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General Information 

Why we are consulting 
The aim of this phase of the consultation process is to:  

• develop a set of strategic scientific questions that could be investigated at a UK CO2 Storage 
Testbed facility; 

• document the science and societal benefits of a CO2 Storage Testbed and map the synergies 
with other projects and programmes;  

• present a robust case, having sought views from stakeholders, on the requirements for CO2 
storage research in the UK; and 

• inform investment in CO2 storage research in the UK at a testbed facility. 

Consultation details 
Issued: 29/03/2021 

Respond by: 19/04/2021 

Enquiries to:  ccsresearch@bgs.ac.uk or by post to: Carbon Capture and Storage Team, British 

Geological Survey, Environmental Science Centre, Keyworth, Nottingham. NG12 5GG. 

Consultation reference 
Consultation on geological CO2 storage research, and the development of a clear science case for 

potential investment in a CO2 Storage Testbed. 

Consultation extent 
The consultation applies to stakeholders interested in developing the science case for potential 

investment in a CO2 Storage Testbed and in establishing future research and innovation programs 

linked to the geological storage of CO2 as a tool to achieve net-zero emissions in the UK. 

How to respond 
Your responses will be of most use if they are framed as direct responses to the questions posed and 

accompanied by supporting information or evidence, wherever possible. Further comments, 

questions and wider evidence relevant to the consultation are also welcome. Please state in your 

submission if you are responding as an individual or representing the views of an organisation. 

Although we would appreciate responses to all questions, you can answer as many or as few as you 

are able or wish to. There is no word limit for your responses. 

Respondents are encouraged to reply via email wherever possible, but responses received in writing 

will be accepted (see contact details above). 

Respond online to:  ccsresearch@bgs.ac.uk 

mailto:ccsresearch@bgs.ac.uk
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Confidentiality 
Information provided in response to this consultation, including personal information, may be 

disclosed in accordance with UK legislation (the Freedom of Information Act 2000, the Data Protection 

Act 2018 and the Environmental Information Regulations 2004). 

If you wish for the information you provide to be treated as confidential, please inform us, but be 

aware that we cannot guarantee confidentiality in all circumstances. Any automatic confidentiality 

disclaimer generated by your email/IT system will not be regarded as a confidentiality request. 

All personal data will be processed in accordance with the applicable data protection laws. BGS privacy 

policy is available on our website (www.bgs.ac.uk/legal-and-policy/privacy/). 

A summary of responses will be published on the British Geological Survey website (www.bgs.ac.uk).  

Quality assurance 
The consultation will be conducted by staff at the British Geological Survey, on behalf of UK Research 

and Innovation (UKRI) and the Natural Environment Research Council (NERC). The consultation will be 

completed in line with government advice on consultation principles; if you have any complaints 

regarding the process, then please email:  ccsresearch@bgs.ac.uk 

 

http://www.bgs.ac.uk/legal-and-policy/privacy/
http://www.bgs.ac.uk/
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Context 
To meet the ambitions of the Paris Agreement (2015) there is international consensus that carbon 

capture, usage and storage (CCUS) will be an essential tool in effectively tackling climate change. The 

UK’s Climate Change Committee recommends CCUS must play a significant role if the UK is to achieve 

national emissions reduction targets. CCUS can contribute to a low-carbon future through 

decarbonisation of industrial processes, enabling wider hydrogen use, and offering a route for 

negative emission technologies. To achieve these ambitions, the UK must unlock the potential of the 

subsurface, since the geological storage of carbon dioxide (CO2) will be central to reaching net-zero 

greenhouse gas emissions in the UK. One option to accelerate cost-effective carbon dioxide storage is 

a dedicated national facility supporting research and innovation. 

Consultation 
This consultation seeks to capture stakeholder opinions on the potential for a national research facility 

to drive research and development in the area of geological CO2 storage. The UK has an opportunity 

to enhance its position as a world leader by creating new opportunities for research and driving 

innovation both domestically and overseas. 

In early 2020, the British Geological Survey (BGS) presented a proposal to NERC for a CO2 Storage 

Testbed on the UK Continental Shelf. UKRI and NERC recognised the opportunity and commissioned 

BGS to undertake a scoping study for development of the strategic science case on behalf of the NERC 

and UKRI research and innovation community. This consultation is part of the scoping study. 

Additionally, NERC set up an independent Steering Committee to oversee project development. 

The project’s Steering Committee recommended that a full appraisal of a broad range of options was 
required to ensure the scientific case for investment was robust and meet the needs of the CCUS 
community. The Steering Committee also recommended that the scoping study should define the key 
research requirements before consideration of the infrastructure required to deliver them, thereby 
ensuring the project is science driven rather than concept driven. The scoping study should establish 
the science options using input from stakeholders through a broad consultation. Clear arguments for 
and against different options should be gathered and assessed during the stakeholder consultation 
process. 

Phase 1 Consultation: November 2020 to January 2021 
Between November 2020 and January 2021, BGS undertook a series of interviews with stakeholders. 

These stakeholders were identified by BGS and the project’s Steering Committee and featured 

representatives from the academic, commercial, industrial, advisory and regulatory spheres. In total 

27 interviews were held with 56 people. The BGS and NERC are extremely grateful for the time given 

and inputs received during these interviews, and would like to thank all those who took part. These 

discussions formed Phase 1 of the consultation process and the outcomes of these interviews are 

summarised in Appendix A for reference.  The responses received during Phase 1 are collated by 

PESTLE topic (Political, Economic, Social, Technical, Legal and Environmental factors) for clarity. The 

presented summary of these discussions should be viewed as a valuable resource and responders are 

encouraged to review the responses prior to submission to the consultation. The objectives of Phase 

1 were to consider the ground-breaking scientific concepts that could be investigated at a Storage 

Testbed. 
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Phase 2 Consultation: ongoing  
The support of the CCUS stakeholder community is a necessary and clear requirement for continued 

development of science and business cases for a CO2 Storage Testbed. Therefore, as part of the 

scoping study, BGS is now engaging with a wider stakeholder group through this open consultation, 

to define the primary scientific objectives of the project, and to align these requirements with project 

concepts.  

Phase 2 will further refine the scientific priorities for consideration and will establish the key 

knowledge gaps in research and innovation that a CO2 Storage Testbed could address. This 

consultation will enable the opinions of the community to be recorded, ensuring the suitability of the 

proposed science case to: (1) deliver results applicable to commercial-scale deployment; (2) address 

the key research questions associated with subsurface storage; and (3) aid delivery of cost-effective 

geological CO2 storage in the near- to medium-term.  

As a valued expert or interested stakeholder, we would welcome and appreciate your input during 

this engagement phase. Contributors to the Phase 1 consultation are very welcome to contribute to 

this second phase of consultation.  
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Consultation Questions 

Below are the questions we are seeking to answer during this consultation. For questions 3 to 23 the 
headings link to subsequent sections in Appendix A - Outcome of the Phase 1 stakeholder consultation, 
and hyperlinks are provided to aid navigation to the relevant text highlighting feedback received 
during Phase 1 of the consultation. Please examine the questions and respond in the boxes provided 
where you have the necessary awareness, experience and knowledge. If required, additional answer 
space is provided in Appendix B (final page). 

 

 

Shaping the Consultation 

1 To what extent do you agree that a large infrastructure facility focused on primary research 

into CO2 storage would provide a capability to address key scientific questions relevant to CCUS 

in the UK? Please explain your response. 

 
Response: 
 
 
 

Testbed Objectives 

2 A series of high-level objectives for any future CO2 Storage Testbed facility have been 

developed from the Phase 1 consultation discussions: 

a) To provide evidence from ground-breaking research to support stakeholders in policy 
and regulatory development for the full life-cycle of storage site operations.  

b) To improve the economic and technical efficiency, effectiveness and assurance of 
subsurface CO2 storage operations through cost reductions without compromising 
storage safety.  

c) To provide evidence-based knowledge that will enable publics to discuss and assess the 
processes and technologies that support the safe and permanent geological storage of 
CO2.  

d) To create a world-leading research and innovation platform for geological CO2 storage 
and advanced subsurface investigations, where high-value research and innovation 
complement and inform full-scale, first-of-a-kind offshore CCUS projects.  

e) To evaluate the application of geological CO2 storage in a range of future low-, negative- 
and net-zero emissions technologies in support of UK, European and global 
decarbonisation targets.  

f) To develop technologies, software, information systems, data and knowledge for 
international application in CO2 storage. 

In your opinion, have the key objectives for a UK CO2 Storage Testbed facility been 

appropriately identified? 
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Response: 

 

 

 

Political 

3 How should a Storage Testbed develop its science case to ensure that it supports UK 

Government policy in CCUS deployment to achieve the UK’s Net Zero goals? 

 
Response: 

 

 

 

4 What research at a Storage Testbed could address knowledge gaps relevant to, and improve 

commercial-scale operation of, planned and future UK CCUS? 

 
Response: 

 

 

 

Technological 

5 To what extent do you agree that ground-breaking research objectives can be achieved at a 

Storage Testbed with a total injected volume of CO2 of less than 100 thousand tonnes? 

 
Response: 

 

 

 

6 What are appropriate, cost-effective and industrially relevant strategies for sourcing CO2? 

 
Response: 
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7 What research could be undertaken during the site characterisation phase for a Storage 

Testbed facility? 

 
Response: 

 

 

 

8 What open research topics should be prioritised at a Storage Testbed during and after 

injection? And should additional geoenergy topics be considered in the development of the 

science case at a CO2 Storage Testbed? 

 
Response: 

 

 

 

9 At a potential UK CO2 Storage Testbed, how important is the development of research 

capabilities to evaluate processes relevant to CO2 leakage into and through the overburden 

relative to investigations that focus on reservoir processes? 

 
Response: 

 

 

 

10 How could a research facility targeting saline aquifer CO2 storage, and situated in a specific 

geological environment, ensure that its findings are applicable in a range of different storage 

settings? 

 
Response: 

 

 

 

11 Which geological characteristics or geological formations, located either onshore or offshore, 

have the greatest potential to generate scalable research applicable to CO2 storage in the 

UK? 
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Response: 

 

 

 

12 How could a research facility targeting depleted gas field storage, and sited in a specific 

geological environment, ensure that its findings are applicable in a range of different storage 

settings relevant to the UK? 

 
Response: 

 

 

 

13 To what extent should a Storage Testbed have a capability to test new technologies and what 

are the best approaches to increasing the readiness levels of these technologies? 

 
Response: 

 

 

 

14 To what extent could a Storage Testbed evaluate innovative well construction, leakage via 

wellbores and well-based monitoring technologies?  

 
Response: 

 

 

 

15 What opportunities could a Storage Testbed provide in improving site monitoring and 

verification methodologies and technologies, and their application to demonstrate 

conformance for CO2 storage sites? 

 
Response: 
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Environmental and International 

16 To what extent would international collaboration be strengthened by a Storage Testbed? What 

options, drivers and opportunities might a Storage Testbed respond to? 

 
Response: 

 

 

 

17 What new opportunities would a Storage Testbed offer to assess the environmental impact of 

CO2 storage and potential leakage? 

 
Response: 

 

 

 

Social 

18 How could a Storage Testbed be used to leverage research that focuses on effective 

engagement with the public: across multiple groups; local communities that might host the 

facility; educators (across all levels); other regional to national public groups? 

 
Response: 

 

 

 

19 How can research networks support the educational opportunities a Storage Testbed might 

provide? 

 
Response: 

 

 

 

Economic (cost of facility) 

20 What cost models have been successful in ensuring the ongoing operational research use of 

testbed or similar facilities? 
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Response: 

 

 

 

21 How should industrial collaboration at a Storage Testbed be encouraged and supported? What 

policies or initiatives have been successful elsewhere? 

 
Response: 

 

 

 

Legal 

22 To what extent do you agree that a Storage Testbed could be used for research and to inform 

development of the regulatory environment for geological CO2 storage in the UK? 

 
Response: 

 

 

 

23 How could a Storage Testbed develop scientific research that best informs site closure and 

abandonment, and end-of-life procedures and policies for CO2 storage facilities on the UK 

continental shelf? 

 
Response: 
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Appendix A - Outcome of the Phase 1 stakeholder consultation 
BGS undertook a series of interviews with stakeholders in the field of CO2 storage research between 
November 2020 and January 2021. These stakeholders were identified by BGS and the project Steering 
Committee and featured representatives from the academic, commercial, industrial, advisory and 
regulatory spheres. These discussions formed Phase 1 of the consultation process, gathering evidence 
to develop the science case for investment in a CO2 Storage Testbed, and helping shape the direction 
of Phase 2, this phase, of the consultation. 

The content of the following sections reflects the collated views expressed by those stakeholders 

during the Phase 1 interview process. These views are not presented as a business or a science case 

for investment. Where appropriate, please challenge or concur with these opinions. 

Phase 1 stakeholder responses 
The views of selected industry, regulator, academic stakeholders and research facility operators were 

sought by Phase 1 of the consultation. Comments and views were aligned within PESTLE topics: 

Political, Economic, Social, Technological, Legal and Environmental, although for ease of reading and 

response they are not presented in this order.  

Summaries of the Phase 1 consultation responses are provided by topic on the following pages. The 

questions asked during this second phase of the consultation are repeated alongside the relevant 

Appendix sections for clarity.   

A1. Political 

A1.1. Alignment with government priorities 

Question 3: How should a Storage Testbed develop its science case to ensure that it supports UK 

Government policy in CCUS deployment to achieve the UK’s Net Zero goals? 

The benefits of CCUS in reducing CO2 emissions were widely acknowledged during Phase 1 of the 

consultation. The recent 2020 Energy white paper (Powering our net-zero future) provides details of 

the UK Government’s plan for CCUS deployment during the 2020s and beyond, and consultees agreed 

with the paper’s objectives. As part of the overall UK target to reduce emissions to below 57% of 1990 

levels by 2030, UK Government intends that four industrial clusters will be developed to include CCUS 

facilities by 2030, one of which will be fully net-zero by 2040.  Current government funding is targeted 

at using innovation and international collaboration to drive forward commercial CCUS through the 

development of regional clusters. Consultees agreed that any national CO2 storage testbed facility 

should align with the aims and objectives of these developing clusters and target specific research and 

development (R&D) knowledge gaps, with an emphasis on reducing risks that could delay or block 

future investment decisions being a considerable advantage. This would likely bring about cost-

effective solutions to the challenges faced by commercial CCUS deployment that may present over 

the coming decade. 

The UK government aspires to position the UK as a global leader in CCUS technologies. In this respect, 

a Storage Testbed facility must demonstrate that the UK remains at the forefront of CCUS in order to 

rationalise public funding. Stakeholders commented how it was important that a facility would not 

duplicate effort, and that research and innovation undertaken could not be delivered at existing 

international pilot or testbed sites. 
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Consultees felt a facility should have an emphasis on developing training for the skills required to 

deliver large-scale CCUS in the future, and for assessing the investments required to transfer the 

knowledge generated from a Storage Testbed to the appropriate audiences. Aspects of any site should 

also be accessible, in order to demonstrate the storage process to the wider stakeholder community. 

A1.2. Research funding options and opportunities 

Stakeholders were clear during Phase 1 of the consultation that any investment in a Storage Testbed 

should be driven by the potential to solve key research and innovation questions. Based on the Phase 

1 consultation, it is expected that UK CO2 storage will be dominated by the saline aquifers of the North 

Sea, and this domain will serve the large industrial clusters of Humberside and Teesside. Consultees 

noted how a subsurface asset offers unique exploitable value to the UK. The option of a CO2 Storage 

Testbed with a research agenda that focuses on the Bunter Sandstone saline aquifer would therefore 

enable scalable research that cannot necessarily be extrapolated from other locations. It would 

provide technological and operational developments that can be used elsewhere in the UK and 

globally. 

A1.3. Alignment with commercial deployment of CCUS 

Question 4: What research at a Storage Testbed could address knowledge gaps relevant to, and 

improve commercial-scale operation of, planned and future UK CCUS? 

Responses from the consultation in Phase 1 were clear: CCUS technology is ready for commercial 

deployment, and any research infrastructure development should not be framed as a prerequisite. 

The aims of investment in a Storage Testbed facility should be to provide research results and 

innovative evidence that can align with, feed into, and improve future commercial projects. After the 

initial first-of-a-kind commercial deployments, there will be a series of subsequent projects; a Storage 

Testbed will aim to provide timely research information, enabling industry and government to make 

informed decisions on how to grow a cost-effective, sustainable marketplace. 

Community view: The benefits of CCUS deployment are acknowledged by the UK Government and 

agree that further investment in CCUS is needed to meet government ambitions. Clear demonstration 

of complementarity to government plans and other international initiatives are key criteria to judge if 

a Storage Testbed specifically is needed and what science objectives must be addressed. There is 

community consensus that there are benefits to be gained from investigation of subsurface storage 

and jurisdictions most relevant to the UK. 
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A2. Technological 

A2.1. Scalability and transferability 

Question 5: To what extent do you agree that ground-breaking research objectives can be achieved at 

the Storage Testbed with a total injected volume of CO2 of less than 100 thousand tonnes (kt)? 

The key challenge of developing a CO2 Storage Testbed is to ensure that the capabilities, and the 

results generated, will be widely relevant to commercial projects, and not just to those targeting the 

chosen geological storage unit.  Consultees in Phase 1 discussed how outputs must therefore be 

pertinent to storage in both saline aquifers and depleted fields. It was suggested by several 

stakeholders that the UK needs a research facility that is as analogous as possible to commercial 

operation, and that the potential to up-scale findings is a fundamental requirement. A facility must be 

ambitious, both in scale and in the scientific objectives it seeks to address. Otherwise, there remains 

the possibility that the research questions posed could be addressed at other pre-existing storage 

pilots. The scale of injection has been a key discussion topic during Phase 1 of the consultation. Several 

stakeholders have suggested the UK should consider a demonstration project that stores 1 to 1.5 

megatonnes (Mt), with CO2 that could be captured from, for example, a biomass or waste facility.  This 

would require partnership with an industrial partner from the onset and significant top-side 

investment. However, others have suggested that relevant and transferable research can be achieved 

at a smaller scale if appropriate geological conditions are selected. A small inventory of CO2 can enable 

increased flexibility and allow experiments covering a wider range of Technology Readiness Levels 

(TRL) to be conducted. 

Community view: A Storage Testbed could investigate exploitable scientific opportunities at a range of 

scales. However, the construction of a project requiring volumes of CO2 equivalent to full-chain 

demonstration projects (e.g. the Norwegian Northern Lights project) is beyond the scope of a research 

development and exceeds regulatory constraints for research (CCS directive Article 2.2). The 

anticipated availability of CO2 and its transportation, alongside the economics of delivering and 

constructing the project, mean it is unlikely to provide value for money at this scale. It has been 

suggested that keeping injected volumes of CO2 to less than 100 kilotonnes (kt) will ensure 

infrastructure needs for transport and storage of CO2 are kept to a manageable scale. 

Consultees also said to ensure openness and transferability, as a state-of-the-art facility, a Storage 

Testbed should develop a fully online system, enabling operational, monitoring and laboratory 

outputs to feed through in real time. As such, it would be important to design any database and data 

capture upfront to deliver data appropriately. This would reduce the risk of subsequently identifying 

gaps in data/samples that would have otherwise been beneficial to record. 

A2.2. CO2 sourcing 

Question 6: What are appropriate, cost-effective and industrially relevant strategies for sourcing CO2? 

Several consultees said that sourcing CO2 is crucial to the success of a Storage Testbed. Their 

comments spanned a range of factors. It was stated by many consultees that the injection rate and 

scale of a Storage Testbed may have an impact on sourcing decisions. The source(s) would have to 

produce CO2 that exceeds the requirements of the Testbed.  It was noted that industrial combustion 

sources of CO2 are subject to annual plant outages. Such factors might have an impact on Storage 

Testbed operations and the science conducted.  In addition, industrial combustion sources of CO2 

would require expensive post-combustion processing to get the appropriate purity. This would 
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increase the complexity of a Storage Testbed and the associated capital and operating costs. 

Reference was made to sourcing CO2 from the UK industrial clusters. This sourcing solution would 

require engagement with the industrial clusters, thereby introducing an exogenous factor in any 

decisions on the siting and the delivery timetable of a Storage Testbed. Ideally, a Storage Testbed 

would be delivered ahead of the industrial clusters in order to support their design and provide 

research evidence to the issues faced during the early phases of establishing the industrial clusters. 

Capturing CO2 from industrial biological process plants, e.g. anaerobic digestion or biomass, was 

mentioned. The geographic proximity of such plants to a Storage Testbed, the rate of production from 

that plant and the reliability of such sources are all considerations. It is highly likely that such sources 

will therefore need to have processing, compression and storage facilities for liquid CO2 at -18 °C and 

21 bar in readiness for transport by road tankers, as well as any additional storage facilities at a Storage 

Testbed site. 

The purity of the CO2 was mentioned as a significant constraint, and lower purity CO2 is cheaper to 

source. If the feedstock containing CO2 has not already been pre-processed, then a Storage Testbed 

might have to invest in amine scrubbing if high purity (e.g. 98%) is required. It was noted that higher 

purity leads to a substantial increase in costs. Consultees asked whether CO2 purity has an effect on 

long-term storage? Does the difference in CO2 purity pose an open research question that a Storage 

Testbed should investigate? 

Consultees noted that CO2 is costly to buy from commercial sources and this will remain the case in 

the medium term. It is a limited market with limited sources of high purity CO2 to service areas such 

as the food industry. Some players have considered international shipping of CO2 by sea ready for 

injection. Creating such a supply chain might be too big an undertaking for a Storage Testbed, which 

would have a limited lifespan.  

Community view: Consideration has been given to the issues set out above in respect of sourcing the 

CO2. There are two strategies that offer outcomes that balance the above issues to provide a practical 

solution that is relevant to a Storage Testbed, co-location and self-generation. 

Co-location: Identify an industrial source very close to a ready supply of CO2, e.g. the coast in the 

Humberside / Teesside area, preferably in a high-purity form. Here, gas processing terminals may 

produce high volumes of reasonable purity CO2 as a waste stream from processing gas from the North 

Sea.  As a waste product, the sequestration of the CO2 by the testbed will create an emissions credit to 

the environment. Other chemicals facilities in any geographic area of interest that produce a 

reasonable purity of CO2 could also be used. Any alternative co-location option based on industrial 

combustion sources of CO2 will probably require post-combustion processing to separate the CO2. Such 

an option is therefore less attractive, but would be more reflective of the real-world experience of 

CCUS. 

Self-generation: Installation of a small power generator on site that burns gas or LPG. The generator 

would be housed in a shipping container.  Injection compressors at a Storage Testbed would consume 

much of the power generated. Any surplus power could be exported to the grid and the income arising 

used to reduce the operating costs of a Storage Testbed. The power generator would displace the 

output from a different power generator, connected to the same national grid in a different part of the 

country which would otherwise be releasing CO2 into the atmosphere. Therefore, the sequestration 

from self-generation would create a very similar environmental emissions credit as a co-location 

option. The self-generation option would mean that there are many testbed locations that could be 

explored, limited only by the availability of reasonable gas and electricity connections. A Storage 

Testbed would have an independent source of CO2 to be made available as and when required in line 
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with the experiments to be carried out at the testbed. Such a generator could use air to burn the fuel 

and produce impure CO2. Post-combustion processing would be necessary to purify the CO2 ahead of 

sequestration, which would consume some of the surplus power. The generator could be designed to 

have oxy-combustion technology so that there would be no post-combustion processing, but there may 

be less surplus power for export if oxygen is manufactured on-site. An oxygen manufacturing unit 

would also be in a shipping container. 

A2.3. Research opportunities during site characterisation 

Question 7: What research could be undertaken during the site characterisation phase for a Storage 

Research facility? 

It is expected that the characterisation of, and baseline data acquisition at, a Storage Testbed site 

would yield significant research opportunities and enable clarification of the science deliverables. 

Stakeholders suggested this might include an assessment of the potential of sparse geophysical data 

acquisition for baseline attribution and the development of schemes for imaging the subsurface 

beneath shallow-water (<50 m depth) coastal regions. The role of uncertainty in digital rock 

generation might be addressed. Also, the use of comparative forecast modelling using existing data 

and the development of predictions of CO2 behaviour to understand whether this data stream 

provides sufficient details to reach objectives/meet criteria should be investigated. In the North Sea, 

data is readily available so projecting site behaviour using a quantity of pre-existing data, 

representative of the storage site, would be a viable research study. 

Consultees asked how well could a Storage Testbed site be characterised with the time and budget 

that is likely to be available? At the CO2CRC Otway CO2 Storage Pilot Site in Australia, they have over 

15 years of experience, and have obtained 11 3D seismic surveys, cored every reservoir and seal, 

completed geochemical and groundwater characterisation, etc. It is important to have a robust data 

set to properly benchmark results. 

Stakeholders noted that in all potential experiments heterogeneity and fractures are an opportunity 

for research, and it would therefore be important to understand if these features will allow CO2 

transmission. Although all rocks are fractured, it would be important to understand the conditions 

under which fractures might allow CO2 transmission and where these might control CO2 migration.  

Imaging of transmitting fractures during the characterisation phase is important. Furthermore, it 

would allow researchers to validate models on the rock characterisation and behaviours of fractures. 

Fractures will always be there, but can we determine that they are harmless? 

Site characterisation, including sampling and core collection are fundamental to better define the 

science opportunities at a facility. This is a crucial step in any exploration phase. This program could 

be linked to the drilling of the well, although drilling is a mature technology; as CO2 is a waste material 

of no “value”, research to reduce drilling costs for CO2 storage would be beneficial, as when drilled 

with oil/gas kit, high oil price would mean high drilling costs. 

A2.4. Science objectives 

Question 8: What open research topics should be prioritised at a Storage Testbed during and after 

injection? And should additional geoenergy topics be considered in the development of the science 

case at a CO2 Storage Testbed?  

There are a broad range of different storage processes that could be addressed by a Storage Testbed. 

Phase 1 of the consultation has gathered evidence covering a broad spectrum of research topics that 
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includes: injectivity; well integrity; induced seismicity; leakage from the containment reservoir; 

security of storage over the long-term; measurement and verification of trapping mechanisms; the 

role of heterogeneity in plume migration; forecast modelling; efficient approaches to upscaling; and 

long-term storage security/leakage.  The community needs to prioritise these topics and ensure 

alignment with the preferred infrastructure development. For example, offshore induced seismicity 

does not present the same reputational risk as the same problem at onshore facilities. The potential 

scientific objectives must also be aligned with the scale of infrastructure investment; for example, 

interactivity and pressure management are a significant research challenge, but very large volumes of 

CO2 would be required to undertake appropriate investigations.  Additionally, prioritisation of capital 

investment would determine the range of topics the facility could address e.g. for storage security, 

further monitoring in addition to seismic monitoring will be required to pin down potential leakage 

offshore.   

Phase 1 stakeholder feedback has suggested that supercritical and dense phase CO2 injection is a key 

requirement, yet this excludes experiments that focus exclusively on processes in the shallow 

overburden, associated with containment and leakage. 

It has been suggested that the facility should operate on high-purity CO2 to avoid well and pipeline 

problems. However, it may be of scientific benefit to investigate the injection of impure CO2 and the 

consequent infrastructure interactions, as well as associated mineral/chemical reactions in the 

reservoir. Further questions identified include the impacts of impurities on the well, potential for 

water corrosion and Joule-Thompson effects.  

A2.5. Overburden processes 

Question 9: At a potential UK CO2 Storage Testbed, how important is the development of research 

capabilities to evaluate processes relevant to CO2 leakage into and through the overburden relative to 

investigations that focus on reservoir processes? 

Comments focused on containment and leakage processes from the Phase 1 consultation are 

summarised in the following paragraphs. Stakeholders have proposed several research objectives that 

broadly involve investigating leakage from the primary storage complex. Leakage could be through 

natural or anthropogenic pathways but a particular focus on the role of heterogeneity in fluid 

dynamics and overburden trapping was favoured.  This enables researchers to address the questions, 

where will leaking CO2 go? And how quickly? And how could research increase confidence in modelling 

software? Feedback indicated a continued interest in the monitoring of leakage and the quantification 

of detectability after loss of containment, relative to the monitoring systems in place. With 

development of a Storage Testbed, leakage to surface, environmental monitoring and modelling, and 

quantifying and remediating leaks could also be addressed.  

Consultees said that the study of leakage detection is an open research topic. Opportunities to 

integrate environmental data with downhole measurements, e.g. Distributed Acoustic Sensors, and 

surface geophysics would enable cross-correlation to look for signals and provide a working 

methodology to distinguish and avoid false alerts. Studies that aim to identify signals in multiple 

technologies at the same time would offer significant transferability to commercial CCUS operations. 

A reoccurring suggestion was the targeted injection of CO2 near a fault (or fault zone) to investigate 

and understand processes in this leakage scenario.  It was advised that this type of experiment could 

provide an enormous science benefit in understanding trapping processes in fault zones and generate 

learnings transferable to a range of host reservoirs and caprocks. 
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Consultees felt that leakage studies could be considered at a range of depths, targeting either leakage 

directly through the caprock, or migration through the upper overburden. In a storage operation, 

modelling could show that if leakage did occur it is likely to be insignificant. However, it may be 

necessary to demonstrate to a regulator it is not going to get worse. This could be a useful science 

objective, even if the CO2 volumes stored are low. However, it was noted during the Phase 1 

consultation that overburden processes are already investigated at other pilot sites. The links with 

commercial deployment would be less easy to establish and it is difficult to link the outputs with 

conformance studies at large CO2 projects with thick caprocks, if leakage processes were to be the 

focus. Furthermore, scalability and extrapolation to other sites is difficult in shallower leakage 

experiments. Discussion with commercial operators have indicated a preference for research and 

technological development linked to understanding, monitoring and verifying processes in the storage 

reservoir. 

Community view: Phase 1 consultees recognised the fundamental importance of understanding 

leakage processes and their monitoring and remediation to the mitigation of these risks. Many of the 

leakage processes identified are being evaluated at other test facilities internationally (for example, 

the GeoEnergy Testbed, Sotocarbo, Svelvik) or have been addressed previously in some detail (notably 

at ZERT, Ginninderra, QICS, STEMM-CCS amongst others). Phase 1 also found agreement with some of 

the views expressed that results from a facility focused on these processes would be less easily scalable 

to commercial deployment.  

A2.6. Saline aquifer storage 

Question 10: How could a research facility targeting saline aquifer CO2 storage, and situated in a 

specific geological environment, ensure that its findings are applicable in a range of different storage 

settings? 

As most of the UK capacity for geological CO2 storage resides in saline aquifers, it has been suggested 

by consultees that addressing outstanding research questions in this environment is the most scalable 

option for the UK.  The Phase 1 stakeholder consultation was dominated by discussion on saline 

aquifer storage and highlighted a range of open scientific challenges that a Storage Testbed could 

address, which are summarised below. Interviewee’s comments on the options for open research in 

saline aquifer storage spanned a range of factors, many of which are linked, with considerable 

dependencies.  

A2.7. Plume migration and pressure responses 

Consultees felt a Storage Testbed could create a significant opportunity for the UK to take ownership 

of major advances in forecast modelling for plume migration, bringing together a full range of scales 

from digital rock generation and developing schemes to assess uncertainty, to simulation and 

advances in geophysical monitoring. It was felt by numerous participants that, as a community, they 

don’t have a great way of monitoring or validating trapping modelling.  

Some consultees said that although modest levels of CO2 injection (at 10s kt) would be sufficient to 

provide learnings about the fluid dynamics, injection of >100 kt1 would constitute a test at a very 

relevant scale, significantly extending the test undertaken at Otway, for example. In addition, water 

injection for a pressure test would allow a lower risk large-scale pressure test. Injection of CO2 would 

                                                            
1 The EC 2009 Directive on geological storage of carbon dioxide constrains volumes stored for research 
purposes to below 100 kt.  

https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2009:140:0114:0135:EN:PDF
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still be required to test plume migration processes. This may then present further opportunities to 

investigate how to characterise the larger scale and far-field to learn more about the larger scale 

systems. Consultees discussed how can the CCUS community can learn more about the far-field 

character of the geological system over tens/hundreds of kilometres? And how this would help 

regulators and developers when setting appropriate pressure thresholds, with potential economic 

impacts on storage capacities. 

The role of small-scale heterogeneity, with characterisation before, during and after injection, in 

controlling overall plume behaviour was a reoccurring topic. There are opportunities to use CO2 itself 

as a passive tracer for a reservoir structure to characterise the impacts of heterogeneity. This could 

be a great opportunity to advance characterisation, and the digitalisation of heterogeneity can provide 

imagery that could be used to communicate effectively with the public. It would also demonstrate 

how reliably we can understand the plume area and dissolution processes.  

A2.8. Site Characterisation  

A Storage Testbed could allow examination of acceptable levels of characterisation.  A Storage Testbed 

should make available data in sufficient detail to allow others to undertake their own evaluations. This 

focus on the role of digital rock generation in propagating uncertainty, and defining conformance was 

brought up by a number of consultees. 

A2.9. Dissolution and Residual Trapping 

Numerous consultees suggested a Storage Testbed could create, for the first time, the opportunity for 

making dissolution and residual trapping design and management criteria for scoping out projects. It 

was suggested that operators don’t necessarily concern themselves with these trapping processes too 

much because they have high quality structural traps and manageable CO2 volumes, but testing ways 

to monitor trapping mechanisms and dissolution rates would be a unique proposal. A Storage Testbed 

could offer a unique opportunity for the UK, to investigate the final trapping mechanisms that would 

improve the safety case for CO2 storage. Consultees suggested that whilst these processes are 

reasonably well understood theoretically, there is little empirical evidence at scale through sufficient 

monitoring. High-quality data sets for dissolution rates in the field and trapping rates from capillary 

trapping are currently not available. Dissolution and the rate of dissolution are important metrics that 

need to be proven in the field. It appears from existing test sites that dissolution of CO2 into formation 

waters is happening quite rapidly. A Storage Testbed could develop capabilities to model this with 

reservoir and downhole data required over timescales from over weeks to years and even decades. A 

Storage Testbed could address questions of how long liquid CO2 takes to dissolve into pore space and 

the extent to which this can be tracked through time. Research into residual saturation was suggested, 

to reverse engineer the process and investigate the residual saturation that is predicted by remote 

sensing techniques, but for which there is currently no verification of these results. A Storage Testbed 

could supply such verification data. 

Consultees felt that sampling wells were the best ways to understand dissolution rates which is harder 

offshore than onshore. Repeat seismic survey provides good data but it is much more difficult and 

expensive to undertake, and more difficult to quantify. One approach to balance these options might 

be to inject in the very near shore, enabling the CO2 to migrate back to shore to react with monitoring 

wells right under the shoreline. This could offer the best of both worlds. Having access to a denser 

onshore monitoring network that would provide many benefits, whilst injecting and monitoring 

offshore. 
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A2.10. Injection strategies 

Consultees said a Storage Testbed could be used to test injection strategies, including investigating 

pressure propagation and understanding the limits on the volumes of CO2 that can be stored. What 

impact does pressure have on the reservoir? And how can this be scaled from a research facility to a 

full commercial operation? 

Consultees noted how it would be interesting to investigate the relationship and interaction between 

adjacent storage sites. Questions which could be addressed include what is the consequence of 

pressure communication between sites and how could CO2 injected at multiple points be 

distinguished?  

Phase 1 responders also highlighted large-scale questions linked to injectivity. These questions 

included enhancement of trapping as an engineering challenge, the number of wells needed for 

optimal injection, location of injection points, pressure and well management, alternating between 

water and CO2 injection to improve performance. Some of the ideas would not be able to be combined 

with other research questions such as those addressed in the Overburden and Depleted Field Storage 

Sections.  

An issue for a Storage Testbed, discussed by several consultees was how the system is fundamentally 

changed once CO2 has been injected. Can an initial injection experiment be followed by an enhanced 

trapping experiment with reinjection into the same formation? Plume stabilisation and closure are 

issues that need to be addressed to support formulation of government policy. In such research we 

need to have the ability to let the plume develop and migrate some distance. Some may migrate as 

thin fingers which may be difficult to detect. Probing the tail at the margins of the plume is an 

important topic to address. In addition, consultees felt that whilst a single well provides interesting 

opportunities, more wells would allow us to look at communication between the wells so the more 

wells the better. 

A2.11. Choice of target formation 

Question 11: Which geological characteristics or geological formations, located either onshore or 

offshore, have the greatest potential to generate scalable research applicable to CO2 storage in the 

UK? 

A Storage Testbed facility within the Bunter Sandstone would have positive attributes relative to some 

other targets, such as being relatively uniform, and it will inevitably form a large part of UK storage 

stock. Yet there are other sandstone formations that will play a significant role in geological CO2 

storage for the UK, e.g. shallow-marine, Upper Jurassic rocks, and Palaeocene submarine fans, which 

have different rock physics, reactivities and pressure conductivity. Consultees noted how no one rock 

is going to give us everything. However, it was recognised that as these formations are so far from 

shore and accessing them would significantly increase the costs compared to studies in the Bunter 

Sandstone Formation.  

As an alternative option, it was noted that legacy wells or depleted fields in Carboniferous sandstones 

in Lincolnshire could be used. These could be interesting as they provide a wider range of lithologies 

and reservoir properties. 

In Bunter Sandstone geology, as discussed in the preceding paragraphs, there was interest in the self-

healing properties of salt/halite.  In a worst-case scenario of rock failure, could salt fractures self-seal 

on a timescale beneficial to a store? Consultees questioned what injection rates could be maintained 

to avoid salt/halite precipitation in the near wellbore area whilst managing the customer supply and 
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safety of CO2? Consultees felt these topics were considered easier to explore in a research 

environment than in a commercial operation. 

Community view: The research questions highlighted by the community are varied, with an emerging 

focus on improving site characterisation; improving understanding of geological controls on both 

plume migration and trapping mechanisms; and the opportunities to improve storage efficiencies 

through injection strategies and pressure management. A phased research programme, that 

progressively investigates different research topics, could ensure these topics are addressed in a 

rigorous and timely scientific programme. 

A2.12. Depleted field storage 

Question 12: How could a research facility targeting depleted gas field storage, and sited in a specific 

geological environment, ensure that its findings are applicable in a range of different storage settings 

relevant to the UK? 

Alongside saline aquifer storage several consultees have suggested that the most interesting scientific 

questions may be related to depleted field storage. This is likely to be a major growth area for 

geological sequestration in the upcoming decades. Certainly, oil and gas companies see this as an area 

with enormous potential as they can use their existing knowledge to better parameterise sites. During 

Phase 1 of the consultation several challenges were discussed. Many of these topics are common to 

the key research questions in saline aquifer storage (measurement, monitoring and verification, fluid 

processes, regulatory framework, well completions, etc.) as in the preceding sections in this 

document. In addition, several consultees raised additional factors, mainly related to near-well 

conditions and temperature effects when injecting into under-pressurised fields.  

Consultees commented that a Storage Testbed may be an opportunity to help in unlocking the 

potential of depleted fields. A common discussion point focused on the current difficulties in 

accurately modelling the well and near-well conditions during injection.  It was felt that an intensely 

instrumented zone, for pressure and temperature, from the well head to the reservoir would inform 

the community on modelling of CO2 behaviour and develop increased understanding of phase 

changes. It was also felt that a Storage Testbed could address questions related to hysteresis that 

would be common in depleted gas fields from deflation and re-inflation. Consultees felt that it was 

still important to gauge “what does not matter” in the parametrisation of depleted field modelling. 

Several areas of concern were also expressed during the interviews for depleted field storage, related 

to taking on the liabilities of a depleted field and whether a Storage Testbed would inject sufficient 

CO2 for results to be scalable. Would the acquisition of a suitable field, an abandoned platform or an 

actively decommissioning platform, be considered for a Storage Testbed and what would be the 

current condition of any repurposed assets? Several consultees commented that it was important to 

ask, “What do we know about wells in the North Sea that were abandoned 10 years ago?”  

Community view: A Storage Testbed could investigate depleted field storage of CO2 but the challenge 

would be finding a suitable site where access and costs are within reasonable expectations. 

Additionally, the funding agencies would have to agree temporary transfer of liability and health and 

safety compliance, and regulators agree that a delay in decommissioning was possible.  

 



24 
 

A2.13. Testing technologies 

Question 13: To what extent should a Storage Testbed have a capability to test new technologies and 

what are the best approaches to increasing the readiness levels of these technologies? 

Phase 1 of the consultation had limited discussion on the potential to test new technologies.  

Discussion was focused on over-instrumenting a Storage Testbed to investigate developing technology 

against techniques deployed as standard practice. Specific technological requirements will be linked 

with the science objectives of a facility.  Also, in the commercial world, the need to balance the 

objectives of a CCUS project with the cost of deploying equipment and the space available in the well 

and on the surface. Consultees felt drilling, wellbore instrumentation and monitoring are areas where 

the testing of new technology should be prioritised. For example, consultees noted how it has been 

shown in current commercial operations that the cost of monitoring can be reduced significantly 

during the lifetime of a project, as an understanding of site behaviour improves. Therefore, through 

testing new techniques a Storage Testbed could further reduce Measurement, Monitoring and 

Verification (MMV) costs. 

A2.14. Drilling and wells 

Question 14: To what extent could a Storage Testbed evaluate innovative well construction, leakage 

via wellbores and well-based monitoring technologies? 

Several Phase 1 consultees felt that the number of wells, and their length, sampling, instrumentation 

and completion would be the single most crucial activity to get right at a Storage Testbed. The drilling 

and completion of the wells would be the most expensive component of the site, and any new 

techniques that could be developed to reduce these costs whilst maintaining capability would be a 

major advantage. Consultees suggested that partnering with drilling companies to test innovative 

approaches and using the commissioning phase of the project to address well-related issues could 

provide opportunities to further “learn by doing” which would be of benefit to wider CCUS 

deployment. For example, listening to the drill bit noise might bring value to the project. 

It was also suggested that a well, or a group of wells, could be instrumented to test the completion, 

but it was recognised that it might be challenging, and not desirable, to experimentally simulate a 

poor cement completion in such a facility. Consultees discussed if multiple wells could be drilled with 

a sole focus on understanding and monitoring completion practices. 

Consultees also noted that the instrumentation of a well, the installation of equipment and the 

movement of equipment in and out of the well is more challenging in horizontal wells. Consultees felt 

it would be better to heavily instrument a well to avoid the need to move equipment in and out. In 

addition, as wells narrow with depth to ensure stability of the well, early consideration and planning 

of what is required to be installed in the well should be prioritised. The need to install monitoring 

equipment in the well means that there is a requirement for a space between well casing and well 

tubing for monitoring kit or to install sensors outside the casing against the rock. This is a difference 

between typical wells and an experimental well. It will therefore be necessary to carefully consider 

the monitoring kit required which may include, inter alia, deep samplers, bottom-hole pressure and 

temperature gauges, and optic fibre for Distributed Acoustic Sensoring (DAS).  

The Phase 1 consultation also received input on the matching of top-side and subsurface 

infrastructure; the surface facilities should be matched to the reservoir for continuous injection. The 

ability of the reservoir to accept CO2 must be matched to the pumps. The number of wells required 

was also an active topic for discussion, more wells means more data that can be used to inform 
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decisions. Other questions that emerged included the extent to which a testbed could address well-

related issues, for example, whether a large site was needed, and if one or two wells were sufficient 

to mimic large-scale injection. 

Consultees based in industry felt that a Storage Testbed could be used to test completion types, 

providing a unique data set that would generate global interest. It was also suggested that significant 

advantages could be achieved in running components of the infrastructure to failure.  Industrial 

projects would never deliberately push the expected performance thresholds and finding the limits of 

performance from the well head to the reservoir would be an exciting concept. 

Although unlikely, the wellbore might present the primary risk to containment in a full-scale project, 

because of the pressure changes or past abandonment. For example, we need to develop modelling 

tools to optimise injection in areas of abandoned wells. How could a Storage Testbed address concerns 

owing to the presence of abandoned wells with the infrastructure it is likely to operate? A Storage 

Testbed could provide unique opportunities to test machine learning and multiple scenario modelling 

at a dedicated research facility. Consultees also noted that Norway has several projects around 

monitoring wells that have been abandoned and for post-closure monitoring. Research which 

addressed further increasing the safety and reducing risks of failure in the injection well could be 

valuable. Shallow wells could, for example, be instrumented and issues such as cement completions 

and the role of monitoring during migration and post closure could be investigated. It is not clear 

however, if this offers enough scientific opportunities as a stand-alone project and if the community 

wish to explore this research might need to be incorporated in a Storage Testbed facility. 

Community view: The potential for ground-breaking research during the drilling and instrumentation 

phase of the well construction are clear.  Further input is required to better shape objectives for a 

Storage Testbed in this area and to understand any increased risk to the project brought about as a 

consequence of innovative wellbore processes. 

A2.15. Developing a baseline and assessing monitoring capabilities 

Question 15: What opportunities could a Storage Testbed provide in improving site monitoring and 

verification methodologies and technologies, and their application to demonstrate conformance for 

CO2 storage sites? 

The ability to develop cost effective monitoring strategies was seen by Phase 1 consultees as a 

research challenge that a Storage Testbed could address. A key topic was the optimisation of 

geophysical techniques to ensure delivery of the required information. Consultees would be keen to 

explore opportunities to test geophysical techniques in the characterisation and operational phases 

of the project. 

Consultees noted that the ability to obtain 3D seismic data over the area where injection will take 

place is crucial, with repeatability to produce 4D time-lapse surveys also being important. Although 

3D acquisition offshore is much more likely and more useful, could a 3D baseline be obtained from 

onshore if an onshore-to-offshore concept is developed? This thinking would need to be factored early 

in a design phase.  

Concepts for an offshore facility generated significant discussion on the best ways to work in shallow 

water coastal regions. Discussions emphasised how there is a whole new avenue of data acquisition 

in the transition zone nearshore. With the projected future construction of windfarms co-located with 

storage sites, the installation and optimisation of ocean bottom node sensor arrays to image and 

understand the subsurface fluid flow of CO2 is going to be essential and could be an important area of 
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research for a Storage Testbed. Offshore, there are problems with noise from ships and such noise 

travels a long way. Wind turbine noise may be a challenge to monitoring in the North Sea, whilst 

windfarm vibrations may be used as a passive seismic source. In addition, wind turbines cemented to 

the seabed could be used for corner reflectors for Interferometric Synthetic Aperture Radar (InSAR) 

studies to enable monitoring in real time. It was suggested that electrical monitoring methods offer 

opportunities to sample large volumes of rock with a larger saturation range than acoustic methods. 

The future role of electrical techniques in offshore monitoring could be an exciting research avenue, 

assessing downhole and surface responses, and combining with other geophysical schemes to 

increase the value of the data. 

More generally, concerns relating to shallow water depth in the North Sea were raised. Undertaking 

seismic monitoring surveys in shallow water is challenging, as multiple seabed reflections will cause 

significant problems. Furthermore, in water depths of more than 30 to 35 metres the seabed will be 

below the storm wave base, there may be wave-disturbance issues with instrumentation on the 

seabed at shallower water depths. However, it was also noted that costs will increase with increasing 

water depth.  

Consultees said that a Storage Testbed could provide opportunities to improve good practice in 

demonstrating how site conformance is measured by quantitatively defining parameters. Frequently, 

CO2 storage project Key Performance Indicators (KPIs) mention ‘behaviour as expected’, however 

unexpected behaviour does not rule out conformance, depending on the parameters defined. These 

parameters are probably implicit in some pieces of legislation and excessive in others. Testing 

sophisticated monitoring strategies that provide confidence in conformance can then allow strategies 

to be scaled back to ensure relevance to commercial CCUS projects. 

Additionally, consultees were interested in the data challenges associated with Distributed 

Temperature Sensing (DTS) and DAS - with the challenges of handling and interpreting huge data 

volumes often not covered in other pilots. Challenges related to the distance from subsea to well head 

could be assessed as it is a challenge to retain frequencies over long distances. Consultees noted that 

a Storage Testbed could potentially investigate how fibres behave in an offshore subsurface 

environment when recording seismic survey and other measurements. Other comments included 

whether DAS or Vertical Seismic Profiles (VSP) would be useful and if studies could investigate ensuring 

suitable angles of incidence on DAS cable were obtained. Consultees discussed the challenge of 

instrumenting the injection well and subsequently using it to monitor post-injection plume migration 

over the top of the well.  It was suggested that consideration of travel times and attenuation could be 

one approach to verification of performance. 

If an offshore approach was adopted it was recognised that offshore instrumentation would have to 

be simplified, as it could be significantly more expensive than analogous onshore instrumentation. 

Some consultees commented that a Storage Testbed should demonstrate and cross-validate the 

performance of established monitoring, detection and modelling techniques. Some consultees said 

that less emphasis should be placed on innovative technologies and more emphasis on tried and 

tested solutions in order to build public confidence. Predictions of containment and conformance with 

standard reservoir modelling software and standard industrial monitoring techniques would allow 

validation of new techniques. 

A Storage Testbed was also considered to be an essential tool to develop and test cost-effective, novel 

and sparse monitoring and verification tools and protocols. Consultees discussed how volumes 

injected should be sufficient to be able to detect a properly formed plume taking account of the depth 

of storage, and the resolution of the data, for the technologies employed. It was noted that there will 

be a trade-off between those techniques that work well at shallower depths, e.g. gravity and 



27 
 

electromagnetic methods, and those needed for deep injection. A Storage Testbed could consider 

what is the minimum necessary data to satisfy the regulator, and what is practical for the co-existence 

with the other industries that have a requirement for the same regions of the seafloor. Numerous 

consultees noted that this is a hot topic and studies investigating co-habitation of the seafloor would 

be beneficial. It was also noted that there is significant value in the post-closure work regardless of 

location, but that this could require operation of the site for many years before closure to provide the 

data. 

Some consultees questioned the balance between employing environmental monitoring techniques 

alongside geological monitoring techniques. It was suggested that it could be appropriate to deploy 

an environmental monitoring system on the seabed. Some argued that whilst this is not necessarily 

something that requires more research it would benefit from demonstration.  

A3. Environmental and International 

A3.1. Alignment with international test facilities 

Question 16: To what extent would international collaboration be strengthened by a Storage Testbed? 

What options, drivers and opportunities might a Storage Testbed respond to? 

A key discussion point during the Phase 1 consultation was how does a new UK Storage Testbed 

distinguish itself from other pre-existing facilities like the CO2CRC Otway Project, Australia, or CaMI 

Field Research Station in Alberta, Canada? In this context, developing an offshore UK Storage Testbed 

would be novel, but more expensive. However, it is noted that a facility may be drilled from onshore, 

thereby reducing costs and improving safety for site researchers. Consultees said that targeting 

reservoir processes would ensure the integration of a Storage Testbed with other international 

pilot/demonstration sites. This shared research agenda, each focusing on delivering specific 

challenges, e.g. Otway has clear objectives in pressure tomography and VSP, would pave the way for 

collaborative international research through a global vision. Consultees noted that the current scoping 

study should assess the research objectives of other international facilities to ensure a Storage 

Testbed is correctly positioned in the research landscape.  By opening discussions with international 

facilities at the earliest opportunity, it would enable a shared research vision to be established. 

A UK CO2 Storage Testbed could be internationally available, and this would be of benefit to countries 

that cannot host a facility but wish to conduct research in CCUS. This would potentially improve the 

calibre of research conducted and would ensure that the facility is globally relevant. Several facilities 

are needed worldwide in a variety of settings that sample different subsurface geology, as some 

settings are preferable for specific research. Leveraging international facilities alongside a UK Storage 

Testbed could therefore be an excellent approach. 

Community view: The project should review the research objectives of other international pilot and 

demonstration sites alongside the consultation process.  Representatives of these international 

facilities were included in the Phase 1 consultation to ensure research planned at a UK Storage Testbed 

would be unique, ground-breaking and complimentary to the investigated elsewhere. 
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A3.2. Environmental monitoring and legislation 

Question 17: What new opportunities would a Storage Testbed offer to assess the environmental 

impact of CO2 storage and potential leakage? 

Consultees noted that key scientific objectives for environmental monitoring relate to site safety and 

environmental integrity of the process. They felt it is important for a Storage Testbed to be offshore, 

as all the mapped UK storage resource is offshore, so that the regulatory process is tested, and public 

perception of offshore CO2 storage is assessed. Furthermore, a UK CO2 Storage Testbed is important 

to test UK regulations now we are no longer part of the European Union. 

Consultees commented that deployment of an environmental monitoring system on the seabed above 

a Storage Testbed site is not necessarily something that requires more research but would benefit 

from demonstration of an environmental monitoring strategy and existing models. In the North Sea, 

environmental data is readily available and it could be used to test site development; use of existing 

data that is generally representative of the North Sea could be used to develop predictions of CO2 

behaviour. This could then test whether the use of existing data has been sufficient to achieve 

objectives and meet criteria for monitoring at the testbed site. 

Consultees said that a Storage Testbed could be an opportunity to develop a marine biogeochemical 

baseline for a site in the North Sea from a combination of in-situ and modelled data. Subsurface 

sampling of the plume after migration through a Storage Testbed site would provide information on 

geochemical transformations in the subsurface. Drilling into and sampling the injected plume would 

give an indication of potential contaminants, without emergence at the seabed, to inform dispersion 

modelling. 

A lesson learned from the Quantifying and Monitoring Potential Ecosystem Impacts of Geological 

Carbon Storage (QICS) project is that it is important to get the support of local people in the vicinity 

of an experimental site early in the process. Clear communication, points of contact and openness are 

essential; also, to be aware of local activities and concerns regarding seasonality for construction and 

drilling.  

The consultation also received comments that the geochemistry of brine produced for pressure 

management, to achieve the necessary injection rates and to manage the reservoir pressure, will 

contain impurities. Such contaminants would have to be addressed and could present a significant 

commercial issue that a Storage Testbed could investigate.  

A4. Social 

A4.1. Public acceptance of geological carbon storage 

Question 18: How could a Storage Testbed be used to leverage research that focuses on effective 

engagement with the public: across multiple groups; local communities that might be hosting the 

facility; educators (across all levels); other regional to national public groups? 

The development of a Storage Testbed offers a practical demonstration of safe and efficient injection 

of CO2. This could be a key asset in building confidence in the industry over the 2020s and 2030s. 

Consultees unanimously stated that the development of a public-facing, UK-funded test site would be 

a great way to create engagement, opportunities for dialogue and engender openness by listening to 

and addressing public concerns and aspirations. We have seen other international sites that offer 

tours and have demonstrated how public engagement can assure local communities. 
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Consultees were also clear that contacts with the local community need to be open and engaged. 

Opportunities brought about through CCUS, and a Storage Testbed, could drive research in the 

geoenergy sphere and should be exploited. Any engagement activity needs to be planned thoughtfully 

and thoroughly as it is equally important to the science case.  It was considered that public acceptance 

would be easier to deliver if the storage can be deemed offshore, however drilling from onshore to 

offshore could be more difficult for the general public to understand. Previously, onshore CO2 storage 

pilots, notably Barendrecht in the Netherlands, have found obtaining a social licence to operate very 

challenging. The approach would have to be carefully considered, with early engagement with local 

communities providing timely opportunities to be meaningfully included in the process. 

Community view: Public acceptance is likely to be a key barrier to successful uptake of CO2 storage in 

the UK.  Any role a Storage Testbed can play in improving public acceptance should be integrated from 

the outset. Creating a facility that allows consultees to interact with CO2 storage facilities, and to see 

for themselves the limited topside infrastructure, would likely be of great benefit.  The facility could 

also provide the ideal testing ground for researching factors that concern the local community and 

techniques to best engender public involvement and acceptance. 

A4.2. Data/information sharing 

Consultees felt that open, easy-to-access, real-time data is the goal. This would be used to provide 

ongoing conformance assessments of site behaviour that can be tested and reviewed by any 

interested parties. 

It would be useful to have a station where people can see real-time monitoring data to support public 

engagement and to gain acceptance from the public. Real-time monitoring is something that is already 

being done routinely in the oil & gas industry with in-well pressure gauges, a Storage Testbed would 

seek to extend this and provide tools and technology to the CCUS industry. 

A4.3. Education 

Question 19: How can research networks support the educational opportunities a Storage Testbed 

might provide? 

Consultees stated that a key advantage of a UK Storage Testbed is the significant opportunity to inform 

and inspire the public on the carbon sequestration processes. 

A Storage Testbed site could also form the hub of research across academia. It is anticipated a site 

would be developed in conjunction with research programmes, and that PhD and post-doctoral 

students will use the site. 

Community view: The community recognised that there are opportunities to use a Storage Testbed for 

education, outreach and public engagement. Collaboration with academia and the provision of an 

open-access data centre would bolster the CCUS community in the UK. This could benefit future 

commercial CCUS deployment in the UK and internationally. 
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A5. Economic 

A5.1. Economics of CCUS 

Numerous consultees commented that to ensure applicability of the results to the wider CCUS 

industry, a Storage Testbed should be as close as possible to a real commercial operation. The key 

driver is reducing costs therefore linking the storage research to the preceding parts of the CCUS chain 

would be a clear advantage. 

A5.2. Capital cost of facility 

Geological storage in the UK is likely to develop in the offshore domain. Feedback from Phase 1 of the 

consultation highlights the requirement that ‘any facility is as close as possible to a real commercial 

operation’. This presents a challenge, as costs for an onshore facility – either new or from repurposing 

existing infrastructure – would likely be less than for an offshore, or an onshore-to-offshore 

development. Phase 1 of the consultation suggests an offshore facility would be more suitable for a 

UK Storage Testbed. The outcome of this decision is likely to have a significant impact on public 

perception and outreach requirements for the facility. 

A5.3. Ongoing costs for Storage Testbed 

Question 20: What cost models have been successful in ensuring the ongoing operational research 

use of testbed or similar facilities? 

Phase 1 of the consultation highlighted how the funding model for ongoing maintenance of a facility 

is a challenge. The difficulties experienced by large capital investment pilot sites internationally, 

without a guaranteed funding mechanism for operational costs, are a concern. It is anticipated that 

funding would be provided for the initial scientific programme, future decommissioning and post-

abandonment monitoring. This requires a funding model that runs over a multi-year timeframe and 

does not fit with the cycle of political decision making. 

One key operational cost could be the CO2; if large volumes are required, then sourcing the CO2 will 

be fundamental to the economic feasibility of the project. Input is sought on the options for an 

affordable supply of CO2, and the constitution of the CO2 stream that would be acceptable for injection 

(see section on CO2 Sourcing). 

A5.4. External funding options 

Question 21: How should industrial collaboration at a Storage Testbed be encouraged and supported? 

What policies or initiatives have been successful elsewhere? 

A facility would require a large capital investment, and a commitment towards ongoing operational 

costs. Industrial or international partnerships may ensure use of the facility, whilst also generating an 

income stream to cover ongoing costs. Consultees said that partnerships could play a key role in 

financing a Storage Testbed and ensuring alignment of the research objectives with commercial 

challenges, but questioned how could this financial arrangement be administered? 
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A6. Legal 

A6.1. Regulatory framework for CCUS 

Question 22: To what extent do you agree that a Storage Testbed could be used to research to inform 

development of the regulatory environment for geological CO2 storage in the UK? 

Consultees during Phase 1 of the consultation felt that a CO2 Storage Testbed would provide an 

exemplar to study regulatory compliance. By testing the reporting process through use of a publicly 

funded facility, confidence in the process could be enhanced for the industry and the regulator. 

Consultees hoped a CO2 Storage Testbed would become a published case study highlighting the 

interactions over the entire lifetime of the site. The increased understanding of the regulatory 

framework process would be especially important. It would feed directly into the development of 

business models for future large-scale site developments. It was stated during the consultation that 

the quicker we can get through the testing and inform the regulatory bodies and government to 

smooth this process, the better. 

A CO2 Storage Testbed would have a defined life-cycle from initiation to close down, and post-closure 

monitoring. This timeframe would allow the framework of storage and abandonment regulation in 

the CCUS to be assessed by regulators and industry. Consultees noted that the best way to engage 

with policy makers is with real case studies. 

The site would have a significant and varied MMV plan. Assessments made with varying components 

of the system would allow testing of different conformance and containment monitoring strategies. 

Through a close dialogue with the regulator it should be possible to increase confidence in sparser, 

cost-effective monitoring options going forward. 

The site would be available to test abandonment regulations before any of the planned commercial 

CCUS projects were approaching the end-of-life for their fields. Consultees said that by planning site 

shut down at regular intervals in the lifecycle of the site, the processes could be run with the regulator 

as an exemplar. This approach would also demonstrate the increased confidence that comes with site 

operation, which should reduce the burden of post-closure monitoring. 

A6.2. Operational requirements, alongside end-of-life and post closure options 

Question 23: How could a Storage Testbed develop scientific research that best informs site closure 

and abandonment, and end-of-life procedures and policies for CO2 storage facilities on the UK 

continental shelf? 

End-of-life and post-closure phases do not necessarily refer to the closure of a Storage Testbed site. 

Instead, the simulation of closing-down and then evaluating the effectiveness of different strategies 

and technologies could be undertaken. This would be useful to convince the regulator that operations 

are going as planned in terms of CO2 behaviour. 

Community view: There is consensus that there is potential to address issues around site closure and 

this is recognised as a key opportunity for a CO2 Storage Testbed. A CO2 Storage Testbed could support 

the reduction of cost associated with longer-term uncertainties in CO2 storage.  
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Appendix B – Additional answer space 
 

 

Please use this section to provide any additional information in response to the consultation. If 

your response relates specifically to a consultation question the clearly state the question number.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


