 

Annual 

T/Put

 
 

S2 Total Costs

(2011 Basis)

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 1 26 km 7,5 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €44m €18m €23,4 /tCO2
RTM-P18/P15 Offshore Pipeline 2 21 km 5,0 MtCO2/yr 0,8 MtCO2/yr 10 MtCO2 12 €56m €3m €10,1 /tCO2

Storage (Target RoE 13%)
P18 Storage 2 41 MtCO2 0,8 MtCO2/yr 10 MtCO2 12 €58m €112m €16,9 /tCO2

S2 Cost per 

tCO2 T/Put

S2 Ops 

Life

S2 # 

Users

S2 Total 

T/PutDist.

Max. Infra 

Capacity

S2 Avg 

Annual 

T/Put

 
 

S3 Total Costs

(2011 Basis)

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 3 34 km 7,5 MtCO2/yr 0,9 MtCO2/yr 12 MtCO2 13 €49m €38m €11,1 /tCO2
RTM-P18/P15 Offshore Pipeline 4 21 km 5,0 MtCO2/yr 1,1 MtCO2/yr 17 MtCO2 15 €54m €4m €6,0 /tCO2

Storage (Target RoE 13%)
P18 Storage 4 41 MtCO2 1,1 MtCO2/yr 17 MtCO2 15 €73m €140m €14,0 /tCO2

S3 Cost per 

tCO2 T/Put

S3 Ops 

Life

S3 # 

Users

S3 Total 

T/PutDist.

Max. Infra 

Capacity

S3 Avg 

Annual 

T/Put

 
 

S4 Total Costs

(2011 Basis)

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 4 34 km 7,5 MtCO2/yr 1,2 MtCO2/yr 16 MtCO2 13 €49m €46m €9,0 /tCO2
RTM-P18/P15 Offshore Pipeline 5 21 km 5,0 MtCO2/yr 1,4 MtCO2/yr 21 MtCO2 15 €54m €4m €5,0 /tCO2

Storage (Target RoE 13%)
P18 Storage 5 41 MtCO2 1,4 MtCO2/yr 21 MtCO2 15 €73m €132m €11,8 /tCO2

S4 Cost per 

tCO2 T/Put

S4 Ops 

Life

S4 # 

Users

S4 Total 

T/PutDist.

Max. Infra 

Capacity

S4 Avg 

Annual 

T/Put

 
S5 Total Costs

(2011 Basis)

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
RTM-P18/P15 Offshore Pipeline 2 21 km 5,0 MtCO2/yr 3,1 MtCO2/yr 37 MtCO2 12 €56m €4m €3,0 /tCO2

Storage (Target RoE 13%)
P18 Storage 2 41 MtCO2 3,1 MtCO2/yr 37 MtCO2 12 €79m €112m €6,7 /tCO2

S5 Cost per 

tCO2 T/Put

S5 Ops 

Life

S5 # 

Users

S5 Total 

T/PutDist.

Max. Infra 

Capacity

S5 Avg 

Annual 

T/Put

 
Legend table: 
# Users= Number of emitters 

Dist. = Distance of the transport route 

Max. Infra Capacity= Maximum infrastructure capacity 

Annual T/Put= Annual throughput of CO2 

Total T/Put = Total throughput of CO2 

Ops life = Operational life time of particular transport or storage unit 

CAPEX = Capital expenditure 

OPEX = Operational expenditure 

Cost per tCO2 T/put= Cost per ton CO2 throughput 
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5.3 P18 followed by P15 offshore storage 

The P18 field is described in section 5.2. In the scenarios described here the storage option is 
extended with the P15 depleted gas field close to P18. The P15 field consist of several different 
compartments, only the three compartments with the largest storage capacity is modelled in the 
scenarios discussed below. These three compartments are P15-9, P15-11 and P15-13, the storage 
capacity of these fields and number of wells initial in place are given in Table 5-4. 
 
Table 5-4: Storage Capacity and number of wells ini tial in place of P15 

Field Storage Capacity #  Initial wells 

P15-9 11,7 MtCO2 1 

P15-11 17,4 MtCO2 1 

P15-13 9,7 MtCO2 1 

Total 38,8 MtCO2 3 

 

5.3.1 Infrastructure Design and Simplified Schemati c Overview  
 
The CO2 volumes of the emitters are presented in 
Table 5-5, which defines scenario 6 to 8. In the Scenarios 6 to 8 the CO2 from the emitters is first 
stored in P18, followed by the second storage location P15. The total offshore storage capacity of 
scenario 6 to 8 is 79.3 MtCO2.  
An offshore transport pipeline from Maasvlakte to P18 of 16 inch is used (equal to scenario 1 to 5) 
and an extension of this  pipeline from P18 to P15 is considered in the scenarios. In this way a 
transport capacity of up to 5MtCO2/yr is considered to both P18 and P15, which means an oversized 
pipeline in anticipation of numerous of future users. 
The scenarios are designed in such a way that they are comparable to previous scenarios. The 
assumptions of the previous scenarios 1 to 5 are the same. For example the volumes of the emitters, 
the size/distance of the pipelines and the timing of the CO2 volumes is exact the same as in previous 
scenarios.  The design of the scenarios  will show us the following results: By comparison of scenario 
6 to scenario 5 will show the additional cost of extending into P15. In the same way also scenario 7 
compared to scenario 2 will also show the additional cost of extending into P15. Furthermore a 
comparison with scenario 8 will highlight the risks to oversizing the offshore pipeline without the 
expected uptake.  
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Figure 5-2: P18 followed by P15 Scenarios -- Simpli fied Schematic overview 

 
 

5.3.2 CO2 Volumes and Timing 
 
Table 5-5: Overview of the P18 and P15 scenarios 6 to 8. 
P18 Initially followed by extension to P15

# Name Emitter Dest. Start End (MtCO2/yr) (MtCO2)

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-20 dec-35 4,5 MtCO2/yr 72,0 MtCO2
Total jan-15 dec-35 77,5 MtCO2
Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2
Rotterdam FS #1 P18/P15 jan-20 dec-34 4,5 MtCO2/yr 67,5 MtCO2
Total jan-15 dec-34 77,0 MtCO2
Rotterdam demo #1 P18/P15 jan-15 dec-45 1,1 MtCO2/yr 34,1 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-46 0,4 MtCO2/yr 12,0 MtCO2
Rotterdam demo #3 P18/P15 jan-17 dec-46 0,4 MtCO2/yr 10,5 MtCO2
Rotterdam demo #4 P18/P15 jan-20 dec-46 0,4 MtCO2/yr 10,8 MtCO2
Rotterdam demo #5 P18/P15 jan-20 dec-46 0,4 MtCO2/yr 10,8 MtCO2
Total jan-15 dec-46 78,2 MtCO2

Scenario

8

Rotterdam Demos + 
Willingen – Reinland 
Refinery Import 
Extended to P18/P15 
Capacity

7
Rotterdam Demos 
followed by 
Rotterdam FS

CO2 Volumes

6
Rotterdam Demo 
followed by 
Rotterdam FS

 
 

5.3.3 Key Cost Assumptions, Technical Parameters & Resulting Tariffs 
 
Table 5-6: The capex and opex of the transport infr astructure and storage location of scenario 
6 to 8 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
RTM-P18/P15 Offshore Pipeline 2 42 km 5,0 MtCO2/yr 3,7 MtCO2/yr 78 MtCO2 21 €115m €11m €2,7 /tCO2

Storage (Target RoE 13%)
P18 Storage  -  -  -  -  -  -  -  - 
P18/P15 Storage 2 79 MtCO2 3,7 MtCO2/yr 78 MtCO2 21 €215m €355m €7,8 /tCO2

S6 Cost per 

tCO2 T/Put

S6 Total Costs 

(2011 Basis)S6 Ops 

Life

S6 # 

Users

S6 Total 

T/PutDist.

Max. Infra 

Capacity

S6 Avg 

Annual T/Put
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CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 1 26 km 7,5 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €51m €18m €23,4 /tCO2
RTM-P18/P15 Offshore Pipeline 3 42 km 5,0 MtCO2/yr 3,9 MtCO2/yr 77 MtCO2 20 €115m €11m €2,6 /tCO2

Storage (Target RoE 13%)
P18 Storage  -  -  -  -  -  -  -  - 
P18/P15 Storage 3 79 MtCO2 3,9 MtCO2/yr 77 MtCO2 20 €215m €356m €7,9 /tCO2

S7 Cost per 

tCO2 T/Put

S7 Total Costs 

(2011 Basis)S7 Ops 

Life

S7 # 

Users

S7 Total 

T/PutDist.

Max. Infra 

Capacity

S7 Avg 

Annual T/Put

 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 4 34 km 7,5 MtCO2/yr 1,5 MtCO2/yr 44 MtCO2 30 €58m €124m €6,4 /tCO2
RTM-P18/P15 Offshore Pipeline 5 42 km 5,0 MtCO2/yr 2,4 MtCO2/yr 78 MtCO2 32 €115m €14m €3,1 /tCO2

Storage (Target RoE 13%)
P18 Storage  -  -  -  -  -  -  -  - 
P18/P15 Storage 5 79 MtCO2 2,4 MtCO2/yr 78 MtCO2 32 €194m €496m €9,3 /tCO2

S8 Cost per 

tCO2 T/Put

S8 Total Costs 

(2011 Basis)S8 Ops 

Life

S8 # 

Users

S8 Total 

T/PutDist.

Max. Infra 

Capacity

S8 Avg 

Annual T/Put

 
Legend see Table 5-3 

5.4 P18 followed by P15 and the North Sea Aquifer Q 1 

The P18 and P15 are depleted gas fields and shown i n section 5.2 and 5.3. In the scenarios 
described in this section the storage options is ex tended with the Q1 Aquifer (see  
Figure 5-3). In the Q1 oil field is surrounded with this aquifer with an estimated storage capacity of 
200Mt CO2. The oil field has already 5 wells in place, which are assumed in this study to be suitable 
for CO2 injection as well. Therefore this is the most promising medium term storage site in the Dutch 
Continental Shelf, as identified by the Independent Storage Assessment as well as previous studies 
by EBN and Gasunie. The analysis considers two transport concepts for a given CO2 volume, sourced 
from full scale emitters in Rotterdam, demo and full scale emitters in Eemshaven.  
 
Figure 5-3: The location of the Q1 Aquifer 
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5.4.1 Infrastructure Design and Simplified Schemati c Overview  
 
The CO2 volumes of the emitters presented in Table 5-7 are used to construct scenario 9 to 17, which 
are modeled by the ECCOTool. For these medium long term scenarios we assumed that from the 
Rotterdam region first P18 and P15 will be used to store CO2 and after that Q1 will come into the 
scenarios. The Q1 aquifer will be used for full scale transport and storage from the Rotterdam region 
by a newly constructed offshore pipeline with a capacity of 10MtCO2/yr, which is sufficient for the 
transport of the CO2 volumes emitted by two full scale operational powerplants (one powerplant is 
assumed to emit 4.5MtCO2/yr). 
In the North Netherlands the CO2 volumes are directly transported to the Q1 aquifer. In the 
demonstration phase with relatively small volumes the transport is by boat. During the Full scale 
operations the transport is by an offshore pipeline with a capacity of 5MtCO2/yr from the Eemshaven 
to Q1.  
In Scenarios 9 to 12 only the Rotterdam demonstration projects and full scale operation are modelled 
in different configurations. In order to see the added value of the different demonstration projects and 
full scale projects from the Rotterdam region. Comparing these scenarios to example 2 and 8 will 
show the additional cost of extending the infrastructure to Q1.  
In scenarios 11 to 17 the North Netherlands are added into the scenarios. These scenarios will 
highlight the risk of oversizing the offshore pipeline without the expected takeup. Furthermore the cost 
of shipping small amounts of CO2 by ship is quantified. 
 
Figure 5-4: P18 followed by P15 and Q1 Scenarios --  Simplified Schematic overview 

 
 

5.4.2 CO2 Volumes and Timing 
 
 
Table 5-7: Overview of the P18, P15 and Q1 only sce narios 9 to 17  
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P18 Initially followed by extension to P15 and late r route to Q1

# Scenario Emitter Dest. Start End (MtCO2/yr)  (MtCO2)

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-20 dec-35 4,5 MtCO2/yr 72,0 MtCO2

Rotterdam FS #1 Q1 jan-36 dec-59 4,5 MtCO2/yr 108,0 MtCO2

Total jan-15 dec-59 185,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-20 dec-34 4,5 MtCO2/yr 67,5 MtCO2

Rotterdam FS #1 Q1 jan-35 dec-59 4,5 MtCO2/yr 112,5 MtCO2

Total jan-15 dec-59 189,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-20 dec-34 4,5 MtCO2/yr 67,5 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-51 4,5 MtCO2/yr 121,5 MtCO2

Rotterdam FS #1 Q1 jan-35 dec-51 4,5 MtCO2/yr 76,5 MtCO2

Total jan-15 dec-51 275,0 MtCO2

Rotterdam demo #1 jan-15 dec-29 1,1 MtCO2/yr 16,5 MtCO2

Rotterdam demo #2 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-30 dec-39 4,5 MtCO2/yr 45,0 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-53 4,5 MtCO2/yr 130,5 MtCO2

Rotterdam FS #1 Q1 jan-40 dec-53 4,5 MtCO2/yr 63,0 MtCO2

Total jan-15 dec-53 270,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-29 1,1 MtCO2/yr 16,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-30 dec-39 4,5 MtCO2/yr 45,0 MtCO2

North NL demo #1 Q1 jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-53 4,5 MtCO2/yr 130,5 MtCO2

Rotterdam FS #1 Q1 jan-40 dec-53 4,5 MtCO2/yr 63,0 MtCO2

Total jan-15 dec-53 273,0 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-29 1,1 MtCO2/yr 16,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-30 dec-39 4,5 MtCO2/yr 45,0 MtCO2

North NL demo #1 Q1 jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-43 4,5 MtCO2/yr 85,5 MtCO2

North NL FS #1 Q1 jan-25 dec-43 4,5 MtCO2/yr 85,5 MtCO2

Rotterdam FS #1 Q1 jan-40 dec-43 4,5 MtCO2/yr 18,0 MtCO2

Total jan-15 dec-43 268,5 MtCO2

14

RTM &  One NNL 
Demo & W-RR 
refinery imports 
followed by two 
Rotterdam Full 
Scale projects and 
NNL Full Scale 
project (P18/P15/Q1)

13

Rotterdam & one 
NNL Demos & 
Germany Imports 
followed by two 
Rotterdam Full 
Scale projects 
(P18/P15/Q1)

12

Rotterdam Demos & 
German imports 
followed by two 
Rotterdam Full 
Scale Projects 
(P18/P15/Q1)

11

ROAD & Green 
Hydrogen Demos 
followed by EON Full 
Scale & Electrabel 
Full Scale 
(P18/P15/Q1)

10

Two Rotterdam 
Demos followed by 
one Full Scale 
project (P18/P15/Q1)

CO2 Volumes

9

Rotterdam Demo 
followed by Full 
Scale Project 
(P18/P15/Q1)
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Rotterdam demo #1 P18/P15 jan-15 dec-29 1,1 MtCO2/yr 16,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-30 dec-39 4,5 MtCO2/yr 45,0 MtCO2

North NL demo #2 Q1 jan-20 dec-22 0,5 MtCO2/yr 1,5 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-49 4,5 MtCO2/yr 112,5 MtCO2

North NL FS #2 Q1 jan-23 dec-49 1,5 MtCO2/yr 40,5 MtCO2

Rotterdam FS #1 Q1 jan-40 dec-49 4,5 MtCO2/yr 45,0 MtCO2

Total jan-15 dec-49 276,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-29 1,1 MtCO2/yr 16,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-30 dec-39 4,5 MtCO2/yr 45,0 MtCO2

North NL demo #1 Q1 jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2

North NL demo #2 Q1 jan-20 dec-22 0,5 MtCO2/yr 1,5 MtCO2

North NL FS #2 Q1 jan-23 dec-41 1,5 MtCO2/yr 28,5 MtCO2

North NL FS #1 Q1 jan-25 dec-41 4,5 MtCO2/yr 76,5 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-41 4,5 MtCO2/yr 76,5 MtCO2

Rotterdam FS #1 Q1 jan-40 dec-41 4,5 MtCO2/yr 9,0 MtCO2

Total jan-15 dec-41 271,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-64 0,4 MtCO2/yr 19,2 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-64 0,4 MtCO2/yr 16,8 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-64 0,4 MtCO2/yr 18,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-64 0,4 MtCO2/yr 18,0 MtCO2

North NL demo #1 Q1 jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2

Rotterdam FS #1 Q1 jan-20 dec-37 4,5 MtCO2/yr 81,0 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-37 4,5 MtCO2/yr 58,5 MtCO2

North NL FS #1 Q1 jan-25 dec-36 4,5 MtCO2/yr 54,0 MtCO2

Total jan-15 dec-64 273,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-64 0,4 MtCO2/yr 19,2 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-64 0,4 MtCO2/yr 16,8 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-64 0,4 MtCO2/yr 18,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-64 0,4 MtCO2/yr 18,0 MtCO2

North NL demo #1 Q1 jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2

North NL demo #2 Q1 jan-20 dec-22 0,5 MtCO2/yr 1,5 MtCO2

North NL FS #2 Q1 jan-23 dec-35 1,5 MtCO2/yr 19,5 MtCO2

Rotterdam FS #1 Q1 jan-20 dec-35 4,5 MtCO2/yr 72,0 MtCO2

Rotterdam FS #2 Q1 jan-25 dec-35 4,5 MtCO2/yr 49,5 MtCO2

North NL FS #1 Q1 jan-25 dec-35 4,5 MtCO2/yr 49,5 MtCO2

Total jan-15 dec-64 272,0 MtCO2

17

Rotterdam Demos & 
German imports 
Extended to P18/P15 
Capacity. Both NNL  
Demos,  Both 
Rotterdam Full scale 
projects  and both 
NNL Full Scale 
projets Directly 
transported to Q1

16

Rotterdam Demos & 
German imports 
Extended to P18/P15 
Capacity. One NNL 
Demo extended to 
Full scale capture 
plant and both 
Rotterdam Full scale 
capture projects 
directly transported 
to Q1

15

Rotterdam & NNL 
Demos & Germany 
Imports followed by 
both Rotterdam Full 
scale projects and 
both NNL full scale 
projects  
(P18/P15/Q1)

14b

RTM &  One NNL 
Demo & W-RR 
refinery imports 
followed by two 
Rotterdam Full 
Scale projects and 
NNL Full Scale 
project (P18/P15/Q1)
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5.4.3 Key Cost Assumptions, Technical Parameters & Resulting Tariffs 
 
Table 5-8: The capex and opex of the transport infr astructure and storage location of scenario 
9 to 17 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
RTM-P18/P15 Offshore Pipeline 2 42 km 5,0 MtCO2/yr 3,7 MtCO2/yr 78 MtCO2 21 €115m €11m €2,7 /tCO2
RTM-Q1 Offshore Pipeline 1 110 km 10,0 MtCO2/yr 4,5 MtCO2/yr 108 MtCO2 24 €179m €14m €5,3 /tCO2
NNL Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 2 79 MtCO2 3,7 MtCO2/yr 78 MtCO2 21 €215m €355m €7,8 /tCO2
Q1 Storage 1 200 MtCO2 4,5 MtCO2/yr 108 MtCO2 24 €52m €389m €5,2 /tCO2

S9 Cost per 

tCO2 T/Put

S9 Total Costs 

(2011 Basis)

S9 

Ops 

Life

S9 # 

Users

S9 Total 

T/PutDist.

Max. Infra 

Capacity

S9 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 2 26 km 7,5 MtCO2/yr 2,7 MtCO2/yr 117 MtCO2 43 €51m €24m €4,6 /tCO2
RTM-P18/P15 Offshore Pipeline 3 42 km 5,0 MtCO2/yr 3,9 MtCO2/yr 77 MtCO2 20 €115m €11m €2,6 /tCO2
RTM-Q1 Offshore Pipeline 1 110 km 10,0 MtCO2/yr 4,5 MtCO2/yr 113 MtCO2 25 €178m €14m €5,0 /tCO2
NNL Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 3 79 MtCO2 3,9 MtCO2/yr 77 MtCO2 20 €194m €355m €7,6 /tCO2
Q1 Storage 1 200 MtCO2 4,5 MtCO2/yr 113 MtCO2 25 €52m €405m €4,8 /tCO2

S10 Cost per 

tCO2 T/Put

S10 Total Costs 

(2011 Basis)

S10 

Ops 

Life

S10 # 

Users

S10 Total 

T/PutDist.

Max. Infra 

Capacity

S10 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 3 27 km 10,0 MtCO2/yr 5,8 MtCO2/yr 202 MtCO2 35 €56m €30m €1,7 /tCO2
RTM-P18/P15 Offshore Pipeline 3 42 km 5,0 MtCO2/yr 3,9 MtCO2/yr 77 MtCO2 20 €115m €11m €2,6 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 7,3 MtCO2/yr 198 MtCO2 27 €179m €18m €2,8 /tCO2
NNL Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 3 79 MtCO2 3,9 MtCO2/yr 77 MtCO2 20 €194m €355m €7,6 /tCO2
Q1 Storage 2 200 MtCO2 7,3 MtCO2/yr 198 MtCO2 27 €52m €566m €3,7 /tCO2

S11 Cost per 

tCO2 T/Put

S11 Total Costs 

(2011 Basis)

S11 

Ops 

Life

S11 # 

Users

S11 Total 

T/PutDist.

Max. Infra 

Capacity

S11 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 5,6 MtCO2/yr 209 MtCO2 37 €63m €58m €1,9 /tCO2
RTM-P18/P15 Offshore Pipeline 6 42 km 5,0 MtCO2/yr 3,1 MtCO2/yr 77 MtCO2 25 €115m €12m €2,9 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 6,7 MtCO2/yr 194 MtCO2 29 €179m €19m €2,7 /tCO2
NNL Onshore CN Pipelines  -  -  -  -  -  -  -  -  - 
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 6 79 MtCO2 3,1 MtCO2/yr 77 MtCO2 25 €235m €382m €8,9 /tCO2
Q1 Storage 2 200 MtCO2 6,7 MtCO2/yr 194 MtCO2 29 €52m €574m €3,8 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €55m €30,4 /tCO2

S12 Cost per 

tCO2 T/Put

S12 Total Costs 

(2011 Basis)

S12 

Ops 

Life

S12 # 

Users

S12 Total 

T/PutDist.

Max. Infra 

Capacity

S12 Avg 

Annual T/Put
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CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 5,6 MtCO2/yr 209 MtCO2 37 €63m €58m €1,8 /tCO2
RTM-P18/P15 Offshore Pipeline 6 42 km 5,0 MtCO2/yr 3,1 MtCO2/yr 77 MtCO2 25 €115m €12m €2,9 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 6,7 MtCO2/yr 194 MtCO2 29 €179m €19m €2,5 /tCO2
NNL Onshore CN Pipelines 1 7 km 4,5 MtCO2/yr 0,5 MtCO2/yr 3 MtCO2 5 €7m €0m €4,1 /tCO2
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 6 79 MtCO2 3,1 MtCO2/yr 77 MtCO2 25 €255m €383m €9,0 /tCO2
Q1 Storage 3 200 MtCO2 5,8 MtCO2/yr 196 MtCO2 34 €52m €625m €4,4 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €55m €30,4 /tCO2
NNL-Q1 Ship 1 219 km 4,5 MtCO2/yr 0,5 MtCO2/yr 3 MtCO2 5 €109m €77m €100,1 /tCO2

S13 Cost per 

tCO2 T/Put

S13 Total Costs 

(2011 Basis)

S13 

Ops 

Life

S13 # 

Users

S13 Total 

T/PutDist.

Max. Infra 

Capacity

S13 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 4,9 MtCO2/yr 146 MtCO2 30 €63m €54m €2,4 /tCO2
RTM-P18/P15 Offshore Pipeline 6 42 km 5,0 MtCO2/yr 3,1 MtCO2/yr 77 MtCO2 25 €115m €12m €2,9 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 5,9 MtCO2/yr 131 MtCO2 22 €181m €14m €3,9 /tCO2
NNL Onshore CN Pipelines 2 7 km 4,5 MtCO2/yr 3,8 MtCO2/yr 102 MtCO2 27 €7m €6m €0,3 /tCO2
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 6 79 MtCO2 3,1 MtCO2/yr 77 MtCO2 25 €235m €382m €8,9 /tCO2
Q1 Storage 4 200 MtCO2 8,6 MtCO2/yr 232 MtCO2 27 €52m €534m €3,9 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €55m €30,4 /tCO2
NNL-Q1 Ship 2 219 km 4,5 MtCO2/yr 3,8 MtCO2/yr 102 MtCO2 27 €109m €414m €9,6 /tCO2

S14 Cost per 

tCO2 T/Put

S14 Total Costs 

(2011 Basis)

S14 

Ops 

Life

S14 # 

Users

S14 Total 

T/PutDist.

Max. Infra 

Capacity

S14 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 5,2 MtCO2/yr 173 MtCO2 33 €63m €56m €2,3 /tCO2
RTM-P18/P15 Offshore Pipeline 6 42 km 5,0 MtCO2/yr 3,1 MtCO2/yr 77 MtCO2 25 €115m €12m €2,9 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 6,3 MtCO2/yr 158 MtCO2 25 €179m €16m €3,3 /tCO2
NNL Onshore CN Pipelines 2 8 km 1,5 MtCO2/yr 1,4 MtCO2/yr 42 MtCO2 30 €7m €9m €0,7 /tCO2
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 6 79 MtCO2 3,1 MtCO2/yr 77 MtCO2 25 €235m €382m €8,9 /tCO2
Q1 Storage 4 200 MtCO2 6,7 MtCO2/yr 200 MtCO2 30 €52m €596m €4,7 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €55m €30,4 /tCO2
NNL-Q1 Ship 2 219 km 4,5 MtCO2/yr 1,4 MtCO2/yr 42 MtCO2 30 €109m €480m €21,1 /tCO2

S14B Cost per 

tCO2 T/Put

S14B Total 

Costs (2011 

Basis)

S14B 

Ops 

Life

S14B # 

Users

S14B Total 

T/PutDist.

Max. Infra 

Capacity

S14B Avg 

Annual T/Put
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CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 4,4 MtCO2/yr 119 MtCO2 27 €64m €52m €2,6 /tCO2
RTM-P18/P15 Offshore Pipeline 6 42 km 5,0 MtCO2/yr 3,1 MtCO2/yr 77 MtCO2 25 €115m €12m €2,9 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 5,4 MtCO2/yr 104 MtCO2 19 €179m €10m €3,9 /tCO2
NNL Onshore CN Pipelines 4 14 km 6,0 MtCO2/yr 5,0 MtCO2/yr 121 MtCO2 24 €14m €11m €0,4 /tCO2
NNL-Q1 Offshore Pipeline 2 218 km 6,0 MtCO2/yr 6,0 MtCO2/yr 114 MtCO2 19 €290m €17m €5,5 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 6 79 MtCO2 3,1 MtCO2/yr 77 MtCO2 25 €235m €382m €8,7 /tCO2
Q1 Storage 6 200 MtCO2 9,4 MtCO2/yr 225 MtCO2 24 €52m €522m €3,6 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €55m €30,4 /tCO2
NNL-Q1 Ship 3 219 km 4,5 MtCO2/yr 1,4 MtCO2/yr 7 MtCO2 5 €109m €79m €35,8 /tCO2

S15 Cost per 

tCO2 T/Put

S15 Total Costs 

(2011 Basis)

S15 

Ops 

Life

S15 # 

Users

S15 Total 

T/PutDist.

Max. Infra 

Capacity

S15 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 4,6 MtCO2/yr 221 MtCO2 48 €64m €210m €1,8 /tCO2
RTM-P18/P15 Offshore Pipeline 5 42 km 5,0 MtCO2/yr 1,6 MtCO2/yr 78 MtCO2 50 €115m €18m €4,1 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 7,8 MtCO2/yr 149 MtCO2 19 €181m €12m €2,5 /tCO2
NNL Onshore CN Pipelines 2 7 km 4,5 MtCO2/yr 3,4 MtCO2/yr 66 MtCO2 19 €7m €4m €0,3 /tCO2
NNL-Q1 Offshore Pipeline  -  -  -  -  -  -  -  -  - 

Storage (Target RoE 13%)
P18/P15 Storage 5 79 MtCO2 1,6 MtCO2/yr 78 MtCO2 50 €194m €684m €11,3 /tCO2
Q1 Storage 4 200 MtCO2 11,3 MtCO2/yr 214 MtCO2 19 €52m €486m €2,9 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 18 MtCO2 45 €41m €251m €22,5 /tCO2
NNL-Q1 Ship 2 219 km 4,5 MtCO2/yr 3,4 MtCO2/yr 66 MtCO2 19 €109m €288m €10,6 /tCO2

S16 Cost per 

tCO2 T/Put

S16 Total Costs 

(2011 Basis)

S16 

Ops 

Life

S16 # 

Users

S16 Total 

T/PutDist.

Max. Infra 

Capacity

S16 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 4,3 MtCO2/yr 207 MtCO2 48 €64m €210m €1,9 /tCO2
RTM-P18/P15 Offshore Pipeline 5 42 km 5,0 MtCO2/yr 1,6 MtCO2/yr 78 MtCO2 50 €115m €18m €4,1 /tCO2
RTM-Q1 Offshore Pipeline 2 110 km 10,0 MtCO2/yr 7,5 MtCO2/yr 135 MtCO2 18 €181m €11m €2,7 /tCO2
NNL Onshore CN Pipelines 4 14 km 6,0 MtCO2/yr 4,5 MtCO2/yr 81 MtCO2 18 €14m €8m €0,5 /tCO2
NNL-Q1 Offshore Pipeline 2 218 km 6,0 MtCO2/yr 5,7 MtCO2/yr 74 MtCO2 13 €290m €11m €7,3 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 5 79 MtCO2 1,6 MtCO2/yr 78 MtCO2 50 €174m €684m €11,2 /tCO2
Q1 Storage 6 200 MtCO2 12,0 MtCO2/yr 216 MtCO2 18 €52m €466m €2,8 /tCO2

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 18 MtCO2 45 €41m €251m €22,5 /tCO2
NNL-Q1 Ship 3 219 km 4,5 MtCO2/yr 1,4 MtCO2/yr 7 MtCO2 5 €109m €79m €35,8 /tCO2

S17 Cost per 

tCO2 T/Put

S17 Total Costs 

(2011 Basis)

S17 

Ops 

Life

S17 # 

Users

S17 Total 

T/PutDist.

Max. Infra 

Capacity

S17 Avg 

Annual T/Put

 
Legend see Table 5-3 
 

5.5 International EOR scenarios 

The international EOR scenarios option was selected as an alternative for direct storage to depleted 
gas fields and the Q1 Aquifer options. In the scenarios presented in Table 5-9. The storage capacity 
of the EOR field is assumed to be 200Mt CO2. The distance to the oil field is 396 km from Rotterdam 
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terminal and 250 from the Eemshaven terminal. The distances chosen are representative for the Dan 
oil field located in Denmark, but could be any other oil field located in the North Sea. 
The costs associated for the EOR field are not taken into account, because the uptake of the CO2 by 
the storage operator is assumed to be free of charge.  
The onshore transport is by a new pipeline through the port of Rottardam gradually extended from 
Maasvlakte to Shell Pernis and in Eemshaven via new pipeline connecting Essen and Nuon to the 
shore. The offshore transport from Maasvlakte and Eemshaven to the EOR location is by ship.  
 

5.5.1 Infrastructure Design and Simplified Schemati c Overview  
 
The scenarios are constructed in such a way that the volumes and the timing are comparable to the 
scenarios described in the previous sections. Furthermore comparing scenario 23 to scenario 21 and 
22 will quantify the effect of upscaling to full scale capture and transport. 
 
Figure 5-5: EOR Scenarios -- Simplified Schematic o verview 
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5.5.2 CO2 Volumes and Timing 
 
Table 5-9: Overview of the EOR scenarios 18 to 23.  
 
EOR/International (Shipping) Directly

Scenario Emitter Dest. Start End  (MtCO2/yr) (MtCO2)

Rotterdam demo #1 EOR jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2
Rotterdam demo #2 EOR jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Total jan-15 dec-26 9,5 MtCO2
Rotterdam demo #1 EOR jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2
Rotterdam demo #2 EOR jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 EOR jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 EOR jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 EOR jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Total jan-15 dec-29 21,0 MtCO2
Rotterdam demo #1 EOR jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2
Rotterdam demo #2 EOR jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 EOR jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 EOR jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 EOR jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

North NL demo #1 EOR jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2
North NL demo #2 EOR jan-20 dec-22 0,5 MtCO2/yr 1,5 MtCO2

Total jan-15 dec-29 25,0 MtCO2
North NL demo #1 EOR jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2
Total jan-20 dec-24 2,5 MtCO2
North NL demo #1 EOR jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2
North NL FS #1 EOR jan-25 dec-67 4,5 MtCO2/yr 193,5 MtCO2

Total jan-20 dec-67 196,0 MtCO2
North NL demo #1 EOR jan-20 dec-24 0,5 MtCO2/yr 2,5 MtCO2
North NL demo #2 EOR jan-20 dec-22 0,5 MtCO2/yr 1,5 MtCO2
North NL FS #2 EOR jan-23 dec-66 1,5 MtCO2/yr 51,0 MtCO2

North NL FS #1 EOR jan-25 dec-66 4,5 MtCO2/yr 144,0 MtCO2

Total jan-20 dec-66 199,0 MtCO2

CO2 Volumes

23
All NNL Demos and 
Full Scale projects

22
One NNL Demo 
followed by Full 
Scale project

21 One NNL Demo Only

20
All Rotterdam and 
NNL Demos & 
Germany Imports

19
Rotterdam Demos & 
Germany Imports

18
Two Rotterdam 
Demos

 
 

5.5.3 Key Cost Assumptions, Technical Parameters & Resulting Tariffs 
 
Table 5-10: The capex and opex of the transport inf rastructure and storage location of 
scenario 18 to 23 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 2 26 km 7,5 MtCO2/yr 0,8 MtCO2/yr 10 MtCO2 12 €47m €31m €10,2 /tCO2

EOR
Danfield EOR  - 200 MtCO2 0,8 MtCO2/yr 10 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
WRR-RTM Barge  -  -  -  -  -  -  -  -  - 
RTM-EOR Ship 2 396 km 9,0 MtCO2/yr 0,8 MtCO2/yr 10 MtCO2 12 €82m €368m €53,1 /tCO2

S18 Cost per 

tCO2 T/Put

S18 Total Costs 

(2011 Basis)

S18 

Ops 

Life

S18 # 

Users

S18 Total 

T/PutDist.

Max. Infra 

Capacity

S18 Avg 

Annual T/Put
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CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 4 34 km 7,5 MtCO2/yr 1,1 MtCO2/yr 17 MtCO2 15 €58m €51m €8,2 /tCO2

EOR
Danfield EOR  - 200 MtCO2 1,4 MtCO2/yr 21 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €56m €30,5 /tCO2
RTM-EOR Ship 5 396 km 9,0 MtCO2/yr 1,4 MtCO2/yr 21 MtCO2 15 €82m €466m €29,0 /tCO2

S19 Cost per 

tCO2 T/Put

S19 Total Costs 

(2011 Basis)

S19 

Ops 

Life

S19 # 

Users

S19 Total 

T/PutDist.

Max. Infra 

Capacity

S19 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 4 25 km 7,5 MtCO2/yr 1,1 MtCO2/yr 17 MtCO2 15 €48m €50m €7,2 /tCO2
NNL Onshore CN Pipelines 2 14 km 6,0 MtCO2/yr 0,8 MtCO2/yr 4 MtCO2 5 €14m €1m €5,3 /tCO2

EOR
Danfield EOR  - 200 MtCO2 1,7 MtCO2/yr 25 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
WRR-RTM Barge 1 212 km 0,4 MtCO2/yr 0,4 MtCO2/yr 4 MtCO2 10 €41m €55m €30,4 /tCO2
RTM-EOR Ship 5 396 km 9,0 MtCO2/yr 1,4 MtCO2/yr 21 MtCO2 15 €82m €464m €28,9 /tCO2
NNL-EOR Ship 2 251 km 4,5 MtCO2/yr 0,8 MtCO2/yr 4 MtCO2 5 €82m €153m €69,5 /tCO2

S20 Cost per 

tCO2 T/Put

S20 Total Costs 

(2011 Basis)

S20 

Ops 

Life

S20 # 

Users

S20 Total 

T/PutDist.

Max. Infra 

Capacity

S20 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
NNL Onshore CN Pipelines 1 7 km 4,5 MtCO2/yr 0,5 MtCO2/yr 3 MtCO2 5 €7m €0m €4,1 /tCO2

EOR
Danfield EOR  - 200 MtCO2 0,5 MtCO2/yr 3 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
NNL-EOR Ship 1 251 km 4,5 MtCO2/yr 0,5 MtCO2/yr 3 MtCO2 5 €82m €78m €81,7 /tCO2

S21 Cost per 

tCO2 T/Put

S21 Total Costs 

(2011 Basis)

S21 

Ops 

Life

S21 # 

Users

S21 Total 

T/PutDist.

Max. Infra 

Capacity

S21 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
NNL Onshore CN Pipelines 2 7 km 4,5 MtCO2/yr 4,2 MtCO2/yr 295 MtCO2 70 €7m €21m €0,2 /tCO2

EOR
Danfield EOR  - 200 MtCO2 4,2 MtCO2/yr 295 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
NNL-EOR Ship 2 251 km 4,5 MtCO2/yr 4,2 MtCO2/yr 295 MtCO2 70 €82m €1.261m €8,5 /tCO2

S22 Cost per 

tCO2 T/Put

S22 Total Costs 

(2011 Basis)

S22 

Ops 

Life

S22 # 

Users

S22 Total 

T/PutDist.

Max. Infra 

Capacity

S22 Avg 

Annual T/Put
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CAPEX OPEX

Pipelines (Target RoE 10%)
NNL Onshore CN Pipelines 4 14 km 6,0 MtCO2/yr 5,5 MtCO2/yr 259 MtCO2 47 €14m €27m €0,4 /tCO2

EOR
Danfield EOR  - 200 MtCO2 5,5 MtCO2/yr 259 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
NNL-EOR Ship 4 251 km 4,5 MtCO2/yr 5,5 MtCO2/yr 259 MtCO2 47 €82m €1.577m €9,9 /tCO2

S23 Cost per 

tCO2 T/Put

S23 Total Costs 

(2011 Basis)

S23 

Ops 

Life

S23 # 

Users

S23 Total 

T/PutDist.

Max. Infra 

Capacity

S23 Avg 

Annual T/Put

 
Legend see Table 5-3 
 

5.6 P18 followed by P15 and international EOR  

The second EOR option considered in the analysis are scenarios not directly to the EOR location, but 
after the storage in the P18 and P15 depleted gas fields with a storage capacity mentioned in Table 
5-1 and Table 5-4 in the previous sections. The storage capacity of the EOR location is 200Mton CO2.  
The offshore transport to P18 is by a new build 16 inch pipeline from the Maasvlakte, which is 
extended to P15 when needed. Both pipelines have an effective transport capacity of 5MtCO2/yr. The 
transport to the EOR location is modeled by 396 km long shipping route. The scenarios selected here 
will highlight the merits of EOR vs storage in an aquifer (Q1). Also the risk attendant to lower expected 
takeup will be highlighted. 
 
Figure 5-6: EOR Scenarios -- Simplified Schematic o verview 
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5.6.1 CO2 Volumes and Timing 
 
Table 5-11: Overview of the P18, P15 followed by EO R scenarios 24 to 28.  
 
P18 Initially followed by extension to P15 and late r Shipping to International EOR/Storage

Scenario Emitter Dest. Start End (MtCO2/yr) (MtCO2)

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam FS #1 P18/P15 jan-20 dec-35 4,5 MtCO2/yr 72,0 MtCO2

Rotterdam FS #1 EOR jan-36 dec-59 4,5 MtCO2/yr 108,0 MtCO2

Total jan-15 dec-59 185,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-20 dec-34 4,5 MtCO2/yr 67,5 MtCO2

Rotterdam FS #1 EOR jan-35 dec-59 4,5 MtCO2/yr 112,5 MtCO2

Total jan-15 dec-59 189,5 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-20 dec-34 4,5 MtCO2/yr 67,5 MtCO2

Rotterdam FS #2 EOR jan-25 dec-51 4,5 MtCO2/yr 121,5 MtCO2

Rotterdam FS #1 EOR jan-35 dec-51 4,5 MtCO2/yr 76,5 MtCO2

Total jan-15 dec-51 275,0 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-29 1,1 MtCO2/yr 16,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-26 0,4 MtCO2/yr 3,5 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-29 0,4 MtCO2/yr 4,0 MtCO2

Rotterdam FS #1 P18/P15 jan-30 dec-39 4,5 MtCO2/yr 45,0 MtCO2

Rotterdam FS #1 EOR jan-25 dec-53 4,5 MtCO2/yr 130,5 MtCO2

Rotterdam FS #2 EOR jan-40 dec-54 4,5 MtCO2/yr 67,5 MtCO2

Total jan-15 dec-54 275,0 MtCO2

Rotterdam demo #1 P18/P15 jan-15 dec-19 1,1 MtCO2/yr 5,5 MtCO2

Rotterdam demo #2 P18/P15 jan-17 dec-64 0,4 MtCO2/yr 19,2 MtCO2

Rotterdam demo #3 P18/P15 jan-17 dec-64 0,4 MtCO2/yr 16,8 MtCO2

Rotterdam demo #4 P18/P15 jan-20 dec-64 0,4 MtCO2/yr 18,0 MtCO2

Rotterdam demo #5 P18/P15 jan-20 dec-64 0,4 MtCO2/yr 18,0 MtCO2

Rotterdam FS #1 EOR jan-20 dec-43 4,5 MtCO2/yr 108,0 MtCO2

Rotterdam FS #2 EOR jan-25 dec-44 4,5 MtCO2/yr 90,0 MtCO2

Total jan-15 dec-64 275,5 MtCO2

CO2 Volumes

28

Rotterdam Demos & 
German imports 
Extended to P18/P15 
Capacity. EON & 
Electrabel FS 
Directly to Int/EOR in 
2025

27

Rotterdam Demos & 
German imports 
followed by EON Full 
Scale & Electrabel 
Full Scale 
(P18/P15/Int)

26

ROAD & Green 
Hydrogen Demos 
followed by EON Full 
Scale & Electrabel 
Full Scale 
(P18/P15/Int)

25

ROAD & Green 
Hydrogen Demos 
followed by EON Full 
Scale (P18/P15/Int)

24
ROAD Demo 
followed by EON Full 
Scale (P18/P15/Int)

 
 
 
 
 
 
 
 
 



 
 
Transport and Storage Economics of CCS 

Doc.nr: 
Version: 
Classification: 
Page: 

CATO2-WP2.4-D05 
2013.11.13 
Public 
40 of 59 

 

 
This document contains proprietary  
information of CATO 2 Program. 
All rights reserved 

Copying of (parts) of this document is prohibited without 
prior permission in writing 

 

5.6.2 Key Cost Assumptions, Technical Parameters & Resulting Tariffs 
 
Table 5-12: The capex and opex of the transport inf rastructure and storage location of 
scenario 24 to 29 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 1 1 km 5,0 MtCO2/yr 4,5 MtCO2/yr 108 MtCO2 24 €1m €6m €0,1 /tCO2
RTM-P18/P15 Offshore Pipeline 2 42 km 5,0 MtCO2/yr 3,7 MtCO2/yr 78 MtCO2 21 €115m €11m €2,7 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 2 79 MtCO2 3,7 MtCO2/yr 78 MtCO2 21 €194m €355m €7,5 /tCO2

EOR
Danfield EOR  - 200 MtCO2 4,5 MtCO2/yr 108 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
RTM-EOR Ship 1 396 km 9,0 MtCO2/yr 4,5 MtCO2/yr 108 MtCO2 24 €82m €821m €10,0 /tCO2

S24 Cost per 

tCO2 T/Put

S24 Total Costs 

(2011 Basis)

S24 

Ops 

Life

S24 # 

Users

S24 Total 

T/PutDist.

Max. Infra 

Capacity

S24 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 2 26 km 7,5 MtCO2/yr 2,7 MtCO2/yr 117 MtCO2 43 €51m €24m €4,6 /tCO2
RTM-P18/P15 Offshore Pipeline 3 42 km 5,0 MtCO2/yr 3,9 MtCO2/yr 77 MtCO2 20 €115m €11m €2,6 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 3 79 MtCO2 3,9 MtCO2/yr 77 MtCO2 20 €215m €356m €7,8 /tCO2

EOR
Danfield EOR  - 200 MtCO2 4,5 MtCO2/yr 113 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
RTM-EOR Ship 1 396 km 9,0 MtCO2/yr 4,5 MtCO2/yr 113 MtCO2 25 €82m €855m €9,9 /tCO2

S25 Cost per 

tCO2 T/Put

S25 Total Costs 

(2011 Basis)

S25 

Ops 

Life

S25 # 

Users

S25 Total 

T/PutDist.

Max. Infra 

Capacity

S25 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 3 27 km 12,5 MtCO2/yr 5,8 MtCO2/yr 202 MtCO2 35 €56m €30m €1,7 /tCO2
RTM-P18/P15 Offshore Pipeline 3 42 km 5,0 MtCO2/yr 3,9 MtCO2/yr 77 MtCO2 20 €115m €11m €2,6 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 3 79 MtCO2 3,9 MtCO2/yr 77 MtCO2 20 €215m €356m €7,5 /tCO2

EOR
Danfield EOR  - 200 MtCO2 7,3 MtCO2/yr 198 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
RTM-EOR Ship 2 396 km 9,0 MtCO2/yr 7,3 MtCO2/yr 198 MtCO2 27 €83m €984m €7,4 /tCO2

S26 Cost per 

tCO2 T/Put

S26 Total Costs 

(2011 Basis)

S26 

Ops 

Life

S26 # 

Users

S26 Total 

T/PutDist.

Max. Infra 

Capacity

S26 Avg 

Annual T/Put
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CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 35 km 12,5 MtCO2/yr 5,6 MtCO2/yr 214 MtCO2 38 €63m €66m €2,2 /tCO2
RTM-P18/P15 Offshore Pipeline 6 42 km 5,0 MtCO2/yr 3,1 MtCO2/yr 77 MtCO2 25 €115m €12m €2,9 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 6 79 MtCO2 3,1 MtCO2/yr 77 MtCO2 25 €255m €383m €9,0 /tCO2

EOR
Danfield EOR  - 200 MtCO2 6,6 MtCO2/yr 198 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
RTM-EOR Ship 2 396 km 9,0 MtCO2/yr 6,6 MtCO2/yr 198 MtCO2 30 €94m €1.306m €8,5 /tCO2

S27 Cost per 

tCO2 T/Put

S27 Total Costs 

(2011 Basis)

S27 

Ops 

Life

S27 # 

Users

S27 Total 

T/PutDist.

Max. Infra 

Capacity

S27 Avg 

Annual T/Put

 
 

CAPEX OPEX

Pipelines (Target RoE 10%)
RTM Onshore CN Pipelines 6 3 km 12,5 MtCO2/yr 5,6 MtCO2/yr 270 MtCO2 48 €64m €214m €1,6 /tCO2
RTM-P18/P15 Offshore Pipeline 5 42 km 5,0 MtCO2/yr 1,6 MtCO2/yr 78 MtCO2 50 €115m €18m €4,1 /tCO2

Storage (Target RoE 13%)
P18/P15 Storage 5 79 MtCO2 1,6 MtCO2/yr 78 MtCO2 50 €174m €684m €11,2 /tCO2

EOR
Danfield EOR  - 200 MtCO2 7,9 MtCO2/yr 198 MtCO2  -  -  -  - 

Ships (Target RoE 10%)
RTM-EOR Ship 2 396 km 9,0 MtCO2/yr 7,9 MtCO2/yr 198 MtCO2 25 €93m €1.218m €7,6 /tCO2

S28 Cost per 

tCO2 T/Put

S28 Total Costs 

(2011 Basis)

S28 

Ops 

Life

S28 # 

Users

S28 Total 

T/PutDist.

Max. Infra 

Capacity

S28 Avg 

Annual T/Put

 
Legend see Table 5-3 
 
 

5.7 Summary Emitter Tariffs  

Having determined the technical and cost parameters of each of the 29 T&S scenarios, this section 
provides an overview of the total transport and storage cost to emitters in the three regions in each 
scenario. As explained in the previous chapter, the “tariffs” take into account the total infrastructure 
costs as well as the (base case) financing assumptions. All results are expressed in per ton of CO2 

throughput.  

5.7.1 P18 Tariffs 
 
Storage tariffs for P18 have a range between €7.3-€16.7/tCO2. The tariff highly dependent on the 
need for one (P18-4) or two (P18-4 & P18-2) compartments, however the lowest cost can be achieved 
in the two compartment scenario with the highest average injection rate (S5) 
Pipeline costs (offshore: €3.0-€15.7/tCO2 and onshore Collection Network: €8.9-€23.2/tCO2) highly 
dependent  on total throughput, with lowest costs achieved in either full demos scenario (S4) or demo 
followed by full scale (S5)  
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5.7.2 P18 followed by P15 Tariffs 
 
The storage tariffs have a range between €8.6-12.3/tCO2, which is highly dependent on amount of 
CO2 injected in the scenario itself. Given all scenarios use same compartments (P18-4, P18-2, P15-9, 
P15-11, P15-13), with lowest cost achieved in demos followed by FS. Basically this means how closer 
the operations are to the maximum injection capacity of the storage site, the lower the cost of the 
operations will be.  
Pipeline costs (offshore: €2.6-€4.1/tCO2 and onshore Collection Network: €1.6-€23.2/tCO2) highly 
dependent on throughput and operating life time, with lowest costs achieved in long term demo 
projects or demo followed by both full scale scenarios 
The additional cost of P15 adding to the storage network can be estimated by comparing scenario 5 
and 6. The total cost of scenario 5 is 215M€ and in scenario 6 is 696 M€. So extending the storage to 
P15 will cost in total an additional 445M€. 

5.7.3 P18/P15 followed by Q1 Tariffs 
 
The storage tariffs for the Q1 aquifer are generally lower than P18/P15 (due to larger storage 
capacity, existing infrastructure and generally higher injectivity). The range of the storage cost in these 
scenarios are between €3.2-5.6/tCO2.  
The storage cost is also sensitive to timing of CO2 capture operations. The earlier the full scale 
operations starts the lower the storage tariffs are. The lowest costs achieved  are in the  combined 
Rotterdam (demo+ Full scale) and North Netherlands (demo+ Full scale) scenarios (S14-S17). 
The offshore pipeline tariffs ranges in Rotterdam between €2.5-5.0/tCO2 and in the North Netherlands 
between €7.5-9.0/tCO2). The result depends on throughput and duration of operations.  
The shipping tariffs in the North Netherlands are between  €14.2-98.6/tCO2) costs, which are  
considerably higher than pipeline alternatives. The lowest costs are achieved when a demo project is 
followed up by a full scale project.  A seagoing vessel has a high transport capacity (4.5MtCO2/yr). 
The relative small volumes during the demo projects is the reason for the high shipping costs. 

5.7.4 EOR scenario Tariffs 
 
During the EOR scenarios the storage tarrifs are assumed to be zero. The storage operator will 
accept the CO2 without cost for the EOR operations.  
All the EOR scenarios the shipping is assumed to be the most cost efficient because of the relative 
large distance. The shipping cost from Rotterdam area is in the range of €7.4-€53.2/tCO2 and in the 
North Netherlands in the range of €7.7-€50.6/tCO2). The tariffs depends on the average throughput 
and duration of operations. Lowest costs achieved in long term scenarios and highest throughput, like 
scenario S25 and S26 for the Rotterdam EOR scenarios and S21 for the North Netherlands scenarios 
 
 
 
 
 
 
 
 
 
 



 
 
Transport and Storage Economics of CCS 

Doc.nr: 
Version: 
Classification: 
Page: 

CATO2-WP2.4-D05 
2013.11.13 
Public 
43 of 59 

 

 
This document contains proprietary  
information of CATO 2 Program. 
All rights reserved 

Copying of (parts) of this document is prohibited without 
prior permission in writing 

 

Figure 5-7: Range of the tariffs or the different s cenarios per storage location divided by 
region Rotterdam (RTM) and North Netherlands (NNL) and divided by demo phase or full scale 
phase 
 

 

5.7.5 Rotterdam Demos 
 
The five Rotterdam Demos are modeled in the most of the transport and storage scenarios. The 
analysis considered 26 out of 29 scenarios. The total transport ad storage tariff varies between the 
6.6 €/tCO2 for Rotterdam demo #1 to 70.6 €/tCO2 for Rotterdam demo#2. The lowest tariff appear in 
the scenarios full scale projects will follow demo projects is followed by a full scale project, like 
scenario P18 &P15 scenarios (S6,S7).  The highest tariff are in the EOR scenarios, the relative small 
volumes on the oversized ships (a see going ship has a transport capacity of 4.5Mton/yr) results in a 
high tariff.   
Shipping of small volumes over a relative large distance of Rotterdam demo #5 is the reason for the 
relative high range of tariffs for this emitter. 
Furthermore it is observed for all the different type of scenarios (e.g. P18 only, P18 followed by P15 
etc. ) that the tariffs of  Demo #1 and Demo #2 will drop if other emitters will join and share the 
existing infrastructure.  
 
In case we do not take the EOR scenarios into account into this analysis. We observe the highest 
tariff for  Rotterdam Demo#1 in scenarios they are the only user of the infrastructure.  
In the scenarios modeled the risk of Rotterdam demo#1 that other demo projects will not come online 
is clearly quantified.  
For the Rotterdam demo projects #2 to #5 the highest tariffs are observed in scenarios which are not 
followed by full scale CCS operations. The risk of no full scale operations after a demo project is a 
considerable higher tariff for the demo projects. 
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Figure 5-8: Tariff range for demo Emitters 
 

 
Figure 5-9: Tariff range for demo Emitters (without  EOR) 
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5.7.6 Full scale emitters 
 
The tariffs for the Full scale operators are lower compared to the demo phase, because the 
infrastructure is operated closer to the maximum capacity. An overcapacity of the infrastructure during 
the demo phase will result in higher tariffs.  
For the Rotterdam are the tariffs for the two full scale operators are between 4.0 €/tCO2 and 10.7 
€/tCO2. The Lowest tariffs are in the scenarios for Rotterdam is in case all Full scale operators are 
operational and can share the storage infrastructure of Q1.  
 
Figure 5-10: Tariff range for Full scale Emitters 

 
Figure 5-11: Incremental impact on tariffs by addit ional CO 2 operators 
 

 
 
 
The analysis assumes that all infrastructure has been oversized from the start, the offshore pipeline 
from Maasvlakte to P18/P15 with a transport capacity of 5MtCO2/yr, the Rotterdam to Q1 pipeline of 
10MtCO2/yr, the offshore North Netherlands to Q1 pipeline of 5MtCO2/yr and the Rotterdam collection 
network of 2.55MtCO2/yr.  
Using the scenarios we can estimate the incremental cost and the benefit of additional emitters of 
using the same infrastructure. The additional benefit of the Rotterdam emitters in case of P18 storage 
is quantified in Figure 5-11. In Figure 5-11 is shown the total revenues required by the pipeline and 
storage operator at increasing emitter participation (an therefor increasing CO2 throughput). For the 
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same storage location (and the same CAPEX) the cost relative to RTM demo#1 and RTM demo#2 
scenario (total storage of 10 MtCO2) is decreasing significant.  
The RTM demos scenario is storing more CO2 (total 17 MtCO2) and the offshore pipeline tariff is 
decreasing by 40%, the collection network tariff with 52% and the storage tariff with 19% compared to 
the RTM#1 and RTM demo#2 scenario. 
In scenario RTM demos + WRR is storing 21MtCO2 and the tariffs are decreasing even more, more 
specific, the offshore pipeline by 50%, the collection network by 62% and the storage tariff by  32%. 
In the last scenario shown in Figure 5-11 the demo is followed by a full scale project. Here are the 
tariffs decreased by 56% for the offshore pipeline and 70% for the storage cost. 
 
This analysis give similar results for other scenarios but are not shown in this report. 
 

5.8 Results of sensitivity study 

In the previous section the base case scenarios are summarized. In this section the sensitivities on 
the base case scenarios are summarized. In the first part an overview of the impact of the utilization 
rate is analyzed. In the second part the impact on the monitoring measurement and verification (MMV) 
costs are analyzed 
 

5.8.1 Utilization rate 
 
As can be observed in Figure 5-12, the revenues required by the pipeline is becoming lower at a 
higher annual throughput, which is closer to the maximum capacity of a specific pipeline. From this 
chart can be concluded that the utilization rate is an important driver for the cost associated with the 
different pipelines.  
The same correlation is observed for the storage operator and ship operator in Figure 5-12 and  
Figure 5-13 respectively. 
 
 
Figure 5-12: Pipeline Operator revenue required at average annual CO 2 throughput  
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Figure 5-13: Storage Operator revenues required at average injection rate 
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Figure 5-14: Ship Operator revenues required at ave rage annual throughput 
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5.8.2 Sensitivities on the MMV Costs 
 
The MMV cost can have a major impact on the total cost of the storage operator and therefore also on 
the revenue required by the same storage operator. In order to quantify this impact on the tariffs a 
sensitivity analysis is performed. The two most uncertain factors of MMV is firstly the exact number of 
the cost and secondly the length of the pre-abandonment period.  
The base case cost for MMV used in this study is €2.83m/yr during injection & €0.28m/yr during pre-
abandonment (ZEP report). The impact on the tariff will be analysed by increasing and decreasing the 
base case numbers by 20% and -20% respectively. This results in a cost for MMV for base case 
+20% of €3.40m/yr during injection & €0.34m/yr post abandonment  and for the base case -20% 
€2.26m/yr during injection & €0.23m/yr post abandonment.  
The results of analyses is shown in Figure 5-15 for the three different storage options used in the 
scenarios developed. The chart below shows the impact of MMV costs on the total revenues required 
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by the storage operator for the 3 storage options to cover costs and targeted returns (13% RoE) 
assuming a pre-abandonment MMV period of 2 years (base cases).  
On the basis of the 22 scenarios used in this analysis, MMV contributes an average of 7-25% to 
required storage revenues, depending on MMV Cost sensitivity (Base Case, +20%, -20%) and 
storage location (16-25% in the case of P18, 7-11% in the case of P18/P15 and 12-18% in the case of 
Q1). 
The second uncertain factor of the MMV cost is the period between shut-in of the well and 
abandonment is assumed to be 2 years in the base case. The EU-directive described a period of 20 
years of MMV after shut-in. In the case of a 20 year post abandonment MMV period, the incremental 
impact on cost is on average lower than for the 2 year case at 4-12% (depending on the storage 
location), primarily due to delayed abandonment costs and nature of the discounted cashflow (DCF) 
analysis. 
 
Figure 5-15: Sensitivity analysis of the MMV cost 
 

 
 
 

5.9 Conclusions 

As mentioned in earlier chapters, the initial phase of the analysis focused on a set of CO2 transport 
and offshore storage initiatives that could realistically support capture projects in Rotterdam and 
[Groningen / the Eemshaven] in the short (2015) to medium term (2020) on a shared basis. It included 
a total of 29 scenarios relating to two offshore storage sites in the Dutch Continental Shelf (P18/P15 
depleted gas field and Q1 aquifer) as well as an EOR opportunity in Denmark (Danfield). 
 
The scenarios were designed to determine the relative cost impact of alternative development 
pathways for each transport and storage option, focusing primarily on the issue of oversizing 
infrastructure and the timing of participation of different emitters in the network.  
 
Reassuringly, the results validated the expected relationship of cost drivers including utilisation rates, 
injectivity, operating life and financing terms on user tariffs.  
 
The broad conclusions applicable to all options were that:  
� Shared, oversized pipelines can be cost effective as long as they are used near or at capacity in 

the (near) future. Efficient utilisation of the infrastructure requires the coordination of earlier CO2 
capture projects and/or some visibility that a demo project can transition to full scale project 
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� For example, starting with an anchor demo project and a (5x) oversized offshore pipeline 
to the storage site we considered the gradual roll out of the onshore collection network 
as additional emitters come online.  

� Storage costs are significantly reduced when CO2 is injected close to the individual reservoir’s 
maximum injectivity rates and therefore minimizing the operating period 

� It’s important to realise that as the volume stored in the reservoir nears the total 
capacity, the pressure in the reservoir will rise and therefore injectivity will be lower. 
Making use of the available volume to the least cost requires careful coordination of the 
volumes directed to the reservoir. Ultimately better understanding of the time dependent 
storage capacity gives the opportunity to optimise the storage utilisation 

� MMV costs during injection and for 20 years prior to complete abandonment can contribute 
between 4-13% of revenues required by the operator, depending on the project timeframe (see 
Figure 5-15).  

� While more favourable financing terms would lower the cost to individual emitters, the 
proportionate impact differs by type of infrastructure, depending on the total Capex quantum (and 
associated debt service requirements) and the share of Capex in total costs.  

� With regards to transport, offshore pipelines appear most sensitive, followed by onshore 
pipelines and shipping. Storage costs appears the least sensitive to changing 
construction financing terms as the majority are operating costs as opposed to capital 
costs.  
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6 Steering Group Conclusions 

6.1 Objectives & Results 

The primary objective of this project was to provide the members of the Steering Group with a 
planning tool, which would allow them to form a common view of the costs and risks of alternative 
CO2 offtake options in the North Sea that could support large-scale demonstration and early 
commercial projects in Rotterdam, Eemshaven and Antwerp on a network basis. The analysis is 
intended to inform discussions between operators and participants in a CCS network, relevant 
policymakers and other key stakeholders to address a series of complex issues related to the 
development of shared transport and storage infrastructure in the medium term.  
 
The results of the analysis have been discussed with the Steering Group at three meetings between 
September and November 2012. Figure 6-1 below summarizes the total transport and storage tariff 
costs to the emitter users across all Phase 1 T&S Scenarios. The range in each scenario reflects 
differences in emitter CO2 volume and timing assumptions. The lowest tariffs are typically achieved for 
emitters with the highest annual throughput volumes, using the least amount of infrastructure and 
when there is minimal excess capacity in the transport and storage system. 
 
Figure 6-1: Overview of the Phase 1 scenarios: Tota l storage and transport tariff 
 

 
 
 
In all, the analysis led to a better understanding of the economics and most important cost drivers of 
the different offtake options, including the choice of transport mode (pipeline vs. ship), the scale of the 
infrastructure and the potential for under-utilisation, commercial and financing arrangements. The cost 
of the infrastructure and the range of tariffs on a per ton basis were also broadly recognized as 
realistic. Furthermore, the financial model delivered to the Steering Group could serve as a starting 
point for a project application in the second round of the NER300 as it provides a benchmark on costs 
and could be adapted to reflect project specific assumptions (as described in Chapter 3).  
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6.2 Main Conclusions 

The main conclusions of the modelling were similar across the two phases and can be summarized as 
follows:  
 

� Sharing transport and storage infrastructure is a cost effective approach for CCS 
� Efficient utilisation of the infrastructure requires the coordination of earlier CO2 capture 

projects and/or some visibility that a demo project can transition to full scale project 

� Storage costs are significantly reduced when CO2 is injected close to the individual reservoir’s 

maximum injectivity rates and therefore minimizing the operating period 
� Assuming no existing infrastructure in place, the choice between a pipeline and a ship will 

depend on the required CO2 throughput volumes and the transport distance 
� While more favourable financing terms would lower the cost to individual user emitters, the 

proportionate impact differs by type of infrastructure, depending on the total CAPEX quantum 
(and associated debt service requirements) and the share of CAPEX in total costs  

6.3 Next Steps 

With the modelling completed and the key conclusions drawn, in January 2013 the RCI organised a 
Steering Group workshop to discuss the strategic issues raised by the analysis and possible near 
term actions to address them.  

6.3.1 Drive for Investment 
 
One of the key points of the discussion was the recognition that the current macro environment and 
investment signals for CCS are weak. The EU Emissions Trading System (ETS), for example, which 
was developed as a means to encourage the deployment of clean energy technologies and help 
Europe meet its Kyoto Protocol commitments has not stimulated the investment in low carbon 
technologies to the extent policymakers had originally hoped. Energy efficiency measures and 
reduced economic activity in the region has meant that emission targets have been met at relatively 
low cost, decreasing the trading price of emission certificates. A relatively low certificate price outlook 
has also meant that private sector investors are unable to underwrite investment in large scale CCS 
projects.  
 
Given this backdrop, the Steering Group discussed the role of government and regulators to improve 
the business case for CCS and provide the missing investment signals by developing clear objectives 
for the technology in the national energy mix. Plans for long term CO2 transport and storage 
infrastructure would also accelerate investment in capture projects.  
 
Specifically for the Netherlands and in light of the window of opportunity being created with the 
second round of the NER300 to realise further CCS projects in the region, the emitters highlighted the 
need for government and related, government-owned CCS stakeholders to work with industry in 
addressing the following issues:  
 

� Ensuring the transition from demonstration phase to commercial phase projects with 
appropriate planning of initial investments and oversized infrastructure 

� Providing early mover projects with appropriate incentives to ensure the first projects are 
aligned to the future vision of CCS networks 

� Developing the appropriate regulatory frameworks for transboundary transport and storage 
� Mobilising other CCS stakeholders in the Netherlands, such as EBN, with responsibilities to 

progress common user transport and storage  



 
 
Transport and Storage Economics of CCS 

Doc.nr: 
Version: 
Classification: 
Page: 

CATO2-WP2.4-D05 
2013.11.13 
Public 
52 of 59 

 

 
This document contains proprietary  
information of CATO 2 Program. 
All rights reserved 

Copying of (parts) of this document is prohibited without 
prior permission in writing 

 

6.3.2 Ensuring CO 2 Storage 
 
Addressing the complex issues relating to CO2 storage remains high on the list of the Steering 
Group’s priorities. The Independent CO2 Storage Assessment completed in 2011 identified the most 
promising long term storage sites on the Dutch Continental Shelf and highlighted a need for further 
feasibility work to verify the capacity and ensure the availability of these sites. 
 
The Steering Group discussed the inconsistencies for potential storage operators between 
hydrocarbon extraction and the characterisation and development of CO2 storage sites. Specifically, 
the group highlighted the need to engage potential operators and work with government to:    
 

� Progress CO2 storage characterisation and feasibility studies for saline formations on the 
Dutch Continental Shelf to ensure a smooth transition from demonstration to commercial 
deployment of CCS  

� Better understand the storage capacity elsewhere in the North Sea, based on work already 
done on mapping the storage potential in the UK and Norway 

� Provide input into a review of the EU CCS Directive, particularly in relation to long term CO2 

containment and liability issues 
� Develop an appropriate regulatory framework that will treat storage as an “asset”, including 

end of life policies for producing hydrocarbon field and “storage ready” certification 
� Develop alternative business models for CO2 storage, including for example public-private 

partnerships and service-based models 

6.3.3 Enabling Transport 
 
The analysis has helped articulate a clear rationale for shared transport infrastructure and quantify the 
risks associated with not realising the ambition of regional CCS networks. In the discussion, the 
Steering Group highlighted the challenge in reconciling the higher incremental investment costs and 
risks to the first mover projects in the short term with the operational benefits of oversizing expected in 
the long term. In fact, the group drew comparisons with the development of other public good 
infrastructure, such as bridges and highways, in previous decades and called for decisive government 
engagement to progress common user CO2 transport in the Netherlands and Belgium  
The key issues to be addressed include:  
 

� Allocation of risk between early mover and future participants in a shared transport system 
� Developing appropriate incentives for early mover projects as well as private public 

partnerships 
� Issue of CO2 specifications in shared transport networks 
� Developing models for long term CO2 transport regulation 
� Enabling transboundary transport of CO2, starting with the ratification of the London Protocol 

6.3.4 National and Regional Cooperation 
 
One of the key themes of the discussion within the Steering Group was the scope and potential for 
further cooperation among CCS stakeholders in the Netherlands and the North Sea rim, including 
emitters, transport and storage operators, government bodies and potential regulators, to develop a 
more coherent voice on critical issues relating to CCS deployment and commercialisation.  
 
Specifically with regards to the Netherlands, the group highlighted the need to revive the National 
Taskforce CCS, which was dismantled in 2011. This was a high level platform of public and private 
entities established in 2008 with a mandate to support Dutch CCS activities and accelerate the 
development of the technology. There was also agreement for the Steering Group to engage with 
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potential transport and storage operators in the Netherlands and Belgium to further identify key issues 
and collaborate towards their resolution.  
 
With regards to broader regional cooperation, the Steering Group recognised the need to develop an 
engagement plan with working groups such as the European Technology Platform for Zero Emission 
Fossil Fuel Power Plants (ZEP) and the North Sea Basin Task Force (NSBTF). Finally, the group will 
seek to strengthen the dialogue with regional level authorities in Rotterdam, the Eemshaven and 
Antwerp and support national level discussions with the European Commission. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Transport and Storage Economics of CCS 

Doc.nr: 
Version: 
Classification: 
Page: 

CATO2-WP2.4-D05 
2013.11.13 
Public 
54 of 59 

 

 
This document contains proprietary  
information of CATO 2 Program. 
All rights reserved 

Copying of (parts) of this document is prohibited without 
prior permission in writing 

 

7 References 

1. ECCO project, see http://www.sintef.no/ecco  
2. Løvseth, S.W., Wahl, P.E., Eickhoff, C., Bos, C.F.M., “ECCO Tool for CO2 Value Chain Case 

Study Analysis” , paper presented at the 10th International Conference on Greenhouse Gas 
Control Technologies (GHGT-10), 19th-23rd September 2010, Amsterdam, The Netherlands 

3. Loeve, D., Bos, C.F.M., Chitu, A., Løvseth, S.W., Wahl, P.E., Coussy, P., Eickhoff, C., “Value 
chain analysis of CO2 storage by using the ECCOTool: Storage economics”. Paper presented 
at the 11th International Conference on Greenhouse Gas Control Technologies (GHGT-11), 
18-22 November 2012, Kyoto, Japan; www.siencedirect.com  

4. Vandeweijer, V., Wollenweber J., Pluymaekers, M., van Lieshout F., van der Meer, B., 
Koenen, M., Wassing, B., Neele, F., Hofstee, C., Pre-Feasibility study of CO2 storage in the 
under pressurised Q1 Aquifer, TNO–Report, 2011. 

5. Neele, F., Hofstee, C., Dillen, M., Nepveu, M., Independent storage assessment of offshore 
CO2 storage option for Rotterdam, TNO-report, RCI-ISA Phase 2, 2011 

6. Neele, F., ten Veen, J., Wilschut, F., Hofstee, C., Independent assessment of high-capacity 
offshore CO2 storage options, TNO-report, RCI-ISA Phase 3, 2012 

7. EBN/Gasunie Report, CO2 transport en opslagstrategie, 2011 
8. Van der Velde, R., Mieog, J., Breunese, J., Remmelts, G., Potential for CO2 storage in 

depleted gas fields at the Dutch Continental Shelf, Phase1: Technical assessment, Nogepa, 
2008 

9. ZEP, The Costs of CO2 Transport and storage, 2011 
10. Chadwick, A., Arts, R., Bernstone, C., May, F., Thibeau, S., Zwigel, P., Best practice for the 

storage of CO2 in saline aquifers,2008 
11. Vermeulen, T.N., Potential for CO2 storage in depleted fields on the Dutch Continental shelf – 

Cost estimate for offshore facilities, Report- Tebodin/EBN, 2009 
12. Bentham, M., An assessment of carbon sequestration potential in the UK- Southern North 

Sea case study, 2009 
13. Progressing Scotland’s CO2 storage opportunities, University of Edinburgh, 2011 
14. Central North Sea – CO2 storage Hub, IEA, 2012 
15. Final report for the FENCO ERO-NET project, Analysis of potentials and costs of CO2 storage 

in the Utsira aquifer in the North Sea, 2010 
16. Chadwick, R.A., Zweigel, P., Gregersen, U., Kirby, G.A., Holloway, S., Johannessen, P.N., 

Geological reservoir characterization of a CO2 Storage Site: The Utsira Sand Sleipner 
Northern North Sea, Energy 29, 1371-1381, 2004 

17. EBN/Gasunie report (2010) 
18. EBN/Tebodin report (2008) 
19. Cronenberg, C., Rottier, R.,Van der Velde, R., Breunese, J., Remmelts, G., Potential for CO2 

storage in depleted gas fields at the Dutch Contintental Shelf, Phase 2: Costs of transport and 
storage, Nogepa, 2009 

20. ZEP, The Costs of CO2 Transport and storage, 2011 
21. Nardon, L. (2010) Techno-economic assessment of CO2 transport by ship. A case study for 

the Netherlands, Cà Foscari University, Utrecht University, Ecofys, Vicenza (Ecofys – UU 
model).  

22. SC 2012, Input from steering committee on cost estimates, 2012 
23. ECCO, Documentation for the new version of the tool V2, 2011 



 
 
Transport and Storage Economics of CCS 

Doc.nr: 
Version: 
Classification: 
Page: 

CATO2-WP2.4-D05 
2013.11.13 
Public 
55 of 59 

 

 
This document contains proprietary  
information of CATO 2 Program. 
All rights reserved 

Copying of (parts) of this document is prohibited without 
prior permission in writing 

 

 



 
 
Transport and Storage Economics of CCS 

Doc.nr: 
Version: 
Classification: 
Page: 

CATO2-WP2.4-D05 
2013.11.13 
Public 
56 of 59 

 

 
This document contains proprietary  
information of CATO 2 Program. 
All rights reserved 

Copying of (parts) of this document is prohibited without 
prior permission in writing 

 

8 APPENDIX A: Project Team & Project Participants 

� The Rotterdam Climate Initiative (RCI) was established in 2007 as collaboration between the 
City of Rotterdam, the Rotterdam Port Authority, the DCMR Environmental Protection Agency 
and Deltalinqs, with a mission to reduce CO2 emissions to 50% of 1990 levels by 2025. The 
RCI has been a member of the Institute since 2010. Deltalinqs is a business organisation 
representing the common interests of more than 200 logistical and industrial companies in the 
Rotterdam area, and through it the RCI has acted as a strategic partner on a number of 
knowledge sharing projects, including the Independent CO2 Storage Assessment (2010-
2011), Rotterdam CCS Network Project Case Study (2011) and Lessons Learned from the 
Barendrecht Project (2010). The team seeks to build on this successful cooperation with the 
Institute and leverage the results of prior work. 

 
� Stichting Borg was established to coordinate preparations for CCS in the North Netherlands 

and focuses primarily on CO2 storage issues and ensuring dialogue with all stakeholders, 
under which Gasunie, NAM, Groningen Seaports, NOM, Energy Valley and EBN, while the 
provinces of Groningen and Drenthe also participate. Stichting Borg joined the enlarged ISA 
Steering Group in mid 2011 lending its support to the RCI’s work and ensuring the 
collaboration between the two regions.  

 
� Antwerp Port Authority is the owner of the industrial area in the Port of Antwerp and the 

representative of the companies in the port of Antwerp 
 

� The Clinton Climate Initiative (CCI) is a Strategic Partner to the Institute since its foundation 
and has been acting as Strategic Advisor to the RCI since 2008. Key examples of this 
partnership include the Pre-Feasibility Study (2008), RCI Report (2009) and the Independent 
CO2 Storage Assessment (2010-2011).   

 
� TNO Geosciences (TNO) is the leading independent research organisation for applied 

science in the Netherlands and has been active in the area of CCS since 1989. TNO 
undertook the preliminary characterisation of several potential storage sites in the Dutch 
Continental Shelf for purposes of the ISA. 

 
� ECOFYS is a leading Dutch consultancy in the field of climate change, with excellent 

knowledge of CO2 transport by pipelines.  
 

� CATO-2 is the Dutch scientific program on CCS, coordinated by TNO. TNO (on behalf of 
CATO) is one of the leading four partners in the ECCO (European Value Chain for CO2) 
project and has been responsible for building some key modules of the ECCO Tool. The 
CATO program incorporates expertise from a large number of organisations, including 
ECOFYS.  
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9 APPENDIX C: ADDITIONAL INFORMATION ON THE ECCO 
TOOL 

The ECCO tool simulates the flow physics of the chain in order to design the infrastructure under 
user-defined criteria, and to calculate which (incremental) investments the storage operator 
needs to do in order to (continue to) meet his contractual obligations. The physical phenomena 
simulated by the ECCO tool include: pipeline physics, compressor physics, CO2 phase 
behaviour, flow through injection platform surface equipment, Vertical Flow Performance in 
injection wells (to calculate the pressure difference between wellhead and bottom of the well), 
semi-steady state inflow from the bottom of the well into the reservoir, and reservoir material 
balance to calculate the gradual build-up of the reservoir pressure and the resulting loss in 
injectivity (whence the need for incremental investments during the injection phase).  
 
For reservoir physics, ECCO tool allows CO2 injection into depleted gas fields (resulting in a mix 
of methane and CO2), injection into aquifers (with its specific pressure build-up characteristics), 
and injection into tail-end oil fields (resulting in Enhanced Oil Recovery, and re-circulation of 
CO2).  
 
For transport, the ECCO tool allows both pipeline and ship transport, and assists the user to 
engineer the appropriate dimensions (pipeline diameter, compressors, ship capacities, terminal 
capacities) and to estimate the associated costs (CAPEX, OPEX).  
 
The calculations of the physics determine both CAPEX (flow capacity) and OPEX (variable costs 
based on actual flow). The ECCO tool allows complex infrastructures and actor ownership 
structures to be defined: the tool is centred along hardware ownerships, hardware infrastructural 
relationships and inter-actor commercial contracts (rights and obligations, CO2 flow rates, 
duration, volumes, tariffs etc.).  
 
Finally, the ECCO tool allows various macro-economic scenarios to be defined, with consistent 
sets of time-series such as commodity prices (steel, electricity, fuel, crude oil, etc.), EUA (the 
‘CO2 price’), inflation rates, interest rates, indices / cost escalators for specific CAPEX and OPEX 
items, exchange rates, etc. 
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