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MANAGING THE TRANSITION OF DEPLETED OIL AND GAS FIELDS TO CO2 
STORAGE 

 
(IEA/CON/23/295) 

 
 

Key Messages 

• One of the advantages of utilising depleted fields as a CO2 storage site includes the 
wealth of data and experience that have been gained in producing the field for 
hydrocarbons.  

• Several current projects where a depleted field is being developed for CO2 storage have 
continuity of the hydrocarbon production operator and subsequent storage operator, 
thereby transferring data and knowledge – however, in the future, this might not be the 
case and it will be critical to the success of a project how the data is stored and accessed. 

• Re-use of infrastructure, although an attractive proposition, is highly site-specific and 
nuanced, and can be dependent on factors such as remaining life, timing of handover, 
conditions of well plugging and abandonments. 

• A depleted field with low pressure places specific challenges due to the pressure and 
temperature differential between the incoming CO2 and reservoir.  

• Cost considerations to developing a depleted field into a CO2 storage site include the 
value of recoverable hydrocarbons; maintenance of installations prior to CO2 storage 
following production, legacy wells workover costs and monitoring; costs to cover 
lower injection rates at early stages of operation; heating the injection stream and 
delayed decommissioning costs. 

• The transfer of assets between a hydrocarbon production operator and storage operator 
is poorly resolved in current regulatory frameworks, and its unclear how 
decommissioning costs and obligations, which are liable to the hydrocarbon asset 
owners, will be transferred. 

• There are remaining challenges in the US in relinquishing mineral rights for CO2 
storage in current CO2-enhanced oil recovery (CO2-EOR) projects should oil prices 
make the site economic in the future. 

 
Background to the Study 

 
Depleted oil and gas (O&G) fields are often perceived to be strong candidates for CO2 storage 
sites and key risks have been overcome as demonstrated by numerous enhanced oil recovery 
(EOR) and pilot sites.  The maturity of many sedimentary basins in terms of oil and gas 
production, coupled with their proximity to large-scale sources of industrial emissions make 
these regions attractive as they are well characterised, have infrastructure in place and re-use as 
CO2 storage sites could delay or defer the need for decommissioning. Storage resources in 
hydrocarbon fields are estimated at hundreds of gigatons1. 

A smooth transition from hydrocarbon production to CO2 storage requires alignment on many 
levels. For example, to reuse a field and its facilities, arrangements for storage should be 
initiated before regulatory rules require their removal; maintaining (unused) facilities for 
extended periods of time is often not feasible or permissible. At a technical level, challenges 
exist around the evaluation of the suitability of a depleted field for CO2 storage, when a new 

 
1 CSRC, CO2 Storage Resources Catalogue (2022), Cycle 3 report, https://www.ogci.com/wp-
content/uploads/2023/04/CSRC_Cycle_3_Main_Report_Final.pdf. 
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operator needs to assemble data and knowledge about the field and, for example, the wells. The 
availability of such data, especially when a field has been abandoned, is likely to be highly 
country-dependent.  

Scope of Work 

This work aims to provide a careful and thorough exploration of the major issues involved in 
the transfer of use of a field from hydrocarbon extraction to CO2 storage, to identify both the 
pros and cons of such a transition.  Exploring the technical, economic, regulatory, and 
commercial factors that need to be navigated. Case studies are included, and recommendations 
are made on ways to overcome barriers and maximise opportunities. 

The following case studies have been included to demonstrate the challenges and opportunities 
of preparing a depleted hydrocarbon field for CO2 storage. The Porthos project in the 
Netherlands gives insight into the technical implementation of injecting CO2 from a high-
pressure transport line into a low-pressure depleted gas field. The Mid-West Clean Energy 
project in Australia is described where a storage project is planned in a depleted oil field. A 
description of the regulatory situation regarding the transition from CO2-EOR to dedicated 
storage of CO2 in North Dakota is provided.  Lastly the ROAD project, in the Netherlands, is 
used to demonstrate some of the complexities of commercial considerations. In addition to the 
case studies and literature reviews, interviews were held with several storage operators 
(Wintershall DEA CMS, Eni, and Taqa) to strengthen the conclusions of the report.  

Findings of the Study 

Technical Aspects 

Geological storage in depleted oil and gas fields has a TRL of 5-8, with only a limited number 
of pilot and demonstration projects utilising oil and gas fields for CO2 storage. Several storage 
projects are being developed in depleted fields in Europe, mostly in depleted gas fields (Table 
1). In the USA, CO2 storage in depleted oil fields is emerging, as is dedicated storage 
concomitant with oil production.  

Advantages of depleted fields that render them attractive as CO2 storage sites include: a 
potential wealth of data from exploration and production periods, including experienced 
personnel; a proven reservoir and prior containment of the hydrocarbon resource; and the 
potential to reuse wells and other infrastructure. Disadvantages or challenges include: a 
reservoir at low pressure following hydrocarbon production, the pressure discrepancy between 
the arrival of CO2 at the wellhead and the conditions in the reservoir which need to be bridged 
to avoid unsafe conditions in the storage system; legacy wells, whereby plugged and abandoned 
wells may have been abandoned under different regulations and their integrity needs to be 
validated; the re-use of facilities which may add extra cost than new build; and abandonment.  

Table 1: Selected CCS projects developing depleted fields for storage. All projects are operated as joint 
ventures (JV), it is noted only where considered relevant here. 

Project Production operator Storage operator 
Snøhvit – offshore gas field (NO) Equinor Equinor 
Goldeneye – offshore gas field (UK) Shell Shell 
ROAD – offshore gas field (NL)2 Taqa  ROAD; Taqa involved in storage 

project development 
Porthos – offshore P18 gas fields (NL) Taqa Porthos; Taqa involved in storage 

project development 
Offshore K14 gas field (NL) NAM, in JV, (NAM is partly 

Shell owned) 
Shell, in JV 

 
2 Note that the ROAD project has been superseded by the Porthos project 
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Offshore L4 gas field (NL) TotalEnergies  TotalEnergies 
HyNet – offshore gas fields (UK) Eni  Eni 
Ravenna CCS – offshore gas field (IT) Eni Eni, in JV with SNAM 
Viking – offshore gas fields (UK) ConocoPhillips, in JV with BP Harbour Energy, in JV with BP 
Greensand – offshore oil fields (DK) DONG, in JV with Wintershall 

DEA 
INEOS, in JV, with WDEA 

Bifrost – offshore gas fields (DK) TotalEnergies, in JV Bifrost JV, with TotalEnergies 
Prinos – offshore oil field (GR) Energean Energean 
Donghae – offshore gas field (South 
Korea) 

KNOC KNOC 

Mid-West Clean Energy Project (Cliff 
head CO2 Storage project) offshore oil 
field (AUS) 

Triangle Energy (Operations) 
Pty Ltd – 50% owned by Pilot 
Energy Limited 

Triangle Energy (Operations) Pty 
Ltd – 100% owned by Pilot 
Energy Limited 

 

Injection into depleted hydrocarbon fields 

One of the major technical considerations of injection into a depleted O&G field is the contrast 
in temperature and pressure conditions from the transport system (pipeline or ship) to the 
wellbore and into the reservoir (low pressure and relatively high temperature). This can cause 
significant Joule-Thomson cooling with potential impacts such as differential shrinkage and 
thermal fracturing of the well casing, cement, or reservoir rock system, and if water is present, 
ice, hydrates and salt may form. This study explores the subject of injection into low-pressure 
reservoirs and hydrate formation and salt precipitation risks and presents these as additional 
text boxes.  

When the reservoir pressure is low, the operation of wells needs to be performed in two-phase 
flow. In two-phase injection, the pressure and temperature are coupled at the phase boundary 
between gas and liquid. Low pressure at the wellhead, downstream of the choke leads to very 
low temperatures. The temperature of CO2 in the wells and reservoir is more strongly 
determined by the phase boundary than by Joules-Thompson cooling. The downhole 
temperature tends to be determined by either the presence of two-phase conditions or the 
isenthalpic compression from the wellhead to downhole. The temperature limits for the 
wellhead are related to material specifications, avoiding freezing of annulus fluids and 
subsurface safety valve (SSSV) operation; limits for the bottom hole are mainly determined by 
hydrate formation conditions – these limits define a desirable operating envelope. Several 
options to avoid low wellhead temperature include: heating the fluid before injection (energy 
requirements are often prohibitive or unavailable); insulating the pipeline; injecting at a 
constant rate or the addition of downhole chokes. 

At low temperatures water and CO2 can result in hydrate formation, the pressure and 
temperature at which they form depends on the gas composition. Impurities in the CO2 stream 
will typically move the hydrate formation conditions towards higher temperatures, whereas the 
salinity of the brine shifts the hydrate phase curve towards lower temperatures. An area of 
uncertainty in low-temperature injection is to what extent pore space is blocked and injectivity 
affected. Current reservoir simulators have limited capabilities in modelling the risks of near-
well processes on storage operations, especially in regard to hydrate formation. The ACT3-
RETURN project3, a European multidisciplinary project, is currently investigating the effects 
of strong cooling and phase changes of the CO2 during injection into depleted O&G reservoirs, 
and how this affects the near-well region and well integrity. 

 
3 Cerasi P, Huiskes T, de Borst K, Opedal N. Todorovic J, Wollenweber J, Amro M, Bartosek M, 2022. 
RETURN – re-use of depleted oil and gas fields for CO2 sequestration, a new ACT project. Proc. 16th 
Greenhouse Gas Control Tech Conf (GHGT-16), 11pp. 
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Depleted field development for storage 

High-level risks of loss of containment are the same for depleted fields and saline formations 
although their magnitude may differ: these include leakage along wells and faults, plume 
migration and loss of integrity of the caprock. As mentioned, the reuse of a depleted field 
requires a detailed analysis of the conditions of the CO2 in the transport system, injection wells 
and reservoir. The operator will need a detailed understanding of the reservoir and seal rock 
geomechanics and stress regime and the impact of the pressure moving from initial pressure to 
depleted pressure and then reflated. The injection of CO2 may have an impact on adjacent 
producing fields, prospects or storage prospects depending on pressure communication. The 
injection of CO2 for permanent storage is fundamentally different from reversing the flow 
direction of a hydrocarbon operation, therefore care must be undertaken when using the data 
from production to assess risks and requires a thorough understanding of the processes 
involved. 

Storage capacity in a depleted field has a relatively high level of certainty, with production 
volume determining capacity in a closed compartment with little to no aquifer support and 
economic factors may influence capacity in a field with significant aquifer drive. 

The caprock that has contained hydrocarbons over millennia needs to be tested as suitable for 
sealing CO2, although the presence of a gas cap can provide assurance. Testing needs to account 
for the intended final pressure of the reservoir whether it is to be brought back to initial pressure, 
above hydrostatic, and is a key element in the risk of loss of containment. Any assessments 
need to account for possible leakage of hydrocarbons and brine in addition to CO2 and the 
integrity of legacy wells requires detailed attention. 

The potential for re-use of facilities, such as platforms and wells, is an attractive feature of 
depleted fields but also requires site-specific evaluation. Ideally, evaluation would take place 
early in the planning stage of decommissioning to avoid additional costs and integrity issues, 
but this is not guaranteed. The highest risks of loss of containment are associated with wells, 
both legacy and new-build wells, which represent punctures through the caprock. Some fields 
have wells that have been plugged and abandoned, e.g., early exploration wells. This may have 
been done in a period with different regulations than the present day for abandoning wells. If 
such wells are expected to come into contact with CO2 during or after injection, revisiting these 
wells may be required. In an onshore environment, re-entering the wells may be possible; and 
the cost of locating and re-entering abandoned offshore wells may be high. 

The REX-CO2 project4 concluded that existing wells will likely require workover and 
recompletion, with replacement of primary barrier elements before they can be qualified for 
future reuse. Irretrievable secondary barrier elements that cannot be replaced will require 
verification through logging and/or other integrity testing. The most common issues are related 
to incompatible completion, unknown corrosion status, unknown structural integrity when 
subjected to new expected loads, and in some cases unknown or imperfect status of the cement 
sheath. 

The Align CCUS5 project proposed the following criteria for evaluating the re-use of existing 
wells: the location of infrastructure relative to sites with sufficient CO2 storage capacity; 
timeline of availability for re-use after cessation of production and before decommissioning; 

 
4 Koning M, Dudu A, Opedal N, Pawar R, Rycroft L, Williams J, Zikovic V, 2022. Final report REX-
CO2 project, Deliverable 1.7, 42p 
5 Gazendam, Joris, Martha Roggenkamp Deliverable (2020). Legal aspects of reuse of offshore 
hydrocarbon infrastructure for CCS. ALIGN CCUS Deliverable D3.3.4, 60p. 
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remaining lifespan of infrastructure; transport capacity/weight capacity; compatibility of 
materials; integrity of wells; and operating pressure.   

A mixed method of approaches regarding the reuse of facilities on projects currently in 
development shows that a variety of options have been taken: 

• Re-use of wells (e.g. Porthos, Cliff Head, Prinos, an option at Bifrost, Acorn), 
• Side-track existing wells (e.g. Liverpool Bay), or  
• Drill new wells (offshore Netherlands, Greensand, Acorn).  
• Repurposing pipes-lines (e.g. Acorn, Bifrost, and Cliff Head) and  
• Repurposing platforms (e.g. Porthos, Liverpool Bay, Greensand, Bifrost, Ravennna, 

and Cliff Head). 

A risk-based monitoring plan will aim to: prove the safety and integrity of the storage complex; 
detect deviations from the expected behaviour of the CO2 in the subsurface; prove the 
effectiveness of corrective measures; provide information for site closure and inform 
stakeholders. Monitoring plans as well as being site-specific need to be sufficient, balancing 
cost with coverage. Key factors in monitoring depleted fields include the challenge of using 
seismic to monitor the plume and the need to monitor pressure to keep injection within 
operational safety limits. Seismic might be used as a last resort to verify migration out of the 
storage complex. Monitoring pressure can be problematic when conditions in the well and 
reservoir approach the two-phase region. For example, the down-hole pressure gauge may be 
located at a distance from the perforations whereas the phase transition may be located between 
the gauge and reservoir and thus readings will be insensitive to the reservoir pressure.  

Monitoring of legacy wells, which pose a leakage risk, is complex and challenging – especially 
depending on the integrity and status of the barriers - and can be further complicated because 
of the lower density difference and mixing between CO2 and hydrocarbons (than CO2 and 
water). To ensure containment, pressure might be limited to hydrostatic rather than initial 
pressure. It is expected that monitoring plans will evolve and become more efficient as 
experience grows and effectiveness is assessed. 

Several aspects of pipeline re-use to consider include pipeline operating conditions, pipeline 
status (active, inactive) and whether re-use is possible or new construction necessary. This 
might include a lower inlet pressure in a natural gas pipeline resulting in CO2 being transported 
in the gas phase. Another consideration is the risk of over-pressure in offshore pipelines due to 
the higher density of supercritical CO2 (than natural gas) and the change in elevation from 
source to sink. Pipeline age and expected lifetimes are specific and need to be factored in with 
intended use. Shore crossings can be re-used with existing pipelines but new applications made 
with new pipelines. DNV has published guidelines on the re-use of infrastructure6. 

CO2 specifications are pertinent to both depleted fields and saline formations and is a key topic 
that needs to be resolved, with no consensus among CCS projects on the required purity, with 
early CCS projects setting their own specifications.  

CO2-EOR is well established as a means of maximising oil recovery, particularly in the US 
where over 143 projects are in operation, but with less than 20% of the CO2 supplied from 
industrial sources. The storage of CO2 is co-incidental, however up to 50Gt could be stored by 
current CO2-EOR projects by 2050 and could be eligible for tax credits. Enhanced gas recovery 

 
6DNV, Safely re-using infrastructure for CO2 transport and storage, 2022, 

https://www.dnv.com/Publications/safely-re-using-infrastructure-for-co2-transport-and-storage-
229979. 
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(EGR) has been the subject of several pilot studies, but no commercial-scale projects have yet 
been realised. A possible scenario is to start CO2 injection during late-stage gas production to 
increase reservoir pressure and produce some of the residual gas with the cash flow supporting 
the storage operation. This adds complications and risks, such as handling multiple gas streams, 
the lifetime of combined storage is likely to be short, and storage and hydrocarbon production 
activities might be located in different legal entities and income streams might not cross over. 

Closure, decommissioning and handover of a CO2 injection site is regulated by law, in most 
countries. In the EU, the CCS Directive 2009/31/EC prescribes post-closure and post-handover 
monitoring periods of 20 and 30 years, respectively. These potentially long post-closure periods 
of continued responsibility for the storage site represent a challenge to storage developers. 
There is no experience with the required period for a storage site to reach a state at which both 
operator and regulator agree that handover of responsibility can be done, nor is there evidence 
yet suggesting that post-closure and/or post-handover periods are different for depleted fields 
than for saline formations.  

Economic considerations 

Re-using depleted hydrocarbon reservoirs may result in the following economic considerations:  

• the value of recoverable hydrocarbons in the case where storage operations start 
before the Cessation of Production (CoP), either where production has ceased or in 
the case of EOR or EGR whereby CO2 removal of produced hydrocarbons is 
necessary);  

• investments and operational costs to maintain installations where there is a time 
gap between CoP and storage;  

• facilities required to manage variations in CO2 supply rates; 
• the presence of legacy wells and workover costs for requalification;  
• costs to cover lower injection rates required at the early stage of operation in 

pressure-depleted reservoirs;  
• changing the operational window of wells and reservoir as the reservoir pressure 

increases during the lifetime of the storage project; 
• capital and operating cost of heating of the injection stream;  
• monitoring of legacy wells;  
• and extra expenditure related to delayed decommissioning costs.   

Re-use of facilities and infrastructure 

An IEAGHG study7 illustrated the attractiveness of using depleted fields for CO2 storage in 
terms of estimating the potential cost benefit of re-using fields and facilities. However, re-use 
brings challenges, with wells, platforms, and pipelines involving costs to remediate and/or 
modify. Remaining service life is an important factor and requirements for plugging and 
abandoning wells have become more stringent over time, so the age of legacy wells is also a 
factor. Re-use of infrastructure needs to be carefully evaluated and is site-specific. Examples 
are given from Porthos, HyNet, Viking, Hewett and ACORN. 

The timing and nature of a transition are influenced by many factors which the include timing 
of CoP which has economic consequences and may be market-dependent. Mothballing of 
infrastructure may be necessary if there is a time gap between CoP and CO2 storage. Production 
licences may have terms which delay the CoP unless negotiations can be made to inject CO2 
into the water leg during production. Operators are required to decommission facilities and 

 
7 IEAGHG, 2022. Criteria for Depleted Reservoirs to be Developed for CO2 Storage, January 2022. 



 

7 
 

abandon wells directly after CoP which can limit the opportunity to re-use infrastructure unless 
the transfer of assets is specified between operators.  

Field Data 

One of the primary advantages a hydrocarbon field has over a saline reservoir is the rich data 
sets available for appraisal, including seismic surveys, well data, core, and production history, 
which could shorten development timelines by 2 to 4 years and reduce costs. The transfer of 
data and licences is common practice between operators, however, there may be reasons for the 
reluctance to share data if there are concerns over competition for a storage licence, although 
many current projects are being developed by the same operator. Of greater concern is the 
potential loss of data and experience for fields that have been abandoned and there is a 
significant time lag between redevelopment as a CO2 storage site, whereby operators and 
experienced personnel move on or cease to exist.  

Table 1 shows a selection of currently developing CO2 projects using depleted fields for storage. 
In all cases, gas or oil was produced by a joint venture (JV) and at least one of the production 
JV partners is in the JV for the storage of CO2. This ensures the flow of data, knowledge and 
experience from the production phase to the storage project. 

Modelling needs to be fit for purpose and reflect the status of the reservoir given that there may 
be time since production, requiring updating of models. Static models will need to consider the 
size of the storage complex vs the production model and the relevant overburden requiring re-
interpretation of well data and seismic.  

Delay of decommissioning, mothballing and hibernation 

Mothballing occurs when operation is stopped and includes safeguarding, cleaning, removal of 
obsolete equipment and conservation. Hibernation follows where operation costs are reduced 
to a minimum whilst future plans are agreed upon. Capital expenditure (CAPEX) for an 
offshore platform would be ~10% of the platform abandonment costs, for a typical scenario in 
the Dutch offshore mothballing and hibernation would be about 3-5% of the total transport and 
storage system. The maximum duration of hibernation in one study was ~10 years as the costs 
of requalifying installations may be too high. 

Avoiding decommissioning following production may be another driver to re-use depleted 
fields, certainly from a business case. This was recognised as a benefit in the ROAD project, 
although difficult to quantify, although some estimates are ~15% of the total CAPEX. 

Regulatory Considerations 

This section covers permitting CO2 storage, safeguarding and handover of field data to the 
storage operator, current regulations regarding enhanced recovery, re-use of production 
facilities, and the transfer and mothballing of assets and decommissioning. A database of laws 
and regulations that support a framework for CCUS development is maintained by the IEA8 
covering North America, the EU, the UK, Norway and Australia. 

Permitting 

Storage permit applications tread a fine balance between the level of detail the competent 
authorities wish to see and the detail an operator can provide, it is anticipated that clarity will 
emerge in industry-recommended practice following the first wave of licences which will then 
support subsequent projects.  

 
8 https://www.iea.org/data-and-statistics/data-tools/ccus-legal-and-regulatory-database 
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Examples of evolving storage permit applications are the ROAD and Porthos projects in the 
Netherlands, the ROAD project was the first application submitted (2011) under the CCS 
Directive and was awarded in 2013; Porthos took over after ROAD was cancelled in 2017 and 
due to changing societal views the government required substantially more analysis, especially 
on the risk of induced seismicity. 

Field Data: 

Access to valuable field data and experience, should there be a delay in re-using fields, is a 
concern. A national data repository is one way to mitigate data loss and would for example 
respond to the requirements outlined in the EU’s Net Zero Industry Act (NZIA). A list of data 
that should be collected as a minimum should be created, and these data stored as part of the 
decommissioning process. 

Enhanced hydrocarbon production and CO2 storage 

Regulations for conventional CO2-EOR and pure CO2 storage are reasonably well developed, 
whereas this is not the case for transitional combined projects – these are still in development. 
The working group ISO TC 265 is developing a technical report on the transition from EOR to 
storage to be published shortly, with a focus on potential technical, policy, and regulatory 
barriers.  

In Europe, enhanced recovery is not explicitly addressed by the EU CCS Directive. Combined 
enhanced recovery of hydrocarbons and CO2 storage is expected to be addressed in the updated 
Guidance Documents (due to be published in 2024), these are non-binding clarifications of the 
Directive. This may take the form of allowing enhanced recovery if CO2 storage is the primary 
goal of the combined activity and the CO2 stored should exceed the life-cycle emissions of the 
operations, including the combustion of the incremental production. Clarification and 
transparency of accounting is still needed. Funding requirements for many streams of funding 
in the EU prohibit enhanced production and may present a barrier to these projects. 

In the US, CO2-EOR has been ongoing for decades e.g. in the Permian Basin. The type of 
permit9 required for CO2-EOR (class II) and CO2 storage (class VI) differ and transfer from 
conventional CO2-EOR to CO2-EOR with storage is complicated due to different regulation, 
ownership and operator mindsets. This is further explained in the case study on the transition 
from CO2-EOR to dedicated storage in North Dakota. 

Well abandonment 

Regulations pertaining to the appropriate abandonment of wells prior to and following CO2 
storage are not mature in many countries. Industry best practices for well decommissioning are 
emerging10, but not regulated. Where guidance from authorities is lacking, abandonment of 
legacy wells is up for interpretation. The UK government is working on a CCS abandonment 
strategy which accepts a limited amount (ALARP) of leakage through the legacy wells, which 
could be a useful and practical way forward. 

Facilities re-use 

Guidelines for the assessment of re-use of hydrocarbon production facilities are yet to be 
developed in most countries, with the experience from the first wave of projects potentially 
feeding into such guidelines. Current regulations for the hydrocarbon production operator to 

 
9 https://www.epa.gov/ghgreporting/subpart-rr-geologic-sequestration-carbon-dioxide 
10OEUK, 2022. OEUK Well Decommissioning for CO2 Storage Guidelines 

https://oeuk.org.uk/product/oeuk-well-decommissioning-for-co2-storage-guidelines/.  
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remove facilities at the end of production may not consider any future use which might 
significantly alter the procedure employed.  Should there be an asset transfer, payments for 
assets need to be reimbursed and also for future decommissioning costs, with full access to 
information for the future storage operator to access.  JV partners need to be informed and have 
to agree to return a production licence or continue as partners in the new project, likewise, a 
transparent process is necessary should a third party wish to take on a CSS licence. One 
recommendation to prevent a hydrocarbon operator from blocking a licence would be to 
annually publish their plans for CO2 storage for every field suitable for CO2 storage.  

The following priorities for a strategy to promote the reuse of infrastructure have been defined: 
implement an approach to identify existing infrastructure with re-use potential and aligned 
integrated planning; deal with the potential time gap between the end of production and start of 
CO2 injection including the need for maintenance; and to manage decommissioning liabilities. 
The Bifrost project has demonstrated the potential to gradually convert the Harald platform 
from production to injection. 

Overview of legislation for re-use in selected countries 

Not all countries have clear regulations on the re-use of wells or other infrastructure in CO2 
storage operations, the most advanced are the UK, Norway, Australia, and the US. France, the 
Netherlands, and Romania do not have specific regulations and standards for CO2 wells or re-
use of wells. Decommissioning is a key challenge, especially pertinent is the consideration of 
reuse and potential postponement of decommissioning as decommissioning of production 
infrastructure is often a requirement with a certain timeframe after CoP. The following selected 
countries have been used to give an overview of legislation on the reuse of fields and 
infrastructure: France; the Netherlands; Norway; Romania; the UK; and the US with a case 
study on the Q16-Mass field. 

Transfer of assets, decommissioning 

Whereas transfer of assets between hydrocarbon operators is generally permitted and specific 
procedures exist, transfer to a storage operator is an issue poorly resolved in current regulatory 
frameworks. Table 2 shows the regulatory status for a selection of countries. It’s unclear how 
decommissioning costs and obligations, which are liable to the hydrocarbon asset owners, will 
be transferred if there is re-use.  

Table 2 Regulatory and legal aspects for transitioning to CO2 storage for selected countries11  

Country France Netherlands Norway Romania UK USA 
Permit/procedure to re-use 
hydrocarbon well for CO2 
storage 

None Existing None None Existing Existing 

Safety standards for CO2 
storage wells 

Unknown Unknown Existing Unknown Existing Existing 

Permit/procedure for the 
transfer of permits/assets 
between hydrocarbon licence 
holders (related to hydrocarbon 
operations) 

Existing Existing Existing Existing Existing Existing 

Permit/procedure for transfer of 
assets (wells) from 

None Proposed None None Proposed Existing 

 
11 Dudu, A.C., Wildenborg, T., Pagnier, P., Grimstad, A.A., Kvassnes Rajesh Pawar, A.J.S., & 
Williams, J., (2021) Comparative analysis of regulatory frameworks, REX-CO2 D6.2 
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hydrocarbon operation to 
storage operation 
Procedure for transfer of CO2 
storage assets and fields to the 
state 

Existing Existing Existing Existing Existing Known/var
ies 

 

Three scenarios of transfer of ownership are defined in the Align CCUS project 5: 

• Storage licence awarded during production. 
• Licence awarded directly after production ceases 
• CO2 storage starts several years after CoP.  

In the first situation, one party could hold both licences, whereas in the second scenario, it is 
more likely that different parties hold the production and storage licences. In both situations 
assets and financial reservations for decommissioning need to be transferred. The third scenario 
is the most challenging with two possible avenues to resolve issues arising. Firstly, the 
production licence is extended beyond the end of production and before injection, with approval 
not to decommission infrastructure during this extension period. Alternatively, an interim 
operator or ‘operator of last resort’ could be introduced who is responsible for the maintenance 
of the installation between the end of production and the start of injection. This requires more 
extensive legislative action. 

ZEP (2022) also identifies three cases for transition with recommendations12: 

• Operator stops production in the licence area – ideally the operator and partners would 
report on intentions and the competent authority would decide on liabilities of asset and 
licence holders and a clear pathway to access information. 

• Operator continues and intends to store CO2 in the current licence area, JV partners are 
invited to join or resign. In case of competition, a transparent licence-granting process 
would be required. 

• The operator blocks a licence because they have no clear priority in the storage 
application process. A solution would be to request that production licence holders 
annually report on both their plans for CO2 storage and CoP dates.  

Clarity on the transfer of liabilities with the handover of assets from the production operator to 
the storage operator would be very helpful for making contractual agreements, though they 
might be overruled by private law. Change of ownership of existing infrastructure is permitted 
in Norway, but the original owner will maintain secondary liability for decommissioning of the 
infrastructure at ownership change. Transferring ownership of plugged but not abandoned wells 
requires parties to seek a new license and transfer of liabilities13. Operators in the Dutch 
offshore pose that it needs to be ascertained that no liabilities will be left with the producer (last 
known operator) after the transfer of the assets to the storage operator. The liability of wells put 
into hibernation is discussed.  

The financial responsibility, e.g. in case of bankruptcy, is covered by insurance. In the North 
Sea, when the current CO2 storage operator of an infrastructure cannot fulfil the 
decommissioning obligations, the competent authorities can impose the obligations on previous 
owners. This could discourage hydrocarbon operators from considering re-use for CO2 storage 
projects, as they could be liable when the CO2 storage operator fails to meet decommission 

 
12 ZEP, Zero Emissions Platform, (2022) Experience in developing CO2 storage under the Directive on 
the geological storage of carbon dioxide.  
13 Dudu AC, Rycroft L, Muriel T, Grimstad A-A, Pawar R, Williams J, 2020. Report on the assessment 
of policy, legal and environmental framework in participating countries, REX-CO2 Deliverable D6.1 
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obligations. In the US, the current owner is always liable and is expected to be aware of the 
status of the infrastructure. When the operator is bankrupt or in financial difficulty, then the 
insurance covers these expenses14. 

Commercial Considerations 

Concerning the commercial considerations the study has drawn from the ROAD project as an 
example. Generally, there is a much lower rate of return for a CCS project than hydrocarbon 
production, and these returns can be capped when linked to a government subsidy scheme – so 
greater incentives are required to encourage hydrocarbon operators to get involved. Storage 
capacity can be viewed as a competitive asset and sharing data might be perceived as risking 
losing knowledge.  

Commercial framework proposed in the ROAD CCS project 

The ROAD CCS demonstration project, 2010-2017, reached an advanced development stage. 
Although it did not progress, it resulted in important lessons for future CCS projects and in 
particular the use of depleted hydrocarbon reservoirs. In this case, the production operator was 
not interested in developing CO2 storage and required a commercial incentive to use their 
facilities and licence area, requiring the storage licence to be transferred to a storage operator 
as soon as hydrocarbon production ceased. 

The two main contractual parties were: the Maasvlakte CCS Project (MCP), the ROAD legal 
entity; and the Offshore Group, comprising the Platform Group (the platform owners) and the 
P18-4 Group (production licence owners and the applicant of the CO2 storage licence).  Note 
the platform was planned to be shared with ongoing hydrocarbon production and CO2 storage 
in different reservoirs. 

Cost items identified included: 

• Direct costs for construction and decommissioning of the platform modification 
according to normal industry standards, passed on as a direct charge. 

• Common facility costs for operating and maintaining the platform according to the 
value of the fluid handled. Cost sharing was agreed between production and storage 
dependent on the number of wells used, and updated as changes occur. 

• Risk management costs are handled according to standard industry practice for shared 
facilities. 

With rewards for the Offshore Group which also included: 

• The benefit of delaying decommissioning. 
• The inclusion of a commercial tariff for keeping the facility available. 
• Payment per tonne of CO2 linked to the CO2 price. 

The report also outlines the five main agreements that were established between the parties (and 
detailed in Wildenborg et al., 2018) that covered construction, operation, and 
decommissioning15.  

 
14 Grimstad, A., Pagnier, P., Pawar, R., Rycroft, L., Wildenborg, T., Pearce J., Williams, J., (2021) 
Recommendations for Improvement of Legal and Environmental Framework, REX-CO2 D6.3 
15 Wildenborg, T., Logan Brunner, Andy Read, Filip Neele, Marc Kombrink (2018) Close-Out Report 
on CO2 Storage (P18-4 and Q16-Maas) – Rotterdam Opslag en Afvang Demonstratieproject, 100p. 
https://www.globalccsinstitute.com/wp-content/uploads/2019/09/ROAD-Close-Out-Report-on-CO2-
Storage-final.pdf 
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Residual hydrocarbons 

Residual hydrocarbon volume in a reservoir represents a potential commercial value that needs 
to be agreed on between the production operator and storage operator and its market price can 
be volatile. These negotiations can be lengthy even if these are subsidiaries of the same 
company. However, operators planning CO2 storage projects should ideally organise these 
activities in a separate legal entity. Costs, risks and benefits are then isolated from hydrocarbon 
production. In an analysis of types of contracts for integrated CO2-EOR projects16, it was shown 
that an indexed price for CO2 per tonne (in this case as a % of the oil price) was more attractive 
than a fixed price and the risk of future variations of the oil price is distributed better between 
the two companies with optimal contingent decision making on changing the capture rate and 
injection rate. 

Case Studies  

Porthos, the Netherlands 

Porthos is a collaboration of the Dutch state shareholdings Port of Rotterdam, Gasunie and 
EBN, where CO2 from industry in the Port of Rotterdam is transported and stored in depleted 
gas fields (P18-2 and 18-4) 20 km offshore Rotterdam. Up to 10 collection entry ports will 
allow for up to 10 Mtpa capacity. Current customers Air Liquid, Air Products, Exxon Mobil 
and Shell will capture ~2.5 Mtpa for 15 years. Final investment decision (FID) was taken in 
October 2023 and ongoing work is focussed on permit procedures, technical details, contracting 
contractors and purchasing system components – with operation in view for 2026. The 
Netherlands is well suited for CCS with a concentration of emitters close to the coast, depleted 
hydrocarbon fields at the end of their economic life, and potential for re-use of existing 
infrastructure and transport options (pipelines and shipping corridors).  

Mayor learnings from Porthos include: 

• The identification of the main risks for system safety and implementation of measures 
to ensure CO2 storage safely. 

• Obtaining permits for storage in CO2-depleted gas reservoirs based on solid technical 
work to substantiate injection and monitoring plans. 

• Successfully matched CO2 emitters and storage providers. 

The case study elaborates on the following areas of concern: the composition of the source 
stream; the geological field selection; well integrity; proper operating conditions; and 
monitoring. Operating procedures are carefully planned to mitigate operational risks.  

The Mid West Clean Energy Project, Australia 

The Mid-West Clean Energy Project (MWCEP), Pilot Energy Ltd, aims to develop an 
integrated CO2 storage service (at the Cliff Head oil field) and produce clean ammonia 
leveraging existing oil and gas infrastructure and renewable energy resources. In the pre-
FEED/FEED (front-end engineering & design) stage, CO2 storage is anticipated to commence 
in 2026 and blue ammonia production from 2028. 

The CO2 storage formation will be in the Cliff Head oil field which started production in 2007 
and has 17 years of operational data and existing assets of pipelines and onshore infrastructure. 
Onshore, supercritical CO2 will be transported to Cliff Head, an unmanned offshore platform, 
via conversion of the existing oil production pipeline to a CO2 pipeline. CO2 will be aggregated 

 
16 Agarwal, A., & Parsons, J. (2011) Commercial Structures for Integrated CCS-EOR projects, Energy 
Procedia, 4, 5786-5793 
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onshore at the onshore Arrowsmith Stabilisation Plant (ASP) from multiple third-party sources 
and MWCEP clean hydrogen & ammonia plant.  

Installation of offshore mooring infrastructure for direct offshore liquified CO2 receipt and 
injection as well as the export of ammonia is being considered for the Project. CO2 received via 
the offshore jettyless terminal will be integrated into, and managed by, the same infrastructure 
that handles CO2 which the Project receives from onshore sources. 

Pilot plans are to re-purpose legacy wells for either injection, pressure management or plume 
monitoring. As the existing owner of Cliff Head oil-producing assets and the proponent of the 
CO2 storage project, data availability has not been an issue for Pilot. Up to ~100 Mt storage 
capacity has been identified with up to 5 Mtpa CO2 injection capacity.   

A technical advantage of this project is the extended injection and production history of rate 
and pressure which has been maintained close to the original reservoir pressure during 
production with re-injection of produced water. This results in limited changes to the subsurface 
stress regime, reducing risks of fault re-activation during CO2 injection. 

Pilot has undertaken a review of its oil resources to determine to optimal timing for closure and 
the planned operational commencement for CO2 storage reflects this timeframe. The report 
outlines the regulatory process that this project is undertaking as one of the first Australian 
projects to test the legislation in Australia, and the commercial model. The business model is 
still in discussion with both domestic and international customers.  

Conclusions and Recommendations 

The study presents an analysis of the transition of depleted hydrocarbon fields to storage of 
CO2, the challenges identified in this report are summarised below in Table 3 and are not 
insurmountable to reach FID but could be streamlined to make this type of storage more 
attractive, more efficient, and less costly. 

Many of the challenges identified in the table are expected to be resolved by the operators of 
the first wave of projects that will build a body of experience and operational evidence that will 
form industry best practices. This includes the injection of CO2 from high-pressure transport 
systems into low-pressure reservoirs, the conversion of production wells or other storage for 
storage and the definition of suitable and sufficient monitoring systems. Knowledge sharing 
among CO2 transport and storage projects will be essential for making full use of the experience 
gained by early projects and speeding up the development of sufficient storage capacity 
combined with building up the knowledge of competent authorities (see areas in blue on Table 
3) who will have to understand the technical issues underlying the best practices to be able to 
accept them for example for storage licence applications.  
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Table 3: Summary of challenges identified in the transition from production to storage in depleted 
hydrocarbon fields. In the column ‘Way forward’ coloured fonts indicate the stakeholder group who are 
expected to take the initiative for resolving the issues is expected: industry (black), governments (blue), 
or the R&D community (green). 

Topic Challenge, issue Way forward 

Availability of data from 
production period for 
permit application 
 

Availability and accessibility of 
subsurface data after abandonment 
of field, or after cessation of 
production 

Set up data repository at country 
level 

Adapting hydrocarbon production 
workflows to CO2 injection Develop industry best practices 

Risk assessment for 
permit application 

Find appropriate level of detail in 
the analysis of risks, e.g. related to 
existing wells 

Develop industry best practices 

Define metrics in permit 
application requirements 
coherent with scientific and 
engineering knowledge base 

Re-use production 
facilities 

Balance risk profile and 
requalification of production 
facilities with cost savings 

Develop industry best practices 

Regulations and standards for re-
use 

Develop policy and regulatory 
basis for the re-use of production 
assets for storage adjusted to 
current decommissioning rules 

Design injection 
scenarios 

Manage conditions of CO2 during 
injection to minimise operational 
and containment risks 

Develop industry best practices 

Set up storage license 
application 

Find appropriate level of detail in 
license application 

Develop industry best practices 

Define metrics in permit 
application requirements 
coherent with scientific and 
engineering knowledge base 

Transport Define CO2 specifications for entire 
CCS chain 

Continue knowledge 
development on the impact of 
impurities on transport risk level; 
set industry standard 

Monitoring Set up site specific, adequate 
monitoring system 

Develop industry best practices 

Define metrics in permit 
application requirements 
coherent with scientific and 
engineering knowledge base 

Enhanced hydrocarbon 
recovery as an initial 
phase of dedicated 
storage operations 

Approve projects transitioning from 
conventional CO2-EOR to CO2-
EOR with storage 

Develop policy and regulations 
to enable combined storage and 
tail-end production, to support 
the transition from production to 
dedicated storage 

Mothballing 
(suspending) production 
facilities 

Liability, responsibility during 
suspension period 

Perform study to investigate cost, 
risk and scale of probable re-use 

Governments to step in in 
specific cases of key 
infrastructure or facilities 
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Expert Review 

Five experts in their field peer-reviewed this work, all their comments have now been addressed 
and incorporated into the revised report. 

One reviewer felt the report addressed the broad scope of the brief and is a useful read, 
particularly for those unfamiliar with the specific considerations for depleted field storage.  

Another reviewer felt it held some useful updates and summaries of recent work, in particular 
several case studies and the various summaries of new work on flow assurance, hydrates, and 
management of very low-pressure reservoirs. The comparison of status on various components 
of the transition of depleted oil and gas field to CO2 storage in different jurisdictions are also 
informative, showing the general immaturity of policy and regulations for handing the 
transition. 

Perhaps too heavily weighted towards the benefits and didn’t explore the cons, with a strong 
focus on Europe and particularly the Netherlands and only limited attention given to emerging 
countries. The authors have added references to projects in Canada, the USA and Australia and 
downplayed the focus on the Netherlands. 

Assumptions are made that depleted fields have demonstrated geological containment because 
they have held hydrocarbons, whereas this is not a given and containment will still need to be 
demonstrated. Updates to the text have been made to reflect these comments. 

Discussions on post-closure monitoring and liability handover have been adjusted following 
feedback from one reviewer. 

It was recommended that the chapters on the reuse of facilities be further divided into wells, 
platforms, subsea equipment and pipelines as the issues are significantly different between 
these. The structure has been improved, and details related to the type of platform (fixed, 
floating etc) were considered out of scope. 

One reviewer offered a suggested process of work that the authorities might undertake on a 
hydrocarbon field approaching the end of life to ensure a potential transition to a CO2 storage 
site, involving external consultants and the production licence partners. This has partly been 
acknowledged in Section 2, but some of the recommendations may have implications for 
competition law and were omitted. 

One of the main conclusions that one reviewer took from the report is that EOR could be one 
of the more attractive options in a smooth transition from production to CO2 storage. 
Technically, this could be true but politically and societally in many parts of the world, it is 
viewed in a very unfavourable light and can act to slow progress in CCS acceptance. If we 
move along this path, we shall demonstrate that this approach facilitates a more rapid 
implementation of a CCUS project which, as soon as the transition is complete, will be devoted 
to geological storage only. Every care should be taken to avoid this approach being seen as 
advocating for EOR as the real purpose beyond CCUS. Text has been added regarding this 
point. 

The authors have restructured the report and rewritten sections, this had led to a clearer structure 
and less repetition.  
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