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(SAR), China. 
b School of Law, University of Reading, Foxhill House, Shinfield Road, Whiteknights, Reading 
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Abstract 

The transport of CO2 by ships for storage or utilisation is a component of CCS/CCUS systems 

which has been considered based on existing ship designs and on the assumption that the 

internationally agreed standards are always applicable and always constrain the ship and storage 

designs that can be used. This paper demonstrates that, for systems developed with one or two 

jurisdictions, novel ship and storage designs can be considered irrespective of the international 

regulatory system. Significant discretion also exists within the international regulatory system for 

novel designs. Thus, the consideration of cost and efficiency of CCUS systems need not be 

constrained to existing ship designs. In addition, the established limitation of liability regime, 

which protects shipowners, charterers, managers, and operators of ships, provides an upper limit 

for the financial exposure for losses during transport by ships, an aspect which is not well defined 

when pipelines are used.  

1 Introduction 
The increase in atmospheric greenhouse gas concentrations caused by, primarily, the use of fossil 

fuels has created serious risks for humanity. Reducing the atmospheric emissions of greenhouse 

gases can moderate some of the risks posed by climate change and enable policies for adaptation 

to be effective. Within this context and because the cost and availability of renewables is 

significant higher than that of using fossil fuels, capturing and storing the produced carbon dioxide 

in order to avoid its emission to the atmosphere has been proposed as an interim solution. Carbon 

capture and storage/sequestration (CCS) reduces atmospheric GHG emissions thus prolonging the 

use of fossil fuels. Provided that the cost is cheaper than that of renewables and that the stored 
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emissions are sealed from the atmosphere for centuries, CCS is an option that has been considered 

for more than two decades. To reduce the cost further the utilisation of the captured CO2 has been 

considered making the waste management operation of CCS to a financially less burdensome 

operation of Carbon Capture Utilisation and Storage (CCUS). The most viable utilisation 

procedure is currently the use of the CO2 to enhance the recovery of oil and gas (CCUS-EOR) 

from existing oil and gas fields being in the last stage of their operation [1].  

The storage of CO2 in depleted oil fields requires the transport of captured CO2 from the point of 

capture to the storage place, which can be on land or at sea. It is technically possible to utilise all 

available modes of transport, including pipelines, ships, railways, and trucks as components of a 

CCS or CCUS system. Pipelines are currently considered the better onshore option while ships 

and pipelines offer cost effective options for offshore storage [2]. Pipelines have higher capital 

costs and lower operating costs than ships[2], however the financially optimal transport method 

depends on the volume of CO2 to be transported and the distance of the storage place from the 

point of capture [3]. In situations where there are multiple points of capture and the storage 

formation is offshore, or where island states without storage capacity are concerned, ships can be 

the better option.  

Each transport system involves the risk of an accident imposing liability on the operators. The 

relevant risk between pipelines and ships can be assessed by considering the analysis of oil 

pollution accidents from pipelines and ships [4]. Thus, a complete assessment of the financial 

efficiency of each type of transport must include the liability arising from such accidents. In this 

respect, although ships have been involved to more incidents and to larger oil spills, so one would 

expect that the situation with the carriage of CO2 would be analogous, from the point of view of 

their operators, ships have an advantage in that shipowners are protected by a legal framework of 

limitation of liability rights.  

The comparison between pipelines and ships within various conceptualisations of CCUS systems 

has been based on existing ship designs. However, because existing CO2 carriers have small 

capacity, the development of larger CO2 carriers is considered necessary. In addition, the 

GHYHORSPHQW�RI�³GXDO�SXUSRVH´�VKLSV�FDUU\LQJ�/1*-gas in one direction and CO2 for storage on 

the return journey is also under consideration [5]. This option has evident environmental 

advantages in that what would have been a voyage on ballast for an LNG carrier would be used 

for the carriage of CO2. Thus, for CCUS-EOR systems both voyages would be profitable.  
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Existing CO2 carriers are constructed and regulated under the International Maritime Organisation 

(IMO) regulatory and liability system. The IMO is a UN body established by international treaty, 

where globally applicable safety and environmental standards are negotiated [6]. The IMO system 

develops regulatory standards based on consensus between states. To achieve consensus 

negotiations may take significant time and their implementation can be delayed. The advantage of 

developing globally applicable regulations means that compliant ships can trade internationally 

based on certification provided by the flag state.  For existing CO2 carriers, the international 

regulatory part is included under the mandatory International Code of the Construction and 

Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code). Ships built in compliance with 

the IGC Code are permitted to trade globally provided they remain properly certified and 

compliant.  

Where the CCUS planning requires larger CO2 carriers than those presently available, or dual-

purpose ships, developing designs compliant with the IGC Code is only one of the options 

available, especially where the CCS/CCUS-EOR system is planned to operate exclusively in the 

jurisdictional areas of one state, or where only two states are involved. In such circumstances 

international law permits alterative regulatory arrangements for the operation of these ships. 

Developing larger CO2 carriers or dual-purpose ships outside the IGC Code framework would be 

faster and the modification of applicable standards would be easier than under the IGC Code. 

However, ships non-compliant with the IMO instruments will not enjoy the global trading 

capabilities of the IGC Code compliant ships.  

This paper considers the regulatory and liability options for the use of CO2 carriers where (a) the 

CCS/CCUS-EOR system requires maximum flexibility, thus full compliance with the IGC Code 

is required; where the CCS/CCUS-EOR system is located in one state, that is the shipment of  CO2  

and the discharge from the ship is located within the jurisdictional zones of one state; and (c) where 

the loading and discharge ports  are located in two states.  

These options have not been considered in the literature simply because there is an underlying 

assumption that only IGC Code compliant ships provide legally acceptable options. This paper 

explains why this assumption is incorrect and ship designers can consider designs beyond the IGC 

Code standards. It is argued that considering these alternative regulatory arrangements could 

provide faster development of new designs of CO2 carriers adopt custom made liability regimes 

favouring CCUS-EOR systems and can reduce uncertainty with respect to legal liability. These 
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alternative options may be able to reduce the cost and the liability exposure for national or bilateral 

CCS/CCUS-EOR systems.  

 

The legal options for the development of CO2 carriers are based on the rights states enjoy under 

international law.  Thus, an outline of the international legal arrangements for the governance of 

ships is presented in the next section.   

2 Legal responsibility for the operation of ships under international 
law.   

The current legal framework for the governance of shipping is contained in the LOSC which, 

partly, codifies pre-existing customary international law. The governance of shipping balances the 

interest of coastal states which wish to have some control on the ships passing close to their coasts 

DQG�WKURXJK�WKH�FRDVWDO�VWDWH¶V�ZDWHUV�DJDLQVW�WKH�QDYLJDWLRQDO�LQWHUHVWV�RI�WUDGLQJ�VWDWHV�ZKLFK�DLP�

for the widest freedom of navigation possible for their ships. In general, the rights of the coastal 

state with respect to the control of foreign ships reduce and the rights of the flag states for 

navigational freedom increase ass the distance from the coastline increases. 

7KH�FRDVWDO� VWDWH¶V rights are at their strongest when a foreign ship is voluntarily in its port or 

within its internal waters. The coastal state can impose conditions for entry for ships visiting its 

ports or can deny entry or even close its ports [7].  

In the territorial sea, i.e., the zone which extends up to 12 nm from the coast, the coastal state has 

sovereignty (LOSC Art.2) and can impose laws and regulations on foreign ships except those 

exercising the right of innocent passage [8]. The navigational right of innocent passage is granted 

to all other states under LOSC Article 17. A foreign ship in under innocent passage, when it is 

passing through the territorial sea of the coastal state in a way which does not prejudice the peace, 

good order and security of the coastal state. With respect to ships on innocent passage the powers 

of the coastal state are limited in two important, for this discussion, ways. First, the laws imposed 

on ships on innocent passage cannot, under LOSC Art. 21, result into imposing conditions on the 

foreign ship for the construction, design equipment and manning (CDEM) which exceed the 

internationally agreed standards. Thus, the coastal state is not at liberty to demand CDEM 

standards which differ from those internationally agreed. In addition, the coastal state cannot stop 

or detain a ship while the ship is on innocent passage and any enforcement with respect to a 
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violation of a FRDVWDO�VWDWH¶V�ODZ�KDV�WR�ZDLW�XQWLO�WKH�IRUHLJQ�VKLS�HQWHUV�D�SRUW�RI�WKH�FRDVWDO�VWDWH�

or, in some cases, a port of a third state or has to be effected towards the owner.  

Beyond the territorial sea and up to 200nm from the coastline the legal regime of the Exclusive 

Economic Zone (EEZ) provides for exclusive rights of the coastal state with respect to living and 

non-living resources, marine research, and protection of the marine environment. However, under 

Art. 58 of LOSC other states have freedom of navigation for their ships within the EEZ. The 

freedom of navigation in the EEZ has to be exercised with due regard to the rights granted to the 

coastal state. Furthermore, the coastal state is granted express rights to regulate ships sailing 

through the EEZ with respect to pollution under LOSC Art. 211(5). This is achieved by imposing 

laws on foreign ships passing through the EEZ.  However, the laws that the coastal state can impose 

have to conform with the internationally agreed standards. The coastal state also enjoys 

enforcement powers for the violation of such laws against foreign ship passing through the EEZ 

(LOSC Art.220). With respect to safety regulations and other, than pollution laws, the EEZ is 

equivalent to the legal regime of the high seas which is explained below.    

On the high seas all states enjoy a number of freedoms including the freedom of navigation. Thus, 

every state has the right to sail ships flying its flag (LOSC, Art. 90) and no state has the right to 

enforce its laws or interfere with a foreign ship on the high seas except where the foreign ship is 

involved in piracy, slave trading, drag trafficking or unauthorised broadcasting. Thus, the 

regulation of ships on the high seas is a matter under the exclusive powers of the flag state which 

is also responsible for exercising control over its ships and for setting appropriate safety 

construction and operation standards [7][8][9]. Such standards should be in conformity to 

JHQHUDOO\�DFFHSWHG�³LQWHUQDWLRQDO�UHJXODWLRQV��SURFHGXUHV�DQG�SUDFWLFHV´��� 

3 International shipping regulations for CO2 carriers 
The role of international shipping standards is, as it has been explained, important in the discussion 

of the navigational rights of ships and the duties of the coastal and flag states. These standards 

operate in all three legal zones which have been discussed here. In the territorial sea, the 

internationally agreed regulations limit the power of the coastal state to develop laws concerned 

with the CDEM standards with respect to ships on innocent passage. In the EEZ, and in respect of 

pollution from ships, they limit the powers of the coastal state in developing pollution laws for 

foreign ships sailing through their EEZ. Finally, under LOSC Art. 94, they impose on the flag 



 7 

states an obligation to conform with them when discharging their duty to ensure the safety of their 

ships.  

The scope of these obligations needs to be clarified. With respect to the CO2 carriers, in particular, 

the question is whether the IGC Code is such an international regulation, procedure, or practice. 

of adoption by states required to make such internationally agreed standards compulsory.  

 

3.1 The IGC Code 
The IGC Code has been developed for the purpose of ensuring the safe transportation of liquefied 

gasses in bulk [10]. It has been made mandatory for states contracting to the SOLAS Convention 

since 1986 [11].  However, the mandatory character of the legal instrument does not all parts of 

the Code are mandatory. In particular, section 1.1.2 makes the provisions of one other section and 

three appendices recommendatory or informative. It follows then that when LOSC Art. 94 requires 

conformity with international standards, even if the IGC Code is considered as such an 

international standard it is unarguable that conformity with its recommendatory or informative 

parts is demanded.   

Because the IGC Code is part of SOLAS, there are a number of consequences. First, it is arguable 

that the IGC Code is included in the generally accepted international regulations which a flag state 

is required to conform to under Art. 94. This is because SOLAS has been ratified by 162 states 

which cover more than 98% of the world tonnage and its two main Protocols of 1981 and 2000 

have been ratified by 122 and 123 states respectively covering more than 97% of the global 

tonnage.  Because the IGC Code prescribes design and construction criteria for the containments 

of liquefied gas such criteria would arguably fall within the CDEM standards to the extent that 

they are not included in the IGC parts which are of a recommendatory or informative character.  

Under the IGC Code CO2 carriers are classed as a type 3G ship which is defined as requiring 

moderate preventive measures to preclude the escape of the cargo (Chapter 2 s.2.1.2). LNG carriers 

DUH�FRQVLGHUHG�DV��*�VKLSV�LQYROYHG�ZLWK�FDUJRHV�ZKLFK�³UHTXLUH�VLJQLILFDQW�SUHYHQWLYH�PHDVXUHV�

WR�SUHFOXGH�WKHLU�HVFDSH´��Thus, with respect to the development of dual-purpose ships, the risk 

classification of the ship would differ. The IGC Code requires in such a case that the more stringent 

rules apply (s. 2.1.4).  

A second consequence arising from the implementation of the IGC Code as part of SOLAS, is that 

its application is subject to the general SOLAS arrangements. Regulation 1 states that SOLAS 
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applies only to international voyages, unless expressly provided otherwise. Part VII, which makes 

the IGC Code mandatory, does not modify the general rule of SOLAS application. As a result, the 

IGC Code does not apply at all to CO2 carriers or dual-purpose ships which are not engaged in 

international voyages. The design, construction, and operation of such ships within the 

jurisdictional areas of a coastal state concerns only that coastal state. Thus, for coastal states which 

have storage capacity, the design and type of ships used is a matter for the maritime administration 

of that state alone.   

Furthermore, SOLAS Regulation 4(a) empowers the administration of the flag state to exempt 

ships which normally do not engage in international voyages from SOLAS requirements when 

such a ship undertakes an international voyage and provided that the arrangements are, in the view 

of the administration safe. The exemption cannot be used, of course, as the basis of regular 

transporting of CO2, but indicates that the mandatory application of IGC Code does not, as a matter 

of fact, mean that all CO2 or dual-purpose carriers have to be comply with each and every 

prescriptive aspect of the IGC Code in all international voyages.  

Thus, ships which depart from the detailed rules included under the IGC Code can still be 

considered as formally compliant with the IGC Code, provided that their departure from the 

detailed construction rules can be authorised by the flag state.  

The discretion available to the flag state administration is further supported by two provisions of 

SOLAS, i.e., Regulations 4(a) and 5. Regulation 4(a) authorises the flag to exempt a ship which 

KDV�IHDWXUHV�RI�D�QRYHO�NLQG�ZKHUH�WKH�DSSOLFDWLRQ�RI�62/$6�³PLJKW�VHULRXVO\�LPSHGH�UHVHarch 

LQWR�WKH�GHYHORSPHQW�RI�VXFK�IHDWXUHV´��7KLV�EURDG�H[HPSWLRQ�IURP�WKH�PDQGDWRU\�FKDUDFWHU�RI�

SOLAS concerns Part II-1 (Construction, Subdivision and stability, machinery, and electrical 

installations), Part II-2 (Fire protection, fire detection and fire extinction), Part III (Life-saving 

appliances and arrangements) and Part IV (Radio communications).  This power does not 

expressly refer to Part VII which demands compliance with the IGC Code. Two points can be 

made here. First, the IGC Code itself includes provisions enabling the use of novel designs. Thus, 

under Part F, the possibility of using limit state design for novel cargo containment concepts exists. 

Also s. 4.16.3 provides testing standards for novel structural designs which are detailed in 

Appendix 5. Thus, it appears that where the construction of a larger or dual-purpose CO2 carrier 

is concerned, the flag state has the power to exempt the particular ship or novel design to the extent 

this is concerned with the parts referenced in Regulation 4(a) and also the power to accept designs 



 9 

for the storage facilities onboard the ship which follow the IGC Code. The flag state has the duty 

to only do this where the arrangements for the novel design are such that the overall operation is 

as safe as the prescribed technical standards. Persuading the flag state to follow such a path would 

practically need to be done through one of the classification societies as most flag states would not 

have the expertise and the resources to engage in detailed testing of novel designs.     

Regulation 5 HQDEOHV�WKH�DGPLQLVWUDWLRQ�RI�WKH�IODJ�VWDWH�WR�DXWKRULVH�WKH�XVH�RI�HTXLYDOHQW�³ILWWLQJ��

PDWHULDO��DSSOLDQFH�RU�DSSDUDWXV´�LI�LW�LV�VDWLVILHG�³E\�WULDO�RU�RWKHUZLVH´�WKDW�WKH�DGRSWHG�HTXLYDOHQW�

is at least as effective as that prescribed under SOLAS. In such a case the administration has to 

report the equivalent arrangement, but its decision is authoritative and is not subject to any review 

by the IMO or by other states. The IGC Code includes the same provision for equivalents under 

s.1.3.  Ships authorised by the flag state to use equivalents are also compliant with the IGC Code 

and are entitled to certification by the flag state.   

4 Options for the regulation of CO2 carriers.   
It is evident then that, although the IGC Code is mandatory, its application does not affect ships 

operating within the jurisdiction of one state and, in addition, it provides exemptions and the 

possibility of experimenting with alternative designs provided that the required testing is 

undertaken. A ship exempted under such arrangements is, perhaps surprisingly, formally 

compliant with the IGC Code and with SOLAS and would be entitled to certification by the flag 

state. The overview of the relevant legal provisions enables the comparison of the regulatory 

constraints imposed on the various CCS and CCUS-EOR systems depending on where the 

discharge port or storage facility is located.   

4.1 Ships used within CCS/CCUS-EOR located within the jurisdiction of one state.  
Where an offshore CCUS system is within the jurisdiction of a coastal state, that state can specify 

the design, operational and safety rules for such a ship.  There is no issue of compliance with 

SOLAS or the IGC Code because these are not applicable to such ships.  

The coastal state may choose to provide express rules for the regulation of the ship, in a way similar 

to what the IMO does, or may choose to move away from the ³command and control´ regulatory 

regime and towards self-regulation. The national regulation of the offshore oil and gas sector 

provides an example of a regulatory regime which increasingly adopted self-regulation of the 

industry at various degrees. Self-regulation together with the relatively small number of companies 

involved in the offshore oil and gas sector has led, in turn, to a degree of harmonisation in the 
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applicable standards as companies prefer to have uniform standards globally [12]. This then has 

further led to efforts, by the industry, of standardisation of specifications of equipment used as the 

lack of standardisation made the design and production of equipment inefficient [13].   The 

³command and control´ approach focuses the regulatory process on the compliance with each 

regulation instead of the overall safety and outcome of the process. This can lead to failures and 

accidents despite the compliance with the letter of the law [14]. In addition, it imposes a significant 

cost on the regulator and may result into delays in implementing new and innovative technology. 

Self-regulation has been criticised as being able to work primarily for the largest companies 

involved in the most hazardous activities [14]. It does however reduce the burden of the coastal 

state which is only concerned with regulating the self-regulators rather than be involved with each 

and every new design or development and develop appropriate standards for them [12]. Where 

CCUS is a one state operation and particularly where CCUS-EOR is concerned there is no need to 

work for international regulation as all the control and the liabilities are under the jurisdiction of 

the coastal state. The result is the same whether the ship is a modified existing ship, a bespoke ship 

exclusively used for the carriage of CO2 or a bespoke ship carrying gas or other cargo one-way 

and CO2 in the return journey. While standardisation increases efficiency, it is optimum for it to 

occur where the technology is mature rather than constrain the development of new designs.  

 

4.2 Ships used within CCS/CCUS systems involving two states.  
For a CCUS system where two states only are involved, one as the exporting state and the other as 

storing state, there is a question whether the international legal arrangements constrain the 

development of CO2 carriers to the standards already in place, namely SOLAS and the IGC Code. 

It is assumed here that the ship is registered in one of the two states. 

If the ships just move between the jurisdictional zones of the two states without ever going on the 

high seas an argument can be made that the other states have no interest in regulating the standards 

for such CO2 carriers. Even if both states involved are assumed to be contracting states to SOLAS 

and it is further argued that, because the ship is in an international voyage, SOLAS and IGC should 

apply, there is no enforcement mechanism against that ship which can be activated by a state other 

than the two states involved.   

Where there are two states involved in such a system but the CO2 carrier has also to sail on the 

high seas, it is submitted that the two states involved are free to develop the design, construction 
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and storage standards involved. There is a difficulty in this submission arising from the operation 

of LOSC Art. 94(5) which requires the laws of the flag state to be in conformity with the 

³LQWHUQDWLRQDO�UHJXODWLRQV��SURFHGXUHV�DQG�SUDFWLFHV´.  The exact scope of this provision has not 

been subject of judicial interpretation. A commentator has gone as far as to argue that even states 

which have not signed up to such standards are obliged to conform to them [15]. This latter position 

is, it is submitted, unarguable. States are the supreme actors in international law and the suggestion 

that they are subject to a responsibility to conform to standards other states have adopted goes 

against the equal status of all states in international law. This is also supported by the practice of 

some flag states which are not signatory to SOLAS, and therefore to the IGC Code, and which 

they do not impose compliance to such instruments on their ships. Furthermore, such an 

interpretation would raise the question of how extensive the agreement should be to bind the flag 

state.  

The argument based on LOSC Art. 94(5) becomes stronger if the two states involved are parties 

to the SOLAS Convention. In such a case, it would then be arguable that the flag state should 

develop laws for a CO2 carrier which conforms to the international standards agreed by that state,  

for ships engaged in international voyages. However, once again a scenario where a third state can 

challenge the non-compliance with Art. 94(5) against the flag state or prosecute the ship is difficult 

to perceive. On the high seas, only the flag state has such powers and when the ship is within the 

jurisdictional areas of the two states involved only these two states would be practicably able to 

survey or enforce their laws on the ship. An alternative, more conservative approach, could require 

conformity to SOLAS and the IGC-Code to the extent that standards for novel designs for the 

cargos¶ storage are concerned. Thus, in such a case a bilateral agreement between the two states 

would suffice to enable any agreed type of ship to be utilized. Such arrangements have been used 

in the past to permit trading of nuclear ships.   

Where the ship has to go through the territorial sea of a third state the situation becomes more 

complicated. If the ship is a novel design which falls within the latitude granted to the flag state 

under SOLAS and the IGC Code, then the coastal would have to respect the innocent passage right 

irrespective of whether its national law would not have permitted the development or registration 

of such a ship. If the ship does not meet the criteria for a novel design, then there would be a 

TXHVWLRQ�RQ�ZKHWKHU�VXFK�D�VKLS�HQGDQJHUV�WKH�FRDVWDO�VWDWH¶V�RUGHU��VDIHW\�DQG�HQYLURQPHQW� LQ�

which case the passage is not innocent.   
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4.3 Ships suitable for use in CCS/CCUS-EOR operations in various states.  
Both of the two previous CCUS systems constrained the way ships could be used by their 

operators. Developing ships which may not be compliant with the IGC Code could make such 

ships unsuitable for operation in other states which demand compliance with the SOLAS and the 

IGC Code. Developing CO2 carriers which are fully compliant with SOLAS and the IGC Code 

requirements would ensure global operational capability for such ships and a market to sell them 

on if the CCUS completes its operation by filling in the storage facility or ceases to operate for 

whatever reason.  

The IGC Code recognises that the standards need to evolve, and new technology may require 

changes in the regulatory requirements. In addition, as it has been discussed, the IGC Code also 

permits experimentation under the supervision of the flag state and within specific limits. New 

designs requiring new regulatory standards eventually need to be approved and implemented 

through the IMO regulatory process. The IMO process takes, in general, longer than an approval 

from one administration and this may add on the cost and further delay in the development of 

CCS/CCUS-EOR systems. This leads to designers of such systems to rely primarily on existing 

ship designs when demonstration projects are developed [16].  The slowness of the international 

law-making is not exclusive to shipping regulations only. The well-known obstacle posed by Art.6 

of the London Convention to the export of CO2 was created by the inclusion of CO2 to the London 

Convention under 2006 Resolution LP 1/1. Efforts to overcome come it led in 2009 to resolution 

LP.3(4) permitting CO2 exports for storage. However, the resolution to amend the London 

Convention did not meet the required numbers for ratification because only a few states have an 

interest in CCS. Thus, a decision on its provisional application was adopted in 2019 [17]. Overall, 

it took 13 years to remove an obstacle created by an uncontroversial and unintended consequence 

of unsatisfactory drafting. The development of new rules and adoption of new-ship designs is also 

likely to take a lot of time despite the possibility that new ship designs may make CCS/CCUS-

EOR more efficient. There are also examples where the IMO has discussed and developed specific 

regimes for new craft [18][19][20][21]. The development of regulatory and liability arrangements 

at the IMO does not, however, guarantee the universal adoption of the technology. Thus, the 

development of a regulatory regime for nuclear ships [20] as well as a liability convention [21], 

were not enough to make the technology generally acceptable to states. As a result, the few 
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commercial nuclear ships that have been built operated on bilateral agreements between states. 

Thus, having an appropriate and, in the case where new technology is important, permissive legal 

framework is a necessary but not a sufficient condition for the adoption of CCS/CCUS-EOR 

systems. The three regulatory options are summarised in Figure 1.  

 
Figure 1. The treatment of novel designs for CO2 carriers for the various options discussed in the 

text. 

5 Liability arising from the operation of CO2 carrying ships. 
A major concern for investors, innovators, regulators and the public, is the allocation of the risk of 

damage caused through the operation of a ship. The transport of CO2 by ships poses risks for 

human life [22][23] due to the quantities involved and the onboard conditions of storage. The area 

at risk can be of a few hundred meters and depends on the temperature and pressure of the storage 

as well as the wind speed [22]. Since human life is vulnerable to large releases of CO2 other species 

are also likely to be affected in case of an accident. Thus, a ship carrying CO2 will be potentially 

hazardous to both human life and to parts of the marine environment on account of carrying a 

hazardous substance even if the environmental impacts are not likely to have long lasting effects. 

These risks are in addition to navigational hazards and to the pollution risk arising from bunkers, 

lubricating oils and other potentially hazardous material onboard the ship.  
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The probability of accidents for CO2 carriers or a dual cargo LNG-CO2 ships is unknown as we do 

not have systems operating long enough to enable such empirical estimates to be made. However, 

it is reasonable to assume that the risk of such accidents will be similar to the risks of LNG ships, 

which are known to be the safest in the market [24]. Thus, it is reasonable to assume that the extent 

of the potential liability would be similar. Whether this assumption would be proven true, would 

depend on the exact configuration of the CCUS system. For example, if the injection to the seabed 

is done by the crew of the ship there will be fewer people involved in the operation than if there 

was a dedicated terminal managing this process. Thus, the risk for loss of life or personal injury 

would be lower if it is assumed that the skills would be equivalent in both cases.  Notably though 

the liability in the latter case would not necessarily be for the shipowner while in the case of direct 

injection from the ship it would be so.    

 

5.1 Liability regimes 
Liability arising from shipping incidents is regulated under a number of international legal liability 

regimes and supplemented by national liability laws. Through the IMO, legal regimes covering 

marine pollution and based on strict, limited liability supported with compulsory insurance and 

direct action against the insurers have been developed. These facilitate the recovery of damages 

by third parties against the liable shipowner who, however, retains legal rights of indemnification 

and recovery from parties who have caused or contributed to the damage caused. Protection from 

OLDELOLW\� LV� DOVR� SURYLGHG� IRU� WKH� VKLSRZQHU¶V� HPSOR\HHV� DQG� FRQWUDFWRUV� LQFOXGLQJ� FKDUWHUHUV��

managers, and operators under the international conventions, while national rights of recovery are 

excluded when the international legal regime governs the damage caused. Thus, the operation of 

CO2 carriers will be covered by the existing shipping liability regimes or national liability laws if 

the international instruments are not applicable. The international liability regimes are outlined 

below.  

 

5.1.1 Spills of hazardous and noxious substances 
The International Convention on Liability and Compensation for Damage in Connection with the 

Carriage of Hazardous and Noxious Substances by Sea, 1996, its Protocol of 2010 form the 

liability regime relevant to damages caused by CO2 [25]. The 2010 HNS covers pollution damage 

but also loss of life, personal injury as well as property damage arising from hazardous and noxious 
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substances [26]. While the 2010 HNS is not in force yet there are continuing efforts to bring it into 

force. The 2010 HNS is also based on strict but limited liability, compulsory insurance, and direct 

action against the insurer. The 2010 HNS further establishes the 2010 HNS FUND which provides 

additional compensation oU�SD\V�RXW�ZKHUH�WKH�VKLSRZQHU¶V�VWULFW�OLDELOLW\�UHJLPH�IDLOV�WR�GR�VR�

[27].  

The 2010 HNS Convention is of particular importance for the carriage of CO2. This is because the 

carriage of liquefied and refrigerated, and liquefied carbon dioxide is covered by the International 

Maritime Dangerous Goods Code (IMDG Code) and comes under the International Code for the 

Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code) [10] [26]. 

This means that CO2 carriers ships will fall under 2010 HNS Convention [26]. Therefore, the 

registered shipowner will be strictly liable but with liability limited according to the size of the 

ship and with further funds available to claimants from the 2010 HNS Fund. Loss of life, personal 

injury, property damage outside the ship, damage by contamination as well as the cost (and 

damage) from preventive measures as well as reasonable measures of reinstatement of the 

environment will be compensated [26].  

The liability of the owner and its insurer is limited on the basis of the tonnage of the vessel and 

WKH�FDUJR¶V�IRUP�UDWKHU�WKDQ�RQ�WKH�DPRXQW�RI�KD]DUGRXV�DQG�QR[LRXV�VXEVWDQFHV�DFWXDOO\�FDUULHG��

For example, the limits for a 35,000 gt bulk CO2 carrier would be 59,500,000 SDR (84,490,000 

USD). The registered shipowner should be insured for this, otherwise the ship cannot trade. 

Claimants can also sue the insurer directly. 

The right to limit liability is virtually certain [26]. The HNS FUND forms a second tier of 

compensation of up to 250,000,000 SDR (approx. 351 m USD) inclusive of any compensation 

already provided by the registered owner under the 2010 HNS Convention.  

Under Art. 11 of the 2010 HNS loss of life and personal injury claims are paid first, within the first 

two thirds of the fund. The residual third is distributed pro-rata between any unpaid loss of life and 

personal injury claims, and all other property, environmental damage, and preventive measure 

claims. The 2010 HNS only permit claims for damage covered by it to be advanced under it and 

excludes national law remedies.  

However, until the 2010 HNS Convention comes into force loss of life and personal injury claims 

as well as any environmental damage caused by a CO2 carrier will be covered by whatever national 

system is in place. For common law countries, negligence will be one of the available legal bases. 
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Irrespective of the legal basis, the liability of the shipowner against third parties will be limited 

under one of the global limitations of liability regimes, most likely the 1976 LLMC as amended 

[27@�� ZKLFK� OLPLW� WKH� VKLSRZQHU¶V�� FKDUWHUHU¶V� PDQDJHU¶V� DQG� RSHUDWRU¶V� OLDELOLW\� IRU� PRVW�

operational damages arising from the operation of a ship. The limits of liability are determined by 

the size of the ship with more money available for compensation of loss of life and personal injury 

claims and less money available for property damage [26]. 

 

5.1.2 Oil spills from a CO2 carrier . 
Owners of a CO2 carrier, may additionally, face strict liability with respect to oil spill damage from 

bunker oil as well as wreck removal costs if the ship is lost. Damage for bunker oil is compensated 

under the 2001 BOPC [28] which provides for strict liability, compulsory insurance, and direct 

action against the insurer. It does not however create any special fund for compensation but instead 

preserves limitation of liability rights that are generally available to shipowners under national or 

international law [28]. Most states around the world provide such rights to limitation of liability 

under the 1976 LLMC as amended [27].  

Wreck removal in the EEZ of some coastal states is subject to the 2007 Wreck Removal 

Convention [29] which imposes strict liability, with compulsory insurance and direct action against 

the insurer, for the location, marking and removal of hazard from a hazardous wreck. This liability 

as well as liability under any national liability regime applicable in the other jurisdictional areas 

of the coastal state may be subject to limitation under the 1976 LLMC as amended. The 1976 

LLMC as amended, permits contracting states to exclude wreck removal costs from limitation. 

Several states have taken up this opportunity.  

CO2 carriers are unlikely to have significantly higher navigational or operational risks than similar 

LNG ships and therefore their operation will fit well within the existing insurance arrangements. 

The major legal liability regimes are shown in figure 2 and the limitation arrangements are shown 

in Table 1. 
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Figure 1. The exposure of liability by the shipowner of a CO2 carrier.  

 

Table 1. Liability and its limitation for a 20,000 gross tonnage ship.  
 Type of Liability Person Liable Type of damage 

covered 

Insurance Limits in SDR(*)  

HNS 2010 Strict Registered Owner Loss or life 

personal injury, 

property damage, 

pollution damage 

Compulsory 

insurance and direct 

action against the 

insurer 

37,000,000 

 

National 

liability 

regimes 

Depends / usually 

fault based 

Depends / wrong 

doer 

Loss or life 

personal injury, 

property damage, 

pollution damage 

Depends  

 

37,146,000 

BOPC 2001 Strict Registered Owner, 

Bareboat Charterer 

Manager, Operator  

Pollution Damage Compulsory 

insurance and direct 

action against the 

insurer 

12,382,000 
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WRC 2007  Strict Registered 

shipowner  

Location, marking, 

wreck hazard 

removal  

Compulsory 

insurance and direct 

action against the 

insurer 

Many states ± no 

limitation 

 

12,382,000 

 

 
(*) 1 SDR  was equal to US$ 1.442840  on 08/06/2021. The daily value of the SDR can be found at  

https://www.imf.org/external/np/fin/data/rms_sdrv.aspx 
 

5.1.3 Cargo losses and limitation amounts 
The carriage of goods by sea is a matter of contract and, in general, the contractual parties are free 

to negotiate the terms of the contract and allocate risks and liability. Only where the receiver of 

the goods is different from the party which have originally contracted with the carrier, statutory 

protection is provided to ensure that the carriage is subject to some minimum standards and the 

receiver of the goods is not subjected to unreasonable terms agreed between the shipper of the 

goods and the carrier. The statutory provisions are normally enactments of the three international 

conventions currently in force, namely the Hague Rules [30] or the Hague Visby Rules [31] or the 

Hamburg Rules [32]. Another international instrument, the Rotterdam Rules are not yet in force 

[33].  With the exception of the Hague Rules which do not provide for limitation of liability for 

bulk cargo the others have limits of liability of 2 SDR per kg, 2.5 SDR per kg and 3 SDR per kg 

respectively.   

Taking the SDR exchange rate with the US dollar at the time or writing, the limits of liability for 

1000 kg of CO2 would be for the Hague, Hague-Visby, and Hamburg Rules c $US 2,885, 3,607 

and 4,238 correspondingly. While the density of a cargo of CO2 would depend on the temperature 

and the pressure in the storage tanks, it is clear that the limitation amounts are high enough to cover 

the value of the lost CO2. Thus, no limitation issues will arise in this respect, unless the contract 

of carriage is not subject to any of the aforementioned carriage regimes and the contracting parties 

have imposed much lower limits of liability. This is not illegal and would also depend on whether 

bills of lading will be sued or whether other shipping instruments, for example, seaway bills, which 

are not subject to the aforementioned liability regimes, are used.  
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6 The missing link between regulation and liability 
It is important to note that the IMO regulatory and liability regimes are decoupled. In other words, 

a violation of a regulatory requirements under the regulatory conventions does not affect the degree 

of liability under the liability conventions, because liability is strict, nor the total amount payable 

to the victims of a shipping incident. Similarly, a violation of a shipping regulation does not in 

general affect the right to limit liability which, in turn, is regulated by a separate test based on 

intentional or reckless act committed by someone at the highest level of command of the ship-

owning company, VRPHWLPHV�FDOOHG�WKH�FRPSDQ\¶V�its alter ego, committed with knowledge of the 

particular loss.  

The decoupling between regulatory standards and liability means that, even if the ship is 

substandard and non-compliant with SOLAS or other regulatory convention the shipowner will 

still be entitled to limit its liability. Thus, it is possible to utilise the highly efficient limits of 

liability and insurance arrangements in the shipping sector even if novel, permitted or unpermitted 

under SOLAS and the IGC Code, designs are utilised.  Even where the operation of the CO2 

carriers is within one stare or between two states such ships will in all probability still be entitled 

to limit their liability. Thus, the financial risks with respect to damages caused by CO2 carriers will 

depend on the size of the ship involved and will be independent of whether the ship is engaged in 

the transport of CO2 nationally, between two states or internationally.  

7 The insurance of liability for CO2 carriers. 
The new carbon removal industry operations will bring opportunities for insurers. In general, 

insurers may increase their understanding of the new carbon removal risk operations by designing 

pilot offerings so as to gradually build up the necessary risk knowledge for profitable business in 

the future. Some insurers are already looking into such products [34]. The availability of existing 

limitation of liability rights facilitates insurance efforts. The importance of insurance and financial 

security in general cannot be understated. Ships are in general subject to ship arrest under two 

international conventions, defined as detention for civil liability claims [35] [36]. Such claims 

include loss of life and personal injury claims, property damage, contract claims, cargo claims, 

claims for provisions and, depending on the applicable international legal regime, for 

environmental claims too [37]. Such detention may seriously disrupt the operation of the CCUS 

system until security for the claim has been provided. Third party liability insurers routinely 

provide for such security. As it has been explained, because the right to limit is independent of 
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regulatory breaches by the shipowner and the risk is likely to be low, if the LNG market provides, 

as it has been assumed, a reasonable paradigm, the cost of insurance is unlikely to be higher than 

that for LNG carriers.  

8 Conclusions 
Where a new design of ships complies with existing international standards, then both the 

regulatory and the liability frameworks are already in place, and it is only a question of whether 

the commercial advantages of the new design would establish or eliminate the innovative design 

from the market.  

For CO2 carriers the regulatory legal framework is contained in the IGC Code. The implementation 

through the SOLAS convention means that this regulatory framework is inapplicable to CCS and 

CCUS-EOR systems trading within one jurisdiction. In turn, this means that, provided that the 

administration of the relevant state can be persuaded for the safety of a novel design, there is no 

constrain in the type of vessel or the type of containment used to store the CO2.  Such a ship will 

have to be dedicated to the specified jurisdiction, and will not be able to negotiate its participation 

to CCS/CCUS-EOR systems in other parts of the world without modification.  

The same, it has been argued, is true for ships operating between two states where the ship does 

not have to go into the jurisdictional area of another state. This argument is based on the fact that 

there are no enforcement mechanisms available to any third state against a foreign ship, unless its 

interests have been affected or the ship is in a port or a jurisdictional area of that state.  

Novel designs could, however, be promoted within the existing SOLAS and IGC Code framework, 

provided they meet some minimum criteria of safety. In such a case, ships have an international 

ambit of operation even if they depart from existing designs. No constraints in the navigation of 

such ships can be imposed by other states. Designs which do not meet the minimum safety criteria 

under SOLAS and the IGC Code would, if they can be demonstrated as being safe, can be utilised 

if the IGC-Code is modified a process which, because it requires international consensus to be 

built, would have a time scale which, in all likelihood, would exceed 5 years.  

Where ships are going to be used as the means of transport in CCS/CCUS-EOR systems the 

existing literature relies on existing designs on which the IGC Code has been based. This has 

standardised the procedures for approving CO2 carriers but has also focused new designs on their 

compliance with the standards contained in the IGC Code instead of focusing on the optimisation 

of the transport capability of such ships in a safe manner. This is an unnecessary constrain and 
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designers of CO2 carriers and CCS CCUS-EOR systems can consider new ship designs which can 

reduce the cost or increase the efficiency of the CCS CCUS-EOR system, at least where that 

system is within one state and also where only two states directly linked are concerned. The second 

conclusion concerns the liability exposure by shipowners. Because the right to limit liability for 

shipowners, charterers, managers, and operators RI� VKLSV� LV� QRW� FRQGLWLRQHG� XSRQ� WKH� VKLS¶V�

compliance with the regulatory regime the liability exposure for shipowners is, with very rare 

exceptions, set. In many states, this right to limit is an advantage ships have as the means of 

transport over pipelines [26].  The high certainty in limitation rights would then make insurance 

cover available. In the efforts to minimise the costs and maximise the efficiency of the CCS/CCUS-

EOR system, the designers of such systems can consider novel designs of safe ships which go 

beyond the constraints imposed by the IGC Code where the capture and storage system is located 

in one or two jurisdictions. The limitation of liability for ships must, similarly, be taken into 

account, when the operational costs of pipelines and ships are compared.    
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