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• Background to HSE research on CCUS, starting in 2007

• HSE Strategy and “Areas of Research Interest”

• Ongoing CCUS research activities in HSE Science Division

• CCUS Joint Industry Projects

• Some potential CCUS research questions

Outline
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Uncertainties:

• Dispersion modelling of (liquid/solid + gas) CO2 jet releases: how does it behave? Can we 

predict extent of hazardous zones?

• Implications of severe Joule-Thomson cooling (embrittlement?)

• Solid CO2 implications for blowdown (blocking valves?)

• Solid CO2 particles scouring and erosion (jet cleaning and cutting)

• Solid CO2 deposition as dry-ice bank (prolonged sublimation)

• Running ductile crack propagation along dense-phase CO2 pipelines

• Equation of state for CO2 + impurities for flow assurance modelling

• Corrosion issues: CO2 + water = carbonic acid, effects of other impurities

Previous research on CCUS at HSE

12th International Symposium on Loss Prevention and Safety 

Promotion in the Process Industries, Loss Prevention 2007, 

Edinburgh, UK, 22 - 24 May, 2007

https://www.icheme.org/media/17864/cusco_connolly_2007_hazards_from_co2.pdf 

https://www.icheme.org/media/17864/cusco_connolly_2007_hazards_from_co2.pdf
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Previous research on CCUS at HSE (published in 2017)

https://webarchive.nationalarchives.gov.uk/ukgwa/20241208032528/https://www.hse.gov.uk/research/rrhtm/rr1121.htm 

https://webarchive.nationalarchives.gov.uk/ukgwa/20241208032528/https:/www.hse.gov.uk/research/rrhtm/rr1121.htm
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HSE website

https://www.hse.gov.uk/carboncapture/carbondioxide.htm 

https://www.hse.gov.uk/carboncapture/carbondioxide.htm
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HSE’s Areas of Research Interest

https://ari.org.uk/source_documents/hse-areas-of-research-interest-2024.pdf  

https://ari.org.uk/  https://int.octopus.ac/

https://ari.org.uk/source_documents/hse-areas-of-research-interest-2024.pdf
https://ari.org.uk/
https://int.octopus.ac/search/organisations
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HSE’s Areas of Research Interest

https://ari.org.uk/source_documents/hse-areas-of-research-interest-2024.pdf  

https://ari.org.uk/source_documents/hse-areas-of-research-interest-2024.pdf
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HSE’s Areas of Research Interest

https://ari.org.uk/source_documents/hse-areas-of-research-interest-2024.pdf  

https://ari.org.uk/source_documents/hse-areas-of-research-interest-2024.pdf
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HSE’s Areas of Research Interest
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• Task A1 – Oversight and technical coordination

• Task B1 – Develop internal CCUS training course

• Task B2 – Support to regulatory questions

• Task C1 – Collation of JIPs and international projects

• Task C2 – Steering Board engagement

• Task C3 – Review international lessons learned

• Task D1 – Review of industry models

• Task D2 – Update previous modelling

• Task D3 – Modelling offshore scenarios

• Task D4 – Storage thresholds for CO2

• Task E1 – Understanding industry design

• Task E2 – Flow assurance and process safety

Ongoing HSE CCUS Research Project

• Task E3 – Suitability of controls

• Task E4 – Understanding the standards landscape

• Task E5 – Definition of hazard and scenarios

• Task E6 – Mitigations and emergency response 

• Task F1 – Materials challenges and interactions

• Task F2 – Fracture control

• Task F3 – Corrosion control

• Task F4 – Non-metallic materials and coatings

• Task F5 – Low temperature excursions

• Task G1 – Review of CO2 toxic levels and dose

• Task G2 – Amines and health effects from the 

capture process
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• Task F5 – Low temperature excursions

– Investigate risk of structural failure from impinging CO2 jets onto steelwork

– Potential rapid cooling to -78°C or below, reducing steelwork temperature below design temperature and 

potentially below the DBTT (Ductile Brittle Transition Temperature)

– Typically, offshore steels toughness tested at -20°C

– HSE project activities:

CCUS research

• Three-point bend test

• Steel hollow section

• With / without artificial defect

• Statically loaded to % SMYS

• CO2 release at different distances/durations

• Tests scheduled for summer 2025

Loading configuration

Square hollow section

(test sample)

Loading jack

Bend point

Direction of CO2 jet

• Review BS 7910 fitness for service evaluation method

• Review historical data for offshore steelwork

• Construct test facility for impinging CO2 jets onto pre-

stressed steelwork to investigate cold embrittlement effects
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• Task G1 – Review CO2 toxic levels and dose

– Revisit and publish a summary of HSE’s assessment of the dangerous toxic load (SLOT and SLOD)

– Review other published criteria on CO2 toxicity

– Review criteria for human impairment and possible impact on disorientation and means of escape

CCUS research

Summary of HSE’s Dangerous Toxic Load assessment for CO2 (SLOT-SLOD criteria) available on request
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• Development of CO2 pipeline risk assessment model for land-use planning

– Extension of existing HSE natural gas pipeline risk assessment model

– Requires revised failure rates, fault trees, fracture, release rate and dispersion models

• Skylark CO2 dispersion in complex terrain project (kick-off on 13 May 2025)

– CO2 pipeline craters and source terms

– Simple and complex terrain (wind tunnel and field experiments)

– Dispersion model validation

– Emergency response

– Venting 

Other ongoing HSE work on CCUS

https://www.dnv.com/article/skylark-pioneering-excellence-in-co2-pipeline-safety-250648/ 

https://www.dnv.com/article/skylark-pioneering-excellence-in-co2-pipeline-safety-250648/
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• SAFEN failure rates for CCUS, hydrogen and ammonia

• SINTEF

– Offshore large-scale subsea CO2 releases

– CO2 EPOC: effect of CO2 on polymeric materials

– IntoCloud CO2 venting

• DNV

– CO2SafePipe updating CO2 pipeline guidance

– Materials in CO2 wells

– CO2MET quality monitoring (CO2 composition measurement)

– CO-CO2 cracking in pipelines

– CO2 CFD simulation software

– SubCO2 Phase 3 – subsea CO2 releases

– CO2 offshore injection into subsea reservoirs

CCUS Joint Industry Projects

• TWI

– MASCO2T II: Materials assessment for 

CO2 transport

– Permeation of CO2 through thermosets

• PRCI

– CO2 pipeline dispersion modelling

• NZTC

– Qualification of SSSV for injection of CO2
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• SAFEN failure rates for CCUS, hydrogen and ammonia

• SINTEF

– Offshore large-scale subsea CO2 releases

– CO2 EPOC: effect of CO2 on polymeric materials

– IntoCloud CO2 venting

• DNV

– CO2SafePipe updating CO2 pipeline guidance

– Materials in CO2 wells

– CO2MET quality monitoring (CO2 composition measurement)

– CO-CO2 cracking in pipelines

– CO2 CFD simulation software

– SubCO2 Phase 3 – subsea CO2 releases

– CO2 offshore injection into subsea reservoirs

CCUS Joint Industry Projects

• TWI

– MASCO2T II: Materials assessment for 

CO2 transport

– Permeation of CO2 through thermosets

• PRCI

– CO2 pipeline dispersion modelling

• NZTC

– Qualification of SSSV for injection of CO2

HSE participating in these JIPs
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• Consequences of bulk CO2 storage vessel failure (cold BLEVE): rainout of dry-ice? 

• CO2 pipeline leaks: potential for enlargement of punctures into ruptures by progressive 

brittle fracture around the release point. Is brittle fracture mitigated by warm pre-stressing?

• Review of operating procedures and safety measures: purging, venting, inspection, 

repairs, heaters/vaporisers, CO2 solid blockages (lessons learnt from operations?)

• CO2 venting strategies offshore: from the underside of platforms?

• Detection and emergency control systems on platforms handling hydrocarbons and CO2?

• Impact of dense CO2 clouds on floating support vessels and ingress of CO2 into lifeboats?

• Wells: impact of CO2 impurities on casing cements, risks associated with varying injection 

rates, CO2 phase change in wells, salt precipitation and hydrates?

Some potential CCUS research questions

This list is not extensive
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Thank you

Any questions?

simon.gant@hse.gov.uk

 

• Disclaimer: the contents of this presentation, including any opinions and/or conclusions expressed, are those 

of the authors alone and do not necessarily reflect HSE policy

• To review HSE areas of research interest, search here: https://ari.org.uk/ or https://int.octopus.ac/ 

mailto:simon.gant@hse.gov.uk
https://ari.org.uk/
https://int.octopus.ac/
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