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1. Executive Summary 

The maritime sector is a critical part of the global energy transition, and carbon capture, utilisation 
and storage (CCUS) can play a key role in reducing global CO2 emissions. The ability to transport CO₂ 
by ship will make CCUS available to industries that are not part of existing clusters; it will also support 
UK storage of CO₂ captured in the EU/EEA, and vice versa – building resilience in the system, reducing 
costs for emitters and making the most of the UK’s abundant CO₂ storage capacity, 75% of which lies 
in Scottish waters.  

Transporting CO2 for sequestration requires an efficient and coordinated infrastructure network. Ship-
based transport of CO2 provides the intermediate step to transport CO2 from smaller and dislocated 
emitters and provides a number of advantageous factors in supporting the CCUS chain: 

• flexibility on routes to facilitate sink-source matching with low up-front capital expenditure 

• adoption of solutions alternative fuels, energy efficiency, operational measures to reducing 
carbon footprint of shipping operations 

Cross-border CO₂ transport and storage would also create economic benefits for industrial emitters 
across EU Member States, other EEA countries and the UK, supporting both existing and new jobs 
across the whole continent. 

The International Maritime organisation (IMO) Greenhouse Gas Strategy from 2023 identified a 
pathway to Net Zero by 2050, with key milestones of a 30% reduction in annual greenhouse gas 
emissions from international shipping by 2030, and further reductions to 80% by 2040. 

This report, created by the NECCUS Maritime Opportunity Special Interest Group, examines the key 
challenges in creating, developing and sustaining a viable CO2 importation industry in Scotland. 
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2. Challenges in creating a CO2 importation industry 

2.1. Policy and Regulation 

Barriers for cross-boundary transportation of CO2 for sequestration are the international rules and 
treaties which are relevant in this respect. This includes the Convention on the Prevention of Marine 
Pollution by Dumping of Wastes and Other Matter 1972 (the “London Convention”) and its 1996 
protocol (the “London Protocol”).   

An amendment to Article 6 of the London Protocol which forbids cross-border transport of CO2 as part 
of its scope to prevent the export of “waste to other countries for dumping” proposed in 2009 allows 
cross-border transport of CO2 for CCUS purposes with the following conditions: 

• the countries involved in cross border transport of CO2 will have to enter into bilateral 
agreements or understandings, and allocate permitting responsibilities between the parties 

• if the CO2 is exported to a state which is not a party to the London Protocol, the agreement or 
arrangement shall include “provisions at a minimum equivalent to” the ones of the London 
Protocol 

• the International Maritime Organization (“IMO”) must be notified of such agreements and shall 
include “confirmation and allocation of permitting responsibilities” between the involved 
countries consistent with the London Protocol and other applicable international law. 

Ratification by two-thirds of the London Protocol’s contracting parties (or 36 countries) is required to 
allow the 2009 Amendments to be entered into force, which has not yet happened to date. In the 
interim, countries wishing to participate in cross-border transport of CO2 for sequestration submit a 
provisional application to IMO to implement the Article 6 amendment.  

 

UK ETS and EU ETS 

Another barrier to the transport and storage of CO2 between the UK and the EU is as a result of the UK 
ETS replacement of the UK’s participation in the EU Emissions Trading Scheme (EU ETS) after the EU 
exit transition period. The issue lies in the fact that there is no recognition of emission trading schemes 
between the EU and the UK, and therefore EU emitters storing their CO2 in the UK North Sea would not 
benefit from the storage - they would still need to purchase allowances for their emissions in the EU. A 
key recommendation from the CCSA report, which we strongly support, is the call for EU legislation 
amendments to be made to enable EU/EEA-UK cross border transport and storage of CO2 by allowing 
CO2 captured in the EU/EEA but stored in the UK to be recognised by the EU ETS as not having been 
emitted1.  

 

HNS Convention 

The International Convention on Liability and Compensation for Damage in connection with the 
Carriage of Hazardous and Noxious Substances by Sea (HNS Convention), which was adopted in 2010, 
amending an original convention adopted in 1996. The HNS Convention was designed with the intention 
to govern liability and compensation in the event of an incident at sea involving hazardous or noxious 
substances modelled on the international legal regime applicable to the carriage of oil and gas. 
However, it is not yet in force due to a low number of ratifications. Upon entering into force, the HNS 

 
1 https://www.ccsassociation.org/all-news/a-europe-wide-co2-market-can-reduce-storage-costs-by-20-2/ 
[Accessed 11/03/25] 

https://www.ccsassociation.org/all-news/a-europe-wide-co2-market-can-reduce-storage-costs-by-20-2/
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Convention will apply to CO2  carriers and imposes liability on ship owners in the event of an incident at 
sea which includes: 

(a) loss of life or personal injury on board or outside the ship carrying the hazardous and noxious 
substances caused by those substances; 

(b) loss of or damage to property outside the ship carrying the hazardous and noxious substances 
caused by those substances; 

(c) loss or damage by contamination of the environment caused by the hazardous and noxious 
substances, provided that compensation for impairment of the environment other than loss of profit 
from such impairment shall be limited to costs of reasonable measures of reinstatement actually 
undertaken or to be undertaken; and 

(d) the costs of preventive measures and further loss or damage caused by preventive measures. 

The HNS Convention limits ship owners’ liabilities to a certain amount, beyond which the HNS Fund 
compensates those affected parties. Each limit depends on the ship’s size and the cargo type. The 
Convention only applies when the cargo is on board but does not cover an accident while the CO2 is 
waiting in storage tanks or after it has been discharged. While the HNS Convention applies to CO2 

transport, its design might not be suited for the specific characteristics of CO2 transportation in the 
context of Carbon Capture and Storage (CCS), potentially requiring further amendments to address 
unique issues. Until the HNS Convention enters into force, the owners/charterers should be aware of 
their potential liabilities based on the 1996 Convention on Limitation of Liability for Maritime Claims 
(LLMC). 

The UK ETS Authority currently is consulting on proposals to tailor the scheme to include emissions 
from the maritime sector and non-pipeline transport for carbon capture and storage to further 
incentivise decarbonisation for industry. It is anticipated that proposed changes would come into 
effect from 2026. 

IGC Code 

For the design of ships to transport liquefied gases cargos such as LPG and Liquefied Natural Gas 
(LNG), gas carriers must be constructed and certified to the International Code of the Construction and 
Equipment of Ships Carrying Liquefied Gases in Bulk (IGC). The main hazards of liquefied gas cargoes 
typically carried by gas carriers are related to the flammability and toxicity of the cargo. 

In 2006, through Resolution MSC.220(82),29 the IMO’s Maritime Safety Committee adopted an 
amendment to the ICG Code where CO2 was included in Chapter 19. In a CCS context, CO₂ is typically 
transported as Liquefied CO₂ (LCO2) with ships and therefore is required to comply with the IGC.  

LCO2 is not flammable or highly toxic, but it does present unique properties due to its thermodynamic 
properties and the effects of possible impurities in the cargo. Therefore, it is recommended to adopt a 
risk-based approach to identify the unique hazards of CO2 and then select the most efficient barriers 
for safety and environmental protection and meet the functional requirements outlined in the IGC Code  

2.2. Infrastructure Considerations 

Ports can act as both import and export terminals for CO2. This may include pipelines and other 
infrastructure as part of land-based CO2 networks, e.g. CCUS clusters. In terms of the maritime sector 
specifically, they may also be required to handle liquid CO2 captured elsewhere and delivered by ship 
and/or captured directly from a ship’s exhaust gases in a process known as Onboard Carbon Capture 
(OCC). In both cases, ports will need dedicated and specialised infrastructure, systems and 
processes in place to offload and handle this CO2 in ways that minimise vessel downtime and 
deviations from regular port and ship operations. Infrastructure will likely include a combination of 
new systems and ones that are aligned with existing liquid cargo handling, as well as more general 



 

The Maritime Opportunity  

7 

shipping procedures and practices. Options regarding connectivity to existing land-based CO2 
networks and interoperability between ports and other reception facilities must be considered. 

or CO₂ handling at ports to become a central component of CCUS networks and general carbon 
management strategies, interoperability between ports, ships, and storage hubs is crucial for efficient 
and cost-effective operations. As projects develop in different parts of the world, differences in CO₂ 
transport conditions and offloading infrastructure can create significant challenges for seamless 
operations. This would be counterproductive and requires significant levels of trust and coordination 
between project developers if it is to be avoided. (The EverLoNG project underscores the need for 
harmonised infrastructure and handling systems to facilitate smooth CO₂ transfer between ports and 
storage facilities)2. 

While all of this is technically possible today, several key infrastructure-related challenges need to be 
addressed before regular and widespread handling and offloading of liquid CO2 at ports becomes the 
well-established norm that it needs to be. These arise from a combination of the unique 
characteristics of the maritime sector, including operational unpredictability, logistical complexities 
and the specific demands of CO2 handling and integration with CCUS networks. 

 

 CO2 shipping3 

 
Figure 1: CO2 shipping chain (source: Industrial decarbonisation: getting ready for non-pipeline transport) 

Port Suitability 

The ports most likely to undertake CO2 handling operations are larger ports aiming to become global 
CO2 hubs and those associated with existing or planned CCUS networks – projects and clusters – such 
as the Port of Sluiskil (Northern Lights) and the Port of Ejsberg (Greensand). Such ports will generally 
require the following: 

 
2 Skagestad, R. et al. (2024). CO2 offloading alternatives and guidelines. Deliverable ID D2.1.1. Available at: 
https://everlongccus.eu/about-the-project/results [Accessed 11/03/25] 
3 CCSA/ZEP (2024). Achieving a European market for CO2 transport by ship, 2023. Achieving a European 
market for CO2 transport by ship - Zero Emissions Platform. Available at: 
https://zeroemissionsplatform.eu/wp-content/uploads/ZEP_report_HD.pdf [Accessed 11/03/25]Available at: 
https://zeroemissionsplatform.eu/wp-content/uploads/ZEP_report_HD.pdf [Accessed 11/03/25] 

Commented [PP1]: What is purpose of this *? 

Commented [PP2R1]: What are the stars for? 

https://www.ukri.org/publications/industrial-decarbonisation-getting-ready-for-non-pipeline-transport/
https://everlongccus.eu/about-the-project/results
https://zeroemissionsplatform.eu/wp-content/uploads/ZEP_report_HD.pdf
https://zeroemissionsplatform.eu/wp-content/uploads/ZEP_report_HD.pdf
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• Quayside infrastructure/facilities 

o Space available for key infrastructure for loading/offloading, buffer storage, and 
perhaps CO2 conditioning 

o Bunkering facilities 

o Utilities: water and electricity supply, waste removal facilities 

• Be able to accommodate suitably sized vessels, and in sufficient number, so as to be able to 
cope with demand 

CO2 Liquefaction 

CO2 may arrive at port from different sources and via different transport modes. If transported via 
pipeline, CO2 is likely to arrive as a gas and will, therefore, need to be liquefied for temporary, buffer 
storage before onward transportation via ship (or road/rail).  

Buffer storage 

The amount of buffer storage required will depend on a range of project/site-specific variables, 
including but not limited to berthing capacity, expected CO2 volumes, ship capacities, routes, 
schedules, travel times, and quayside land availability. However, quayside storage capacity of at least 
140% of ship capacity has been proposed, with additional capacity recommended where further 
uncertainties are concerned4.  

Ship type and capacity 

Transporting liquefied CO2 via ship is a proven technology deployed in food grade and other industrial 
use cases, typically at low or medium pressure (6-15 barg). Some degree of standardisation is 
desirable for dedicated CO2 carriers serving large CCUS networks. The Northern Lights project has 
already taken delivery of the first of four carriers designed to operate at medium pressure of 15 barg 
(max. 19 barg) and -26oC (min. -35oC)5. It is expected that medium pressure will become the norm for 
vessels of up to 25,000m3 capacity operating in/around the North Sea region. However, lower 
pressures (5-10 barg, -55 to -40oC) may be preferable for longer distances. These ships, of course, 
need to be built - a process that can take up to 30 months with current build start waiting times of 
between 3-4 years5. 

Loading/Offloading6 

CO2 can be loaded/offloaded using flexible hoses or fixed loading arms, both of which are well-
understood technologies in operation today for handling liquified gases, including CO2. Care will need 
to be taken to ensure CO2 specification is such that any impurities arising from the co-mingling of CO2 
from different sources do not damage infrastructure. 

Port infrastructure and flexibility 

Large ports are typically very diverse, with multiple terminals catering to different vessel types and 
cargo operations. Developing flexible CO₂ reception facilities capable of handling various ship 
designs, volumes, and offloading intervals is essential but challenging. Ports must also integrate OCC 

 
4 UKRI (2024). Industrial decarbonisation: getting ready for non-pipeline transport. Available at: 
https://www.ukri.org/publications/industrial-decarbonisation-getting-ready-for-non-pipeline-transport/  
5 Northern Lights (2024). Northern Lights’ first CO2 transport ship ready for delivery. Available at: 
https://norlights.com/news/northern-lights-first-co2-transport-ship-ready-for-delivery/  [Accessed [11/03/]25] 
6 Skagestad, R. et al. (2024). CO2 offloading alternatives and guidelines. Deliverable ID D2.1.1. Available at: 
https://everlongccus.eu/about-the-project/results [Accessed 11/03/25] 

https://www.ukri.org/publications/industrial-decarbonisation-getting-ready-for-non-pipeline-transport/
https://norlights.com/news/northern-lights-first-co2-transport-ship-ready-for-delivery/
https://everlongccus.eu/about-the-project/results
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[is there an earlier definition of OCC?] operations without disrupting existing operations, which will 
require careful activity planning and investment in adaptable infrastructure. 

CO₂ specification 

Strict purity requirements for CO₂ streams create technical challenges for OCC. Mixing CO₂ streams 
from different vessels, which may vary due to operational or system differences, could result in non-
compliance with storage or utilisation standards. Ports may, therefore, need to consider CO2 
conditioning and purification systems/services. This is likely particularly relevant for ports handling 
multiple ships with different capture technologies and/or fuel types. 

Large-scale deployment 

Generally, for large-scale deployment of OCC to happen, ports will need to scale up infrastructure to 
accommodate increasing CO₂ volumes over time and manage diverse vessel requirements while 
maintaining high operational efficiency. Coordination between shipping companies, port authorities, 
and CO₂ transport and storage operators will be critical to ensure smooth operations. 

2.3. Technology Aspects 

Unlike the supercritical conditions required for transportation through pipelines, CO₂ is currently 
transported as LCO₂ with ships. Under the temperature and pressure conditions used for LCO₂ storage, 
its volume is reduced to approximately 1/500th of its gaseous volume at standard temperature and 
pressure (STP). 

With the understanding that CO2 can be held in liquid phase between the triple point and the critical 

point, liquid CO2 storage conditions are categorised into LP, MP and high pressure (HP) conditions. 

The density of CO2 is an important factor to determine the containment volume required for the storage 
capacity onboard the ship. The density of saturated CO2 liquid will range from about 1176 kg/m3 at the 
triple point to about 468 kg/m3 at the critical point (CP). Thus, for a given containment volume, 
approximately twice the amount of liquid CO2 can be stored at conditions closer to the triple point as 
compared to the conditions near the critical point. The location of LCO2 storage tank will vary based on 
design considerations of each type of vessel. 

The mature experience in LPG/LNG carriers has been identified to be beneficial in the design of 
equipment for onshore and offshore offloading of LCO2. 

The development of LCO₂ carriers requires a comprehensive understanding of the behaviour of CO₂ as 
cargo. Impurities that may exist in the mixture of different carbon capture methods and processes can 
have a significant impact on: 

• Health and safety matters with toxic substances 

• Thermophysical properties of CO₂ mixture (phase diagram, density) 

• Corrosivity and material selection (corrosion through reactions, free water) 

• Reliquefication plant design (incondensable) 

Type C tanks are considered the most suitable for LCO₂ transportation and are traditionally cylindrical 
or bi-lobe shapes arranged in vertical or horizontal configurations. Plate thickness is correlated to 
design pressure and governs the maximum diameter and tank capacity. 

The material selection must account for the low-temperature operating conditions. According to the 
CO₂ phase diagram, a pressure of 6 barg corresponds to a temperature of -50° C, which is close to the 
limit for carbon-manganese steel. If the pressure is higher, higher steel plate thickness will be required, 
increasing the tank weight, complexity of tank construction, and weldability. These factors limit the 
tank capacity and increase the number of cargo tanks required to achieve the desired carrying capacity. 
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The emerging nature of CO₂ shipping and the absence of standardized guidelines for CO₂ cargo 
containing impurities present significant challenges. Impurities in the CO₂ stream can affect the 
system’s thermodynamic properties, making the prediction of design parameters under cryogenic 
conditions difficult. 

At higher pressure and temperatures, the pressure required for liquefaction increases, requiring thick-
walled tanks that can withstand higher pressures, which makes the HP conditions not viable for marine 

transportation. At lower pressure and temperatures, the pressure required for liquefaction is reduced, 

allowing the storage and transportation in relatively thin-walled tanks. 

The liquefaction and storage of CO2 under LP or MP conditions have been considered as viable options 

based on the energy intensity for liquefaction and the weight of the tanks. 

One of the biggest risks when carrying CO2 is the risk of solidification due to the pressures and 
temperatures falling below the triple point of CO2. Therefore, it is important that the operating, storage 
and discharging parameters are well within the acceptable limits. It is important to note that the 
impurities present in the captured CO2 affect the triple point of the CO2. In this regard, any safety alarms 
and cutouts are to be set well above this triple point of the captured CO2 and appropriate redundancies 
are to be provided to maintain the operational parameter 

2.4. Skills Barriers  

Scotland’s ambitious carbon capture utilisation and storage (CCUS) initiatives, particularly those 
involving offshore operations, are poised to increase the demand for mariners and marine-related 
skills. The North Sea's potential to store up to 78 billion tonnes of CO₂, with roughly two thirds of that 
capacity in Scottish waters, makes it central to these plans. However, the maritime sector is already 
grappling with a skills shortage, which could pose challenges for the timely execution of CCUS 
projects. 

To mitigate these challenges, it's essential for the UK to further invest in training and upskilling 
programs tailored to the maritime sector. This includes attracting talent to marine engineering, 
navigation, and offshore operations roles. Collaborative efforts between the government, industry 
stakeholders, and educational institutions will be pivotal in developing a workforce capable of 
supporting the nation's CCUS ambitions. 

The Maritime Skills Commission (MSC) highlight the concerns of an ageing workforce: the average age 
of a maritime professional sits at around 45 years, with nearly 40% of the workforce over the age of 
50, and a mere 14% aged under 30. Combine this with the anticipated increase in demand for ‘green’ 
jobs from developments in renewable energy, clean technologies and alternative fuels and the scale 
of the issue becomes stark.7 

 
7 https://workboat365.com/bridging-the-skills-gap-in-the-uk-maritime-sector/ 

https://workboat365.com/bridging-the-skills-gap-in-the-uk-maritime-sector/
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Figure 2. Current data projecting both the UK & Scotland’s required CCUS roles between 2025-2030, via: Energy Skills 
Intelligence Hub. Please note, this is likely to change as further CCUS project announcements are made. 

Within the energy industry, the threat of a lack of skilled workers as we move towards 2030 has been 
well-documented. Some reports indicate as many as 200,000 additional workers will be required to 
service the UK’s busy project pipeline. To adequately plan for this, it is critical to properly understand 
what the needs and demands of both emerging and mature sectors are, including across the 
spectrum of CCUS activity. [where does this refer to Fig. 2?] 

Scotland faces several challenges in attracting and developing the skilled workforce needed for its 
CCUS projects. These challenges are tied to the scale of Scotland’s ambitions for its energy transition 
and the readiness of its labour market to meet demand. These challenges include: 

Skills Gap in the Workforce: many of the immediate skills needed for the CCUS can be taken from 
the workers in Scotland’s traditional oil and gas sector.  Although, as the CCUS sector evolves, more 
specialised gaps may emerge. The CCUS industry demands expertise in areas like carbon storage, 
pipeline infrastructure, and environmental monitoring, which are relatively new fields. 

Competition from Other Sectors: renewable energy sectors, such as offshore wind and hydrogen, 
are also rapidly expanding and competing for skilled workers. The global demand for energy transition 
specialists means that Scotland competes on an international stage for talent. 

Limited Training and Education Programs: whilst there are initiatives to upskill workers, Scotland 
currently lacks upskilling training programs that are tailored specifically to CCUS. The slow 
development of structured pathways to transition workers from declining sectors, into CCUS roles, is 
a bottleneck. 

Uncertainty Around CCUS Projects: delays in funding approvals and project timelines (e.g., the 
Acorn Project) create uncertainty, making it harder to attract and retain workers who may prefer 
industries with more established career prospects. Research undertaken in a recent report by OPITO 
shows industry qualifications gaps are a significant barrier for young people interested in energy 
industry careers. 
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Costs of Transitioning Workers: transitioning workers from oil and gas into CCUS roles requires 
investment in reskilling programs, which employers may be reluctant to fund without clear policy and 
financial support. 

Dependence on Policy and Government Action: Scotland’s ability to attract workers depends 
heavily on government incentives, policies, and investment in CCUS projects. Without consistent 
support, including subsidies or tax benefits, companies may struggle to create competitive job 
opportunities in the sector. 

With these challenges being clear, decisive action is required. 

 

 

 

 

 

 

 

 

 

3. Recommendations  

Recommendations 

1 
UK and EU ETS to mutually recognize and align on CO2 storage such that CO2 which 
has been stored in either jurisdiction is not considered as emitted (bilateral 
agreements then enable countries and regions to transport CO2 across borders) 

2 IMO to set standards and regulations for global systems 

3 
CO2 Quality and Purity; develop standardised specifications for CO2 quality to 
optimise ship design, minimize potential issues during transport and storage and 
facilitate interoperability across projects 

4 Plan efficient shipping routes to minimize transportation costs and emissions 

5 
Identify and upgrade key Scottish ports to accommodate CO₂ import and export by 
investing in specialised offloading infrastructure and quayside facilities 

6 
Form a Scottish CO₂ Shipping Working Group to align initiatives among port 
authorities, shipping and logistics providers, regulators, technology developers, and 
research institutions 

7 Develop and endorse clear training pathways and apprenticeships for maritime roles  

 

4. Further Information 

• https://www.wr.no/aktuelt/legal-challenges-with-cross-border-transportation-of-co2 

• https://www.ccusnetwork.eu/sites/default/files/TG3_Briefing-CO2-Specifications-for-Transport.pdf 

• A review of large-scale CO2 shipping and marine emissions management for carbon capture, utilisation 

and storage (https://doi.org/10.1016/j.apenergy.2021.116510) 

https://www.wr.no/aktuelt/legal-challenges-with-cross-border-transportation-of-co2
https://www.ccusnetwork.eu/sites/default/files/TG3_Briefing-CO2-Specifications-for-Transport.pdf
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• https://www.slaughterandmay.com/insights/importedcontent/regulatory-barriers-to-a-european-market-

for-co2-transport-by-ship/ 

• https://onlinelibrary.wiley.com/doi/pdf/10.1111/reel.12399 

• https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2024.1423962/full 

• SIGTTO Carbon Dioxide Cargo on Gas Carriers (1st Ed, 2024) 

• https://www.gov.uk/government/news/expanding-and-strengthening-the-uk-emissions-trading-scheme 

 

https://www.slaughterandmay.com/insights/importedcontent/regulatory-barriers-to-a-european-market-for-co2-transport-by-ship/
https://www.slaughterandmay.com/insights/importedcontent/regulatory-barriers-to-a-european-market-for-co2-transport-by-ship/
https://onlinelibrary.wiley.com/doi/pdf/10.1111/reel.12399
https://www.frontiersin.org/journals/marine-science/articles/10.3389/fmars.2024.1423962/full
https://www.gov.uk/government/news/expanding-and-strengthening-the-uk-emissions-trading-scheme

