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Foreword 
The European Maritime Safety Agency (EMSA) has been established under Regulation (EC) 1406/2002 

(as amended) of the European Parliament and of the Council for the purpose of ensuring a high, 

uniform and effective level of maritime safety, maritime security, prevention of and response to pollution 

caused by ships as well as response to marine pollution caused by oil and gas installations.  

Articles 1 and 2 (d) of the amended Founding Regulation foresee that the Agency shall assist the 

Commission in the performance of tasks assigned in legislative acts of the Union, including the ones in 

the field of prevention of pollution caused by ships. To that end, EMSA works on the development of 

mechanisms to support the implementation and uniform enforcement of Directive 2014/94/EU on the 

deployment of an alternative fuels infrastructure and in particular the development of the EMSA LNG 

Bunkering Guidance for Port Authorities and Administrations. 

In the above context the present document is developed in the frame of the implementation of Directive 

2014/94/EU respecting to LNG as a marine fuel and, in that frame, it is suggested as complementary to 

other reference documents (rules, standards and other guidance documents). No overlapping of 

existing requirements or industry guidance is intended and, should the main objective be summarised in 

one word, the EMSA Guidance aims at harmonization of requirements throughout ports in Europe, in 

good respect of safe and environmental bunkering operations with LNG fuelled ships. 

Port Authorities are here seen as fundamental players in the middle of a two-fold driver for the 

development of LNG as fuel in Ports. On one hand the expected increase in demand from LNG fuelled 

ships and, on the other hand, the regulatory requirements set by Directive 2014/94/EU on the 

'Deployment of an Alternative Fuel Infrastructure'. The International Code of Safety for Ships using 

Gases or other Low-flashpoint Fuels (IGF Code), entering into force on the 1
st
 of January 2017 and the 

decision for the 0.50% global sulphur cap by IMO, on the international stage, have been the most recent 

key factors favouring certainty in the adoption of LNG as fuel for shipping. The Directive 2014/94/EU, 

provides legal certainty to all potential users that LNG will be widely available in EU ports by requiring 

Member States to put in place an appropriate number of refuelling points for LNG to enable LNG inland 

waterway vessels or seagoing ships to circulated throughout the  EU TEN-T Core network by 31 

December 2025.   

An increase in LNG bunkering activities is therefore foreseen, with more ports offering LNG bunkering, 

also as a competitive advantage. Functional and technical requirements have been developed, assisting 

LNG bunkering operations with a procedural framework and with technical provisions for LNG bunkering 

equipment. Notwithstanding industry preparations for LNG Bunkering it is important to provide Port 

Authorities with the necessary information and suggested good practice for this type of operation.  

Several challenges have been addressed recently and solutions have been implemented on a 

significant number of small scale LNG bunkering installations/operations, involving LNG fuel trucks, 

barges and small scale fixed shore installations. Port Authorities have been fundamental to the 

development of LNG fuel offer in ports, working together with other stakeholders within a frame of 

sustainable development in maritime ports. 

The procedures used to develop this document included consultation with different stakeholders, 

including port authorities, maritime administrations, terminal, gas suppliers and government 

representatives and with the LNG experts sub-group of the European Sustainable Shipping Forum 

(ESSF). Further to all consultations the work has been assisted by an online survey that allowed all 

participating ports and other stakeholders to contribute. The result is a document holding an ambivalent 

ñinformativeò and ñguidanceò nature, aiming to provide Port Authorities/Administrations with the 

necessary advice and reference to guide their actions throughout the planning and operational stages of 

LNG bunkering. 
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Introduction 
LNG as an alternative fuel for Shipping has been increasingly adopted as a strategy for environmental 

compliance, either sailing or at port. With an immediate significant impact on the reduction of Sulphur 

Oxides emissions (SOx), Particulate Matter (PM), and also of Nitrogen Oxides (NOx) the motivations for 

the use of LNG as fuel in maritime transport are today highly favoured by a relevant multi-layered 

regulatory frame. At international level MARPOL Annex VI defines gradual and tiered approaches to the 

reduction of both SOx and NOx, respectively through Regulations 14 and 13 (figures 1 and 2, below).  

 
 

Fig.1 ï SOx staged reduction (MARPOL Annex VI) Fig.2 ï NOx tiered reduction (MARPOL Annex VI) 

On the Safety page the International Code of Safety for Ships using Gases or other Low-flashpoint 

Fuels (IGF Code), entering into force on the 1st January 2017, establishes the requirements for safe 

design, construction, and operation, of LNG fuelled vessels. On the EU frame the Sulphur Directive (Dir. 

2012/33/EU) and the Directive on the deployment of an Alternative Fuels Infrastructure (Dir. 

2014/94/EU) establish the particular European framework for the development of LNG as an alternative 

fuel for shipping. The Sulphur Directive by including LNG as a possible Emission Abatement Method
1
, 

and  Directive 2014/94/EU by establishing the clear obligation for EU Member States to make LNG, as 

an alternative fuel for shipping, available at maritime ports
2
 by the end of 2025 (for inland waterways 

ports the target objective is set for the end of 2030). 

  

Fig.1 ï MS Bergensfjord ï LNG fuelled RO-PAX ï 
LNG Fuelled vessels, from the outside, follow the 
exact same lines of traditionally fuelled vessels. 
LNG fuel is often, especially in passenger vessels, a 
feature not perceived from the outside. (courtesy of 
FJORDLINE) 

Fig.2 ï Potential reduction of air emissions (relative to use of 
HFO). The total elimination of Particulate Matter and Sulphur 
dioxide is the most relevant benefit, at local level, of a switch to 
LNG fuel. 

 

 

                                                      
1
 Reference is made to the provisions in the Sulphur Directive (Directive 2012/33/EU) allowing for the use of different Emission Abatement Methods, 

as defined by Article 4 c), subject to the criteria listed in Annex II of the Directive. In the letter of Article 4 c) Member States shall allow the use of 
emission abatement methods by ships of all flags in their ports, territorial seas, exclusive economic zones and pollution control zones, as an 
alternative to using marine fuels that meet the low-sulphur requirements. 

 It remains however to be noted that the criteria specified in the Sulphur Directive relates to the use of a mixture of BOG (Boil Off Gas) with HFO, 
by LNG carriers, at port, in order to meet the 0,10% EU sulphur cap in ports. Notwithstanding this LNG is used as an alternative fuel, representing 
a clear option for ships that, otherwise, would have to either use low-sulphur oil fuels or adopt a different Emission Abatement Method.   

2
 Member States to put in place an appropriate number of refuelling points for LNG to enable LNG inland waterway vessels or seagoing ships to 

circulated throughout the EU TEN-T Core network by 31 December 2025 (List of ports available at: 
http://ec.europa.eu/transport/sites/transport/files/modes/maritime/ports/doc/2014_list_of_329_ports_june.pdf)  

 

http://ec.europa.eu/transport/sites/transport/files/modes/maritime/ports/doc/2014_list_of_329_ports_june.pdf
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In the above context the development of LNG as an alternative fuel for shipping has been remarkably 

fast, with the involvement of ship operators, shipyards, Class Societies, different national competent 

authorities, including the obvious and fundamental active participation of Port Authorities. The 

technological steps given in the design of LNG fuelled vessels and LNG bunkering operations has been 

fast and keeping every stakeholder at the same pace in the development process is essential for a 

coherent, consistent and harmonized deployment of a safe LNG. The industry has been paramount in 

the whole process, adopting a good part of the LNG knowledge.
3
 

LNG for shipping in a Nutshell 

The table below summarizes the main technology aspects of LNG as fuel for shipping, with a brief 

indication of the main advantages and current challenges for this alternative fuel. 

Table 1 ï LNG for Shipping in a Nutshell, Technology, Advantages and Challenges 

 Technology Advantages Challenges 

Liquefied 

Natural Gas 

(LNG) 

Natural Gas stored as a 
cryogenic liquid.  The 
temperature required to 
condense natural gas 
depends on its precise 
composition, but it is 
typically between -120 and 
-170°C (-184 and ς274°F).    

LNG carriers have used this 
alternative fuel for more 
than 40 years now, mainly 
as a result of conveniently 
making use of cargo 
vapours due to impossible 
100% insulation 
effectiveness. 

Onboard storage of LNG is 
typically a challenge for 
ship design 

Engine concepts include 
gas-only engines, dual fuel 
4-stroke and 2-stoke. 

Environment. Environmental gains, 
both in GHG emissions and other 
relevant substances such as NOx, 
SOx and Particulate Matter. 

Availability. Increasing availability 
of Natural gas Sources. 

Energy Content. Energy density 
comparable to petrol and diesel 
fuels, extending range and reducing 
refuelling frequency 

Momentum. Significant number of 
first-mover initiatives with an 
increasing number of ships 
adopting LNG as fuel. 

Cost Effective. LNG achieves a 
higher reduction in volume than 
compressed natural gas (CNG) so 
that the (volumetric) energy 
density of LNG is 2.4 times greater 
than that of CNG or 60 percent that 
of diesel fuel. 

 

GHG Impact. LNG is mostly 
composed of Methane (CH4) ς 
comparative impact of CH4 on 
climate change is more than 25 
times greater than CO2 over a 
100-year period. Careful 
consideration needs to be 
given to any form of methane 
release throughout the Well-
to-Wake chain of LNG (i.e. over 
the life cycle of the fuel). 

Capital Investment. Relatively 
high investment costs 

Bunkering. LNG bunkering 
infrastructure still in 
development.  

Safety. Safety concerns 
associated to Low flashpoint 
and cryogenic nature of LNG. 

The full potential of LNG as Fuel for Shipping is yet to be explored. Many studies have been carried out 

to explore the technical and economic feasibility of this fuel and the results have shown promising 

conclusions leading to the inevitable assumption that further development of LNG ship fuel solutions will 

be seen in a very near future. Context driven aspects, such as fuel oil prices, are a possible ñslowdown 

factorò for the adoption of LNG, nevertheless it is important to develop the tools and the understanding 

that LNG as fuel will be a reality which will grow in maritime transport. In the same inevitable way Ports 

will have to consider due facilitation of LNG, depending on specific technical (and business) feasibility, 

risk and safety, amongst other factors. The present guidance is proposed as an additional tool to assist 

Port Authorities to welcome LNG as fuel in a clear and safe manner. 

Background 

As mentioned above, LNG is today a technically feasible option as an alternative fuel for shipping. An 

increasing number of ships have adopted it, with an increasing number of newbuilds at the order book. 

The forecasts, despite any context related oil price variations, still present an interesting uptake in all 

major ship types.  

                                                      
3
 A good part of the responsibility for the consolidation of knowledge and experience transferability from LNG cargo to LNG as a fuel for shipping is 

to be given to the Society for Gas as a Marine Fuel (SGMF, a new non-governmental organisation (NGO) established to promote safety and 
industry best practice in the use of gas as a marine fuel. 
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Fuel engine technology; ship design; fuel tank containment systems; control & detection, amongst other, 

are some of the different areas where LNG fuelled vessels can differ from each other. The technological 

diversity however does, in all cases, introduce an increase in systemsô complexity, and the low 

flashpoint nature of LNG highlights the Risk & safety concerns with a fuel that is not only physically so 

different from traditional oil fuels but that also brings additional operational challenges regarding its 

transport, delivery and use. 

On the regulatory context, the International Code of Safety for Ships using Gases or other Low-

flashpoint Fuels (IGF Code), approved in its final draft version in June 2015, is due to enter in force on 

the 1st January 2017. It contains mandatory provisions for the arrangement, installation, control and 

monitoring of machinery, equipment and systems using low-flashpoint fuels, focusing initially on LNG. 

The Code addresses all areas that need special consideration for the usage of low-flashpoint fuels, 

taking a goal-based approach, with goals and functional requirements specified for each section forming 

the basis for the design, construction and operation of ships using this type of fuel.  

LNG bunkering operations are however characterized by the interaction of multiple stakeholders and 

different regulatory contexts. This poses a challenge in different levels.  

Whereas the IGF Code establish technical and functional requirements for LNG bunkering equipment 

and operations, its focus is mainly on the receiving vessel, and on its preparation for safe LNG 

bunkering operations. The bunkering interface is of course required to incorporate these requirements 

and be in line with them, ensuring consistency with other relevant regulatory instruments such as the 

ADR Convention or the Seveso Directive. Some functional requirements for bunkering have been 

included in the draft IGF Code but are mostly related to the receiving vessel, leaving the organization for 

bunkering, from the port side, outside of scope. Some important concepts are however included in the 

IGF, particularly in Chapter 18 where the ñPerson in Chargeò (PIC) is defined, together with 

requirements on Check-lists and Communications, only to mention a few. 

Recent Standards & Guidance Development for LNG Bunkering 

There are currently different standards and guidance on LNG bunkering, either developed or under 

development. ISO has issued the Guidelines for systems and installations for supply of LNG as 

fuel to ships (ISO/TS 18683:2015), early in 2015, and is currently working on the finalization of 

ISO/DIS 20519 Specification for bunkering of gas fuelled ships. The last document is expected to 

bring a substantial set of functional requirements for LNG bunkering equipment and operations, 

including aspects such as bunker connectors, hoses, risk assessment, communications, safety 

distances, amongst many other aspects. 

SGMF, also early in 2015, has launched their SGMF LNG Bunkering Safety Guidelines, as the 

reflection from contribution of different industry stakeholders, with the objective to provide the LNG 

bunkering industry with the best practices in order to ensure that LNG fuelled ships are re-fuelled with 

high levels of safety, integrity and reliability. The LNG Bunkering Safety Guidelines include chapters on 

LNG Hazards (Leaks, Cryogenic, LNG Fire and Explosion), Safety Systems (Roles, People in Charge, 

Communications and Emergency Systems), Bunkering Procedures and Specific Safety Guidance for 

the different LNG bunkering modes. 

IACS, the International Association of Classification Societies, has published
4
 in June 2016 the IACS 

Recommendation on LNG bunkering (Rec.142), a document which would later result in an update of 

the SGMF LNG Bunkering Safety Guidelines, in May 2017, with this later document incorporating both 

earlier SGMF work and the integral reproduction of Rec. 142. 

Finally, the International Association of Ports and Harbours (IAPH) have developed specific LNG 

bunker checklists (IAPH LNG Bunker Check-Lists) for known LNG bunkering scenarios: ship-to-ship, 

shore-to-ship and truck-to-ship. These check-lists include specific requirements relevant for all parties 

involved in the LNG bunkering operations and are already in place in some ports where LNG bunkering 

operations are already in place.  

Collectively, the above standards and guidelines represent the most significant set of references for 

LNG bunkering operations, today. Together with different national requirements and local/port 

regulations they are instruments for safe LNG bunkering operations, including provisions on risk & 

                                                      
4
 IACS ς Rec.142 ς Recommendation on LNG Bunkering   

http://www.iacs.org.uk/publications/publications.aspx?pageid=4&sectionid=5  

http://www.iacs.org.uk/publications/publications.aspx?pageid=4&sectionid=5
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safety, bunkering/transfer equipment, training, bunkering procedures, amongst other aspects. Different 

bunkering modes are included and all stakeholders involved are featured with proposed good practice 

for safe operations addressing all parties. The receiving LNG-fuelled vessel, the LNG bunker 

barge/vessel; LNG truck; Terminal Operators, Person-in-Charge (PIC); they all find specific 

requirements which are relevant either to the equipment used in LNG bunkering operations, or to the 

procedures established as basis for the operation. Despite some variations in terminology, all existing 

guidance mentioned above is consistent with a common 3-phase approach, dividing LNG bunkering, in 

whichever mode, into 1) Pre-Bunkering; 2) Bunkering and 3) Post-Bunkering. An additional 4
th
 phase 

can even be considered: the Planning (where feasibility, risk and other studies pertaining permitting and 

certification are developed). 

The missing part, in the opinion of the ESSF and its subgroup of experts on LNG, is the guidance to 

Port Authorities/Administrations in the specific context of LNG bunkering planning, permitting and 

operations. Check-Lists and guidance, as mentioned above, give a good reference to the requirements 

for Ports to put in place; however this is only part of what is expected from competent port authorities. 

Byelaws, permitting, risk-based restrictions and tailor-made Emergency Response, amongst other 

aspects, are exclusive areas where Port Authorities/Administrations are given statutory powers and 

develop measures for good governance within the port area under their jurisdiction. Guidance to these 

competent authorities, on the different relevant aspects of LNG bunkering, is the objective of this 

document. The simple diagram presented in figure 1, below, (further developed in the definition of the 

Scope for the present guidance) presents the complete frame for LNG Bunkering where a triangle is 

completed between LNG Bunker supplier, Receiving Vessel and Port (competent) Authority.  

 

 

Fig.5 ï LNG Bunkering main stakeholder triangle 

EU Context 

Directive 2014/94/EC on the deployment of alternative fuels infrastructure, part of the EU Clean 
Power for Transport package establishes a comprehensive set of requirement for an inter-modal 
development of an alternative fuel infrastructure. As defined by Directive 2014/94/EC, availability of 
LNG in EU core ports is scheduled for 31 December 2025 (maritime ports) and 31 December 2030 
(inland ports), with the same document establishing an obligation for EU Member States to develop 
appropriate standards containing detailed technical specifications for refuelling points for LNG for 
maritime and inland waterway transport.  

In the context of the Directive, EU Member States are currently developing their National Policy 
Frameworks, in line with the provisions of Article 3 of the same instrument, to be notified to the 
European Commission by 18 November 2016. Following the notification of these, down to the 
operational level and towards implementation, it is important that EU harmonization can be supported, 
not only by reference to higher level international documents, standards or guidelines, but also by 
having in place guidance to the lower level requirement definition, where local and port authorities are 
envisaged. 
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Despite the provisions of the Directive, in fact, LNG bunkering is already well advanced and taking place 
in several ports in Northern Europe, with first movers and pilot project initiatives where LNG fuelled 
vessels operation represent the largest share of the worldwide LNG fuelled fleet. Co-financing 
programs, such as the CEF

5
, for studies, pilots and implementation works have been promoting and 

facilitating this development. It is now important to extract the main lessons learnt, specific experience-
based advice and to address the most relevant challenges to harmonization, such as permitting 
procedures and training/qualification requirements for all those involved in the operation. 

The Engineering solutions are already in place, demonstrated not only through the implementation of 
different LNG bunkering initiatives but also in several Feasibility Studies for prospective projects and 
ongoing implementation works. Not only it is possible to bunker LNG to a variety of different LNG fuelled 
vessels but also it is possible to do it safely and following a variety of different possible bunkering 
modes. The infrastructure is therefore expected to develop highlighting further the need to have a 
consistent minimum set of good practice references which, together with the existing standards and 
industry guidelines, can assist authorities in the different areas of LNG bunkering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
5 CEF ς Connecting Europe Facility is a policy aiming to realise a core transport network comprising nine major corridors, to be completed by 
2030. The infrastructure package stipulates a need to update the current energy infrastructure and also identifies a need to improve gas 
infrastructure. As part of the CEF, this package identifies priority gas corridors and projects that can be considered potential projects of public 
interest and likely to need funding under CEF. 
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Guidance Map 
The table below presents this Guidance map, with the structure 

Table 2 ï Guidance Map 

Part  Section Title Key Contents 

A. 
General 
 

м Scope and Applicability 
Scope and Application of the Guidelines 

н LNG as Fuel 

LNG as fuel 
LNG Bunkering modes 
Introduction to Equipment 

о Environment Good Environmental practice in LNG Bunkering 

B. 
Governance 

п Regulatory Frame 
Rules, regulations and standards 
Guidelines - Overview 
Check-lists 

р Ports 

Port governance principles 
Good governance and framework for LNG 
bunker  
operations in the port  
Drivers for LNG Bunkering options 

с Feasibility 
Feasibility studies 
Evaluation and support to prospective projects  

т Permitting 
Permitting Procedure 
Bunkering Location Selection 
Information management  

C 

Risk & Safety у Risk 
LNG Hazards 
Risk Criteria 
Risk Assessment Evaluation 

ф Control Zones Safety Distances & Control Zones 

D 

Organization 
мл Process Map & Organization 

LNG Bunkering Process 
Responsibilities 

мм SIMOPS Simultaneous Operations 

E 

Bunkering 

мн Bunkering 

LNG Bunkering Procedure 
Pre-bunkering 
Check-Lists 
Weather & Operational Envelopes 
Authorization Procedure 
Communications 
Lighting, Mooring and Access 
Control & Overview 
Traffic control 
Post-bunkering checks 
Purging and Inerting 

мо Incident Reporting 
LNG release reporting 
Incident reporting procedure 
Near Misses 

F 

Emergency 
 

мп 
Emergency Preparedness & 

Response 

Emergency, Preparedness and Response for 
different stages of the LNG Bunkering Process 
Approval of Emergency Response Plans 
Shore side contingency Plans 

D 

Certification мр Certification, Accreditation  
Compatibility Assessment 
Accreditation 
Certification 

мс Qualification and Training 
Qualification for personnel involved in LNG 
Bunkering 
Training 
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List of Abbreviations 

ACDS Advisory Committee on Dangerous Substances 

ADN European Agreement concerning the International Carriage of Dangerous Goods by Inland Waterways. 

ADR European Agreement concerning the International Carriage of Dangerous Goods by Road is a 1957 United 
Nations treaty that governs transnational transport of hazardous materials. 

ALARP άAs Low As Reasonably Possibleέ  

AIR Acceptable Individual Risk 

BFO Bunker Facility Organisation 

BOG Boil-Off Gas 

CCNR Central Commission for Navigation in the Rhine 

DWT Deadweight tonnage 

EAM Emission Abatement Method 

EC European Commission 

ECA Emission Control Area 

EEDI Energy Efficiency Design Index 

EMCIP European Maritime Casualties Information Platform 

EMSA European Maritime Safety Agency 

EPR Emergency, Preparedness & Response 

ERC Emergency Release Couplings 

ERS Emergency Release System 

ESD Emergency Shutdown System 

EU European Union 

FMEA Failure Modes and Effects Analysis 

FSU Floating Storage Unit 

GT Gross Tonnage 

HAZID Hazard Identification 

HAZOP  

HCRD Hydrocarbon Release Database 

HFO Heavy Fuel Oil 

HSE Health & Safety Executive 

IACS International Association of Classification Societies 

IAPH International Association of Ports and Harbours 

IMO International Maritime Organization 

ISGOTT International Safety Guide for Oil Tankers and Terminals 

ISO International Standardization Organization 

LCV Level Control Valve 

LDT Light Displacement Tonnes 

LEL Lower Explosive Limit 
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LFL Lower Flammability Limit 

LNG Liquefied Natural Gas 

LNGBMP LNG Bunkering Management Plan 

LOC Loss of Containment 

LOD Line of Defence 

LSIR Location-Specific Individual Risk 

MARPOL International Convention for the Prevention of Pollution from Ships 

MARVS Maximum Allowable Relief Valve Setting 

MGO Marine Gasoil 

NG Natural Gas 

P&ID Piping & Instrumentation Diagram 

PAA Port Authorities & Administrations 
(used throughout the document for simplification in the text) 

PLC Programmable Logic Controller 

PIV Person in Charge  

PPE Personal  Protective Equipment 

PSC Port State Control 

PSCO Port State Control Officer 

PTS Port-to-Ship  
(in some references: Terminal (Pipeline)-to-Ship) 

QRA Quantitative Risk Assessment 

QualRA Qualitative Risk Assessment (ISO/TS 18683) 

QCDC Quick Connect/Disconnect Coupling 

RA Risk Assessment  

RO Recognised Organisation 

RP Recommended Practice 

SECA Sulphur Emission Control Areas 

SGMF Society for Gas as a Marine Fuel 

SIGTTO Society of International Gas Tanker and Terminal Operators 

SIMOPS Simultaneous Operations 

SoC Statement of Compliance 

SSL Ship Shore Link 

STCW Lah /ƻŘŜ ŦƻǊ {ŜŀŦŀǊŜǊǎΩ ¢ǊŀƛƴƛƴƎΣ Certification and Watchkeeping 

STS Ship-to-Ship 

SWIFT Structured What-If Checklist (SWIFT) technique 

TTS Truck-to-Ship 

UEL Upper Explosive Limit 

UFL Upper Flammability Limit 

UNECE United Nations Economic Commission for Europe 

WPCI World Ports Climate Initiative 
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Instructions Guidance  
The EMSA Guidance on LNG Bunkering to Port Authorities/Administrations, hereafter referred to as 

ñEMSA Guidanceò offers, simultaneously, a reference to guide Port Authorities/Administrations (PAAs) 

through the relevant stages of LNG Bunkering Planning and Operations and, at the same time, an 

informative source on the different. The EMSA Guidance is divided into 4 (four) main Sections and 17 

(seventeen) sub-sections as presented in the Guidance Map. The table below presents the main 

objectives and practical aspects that can be found in each of the fifteen sub-sections. 

Table 3 ï EMSA Guidance on LNG Bunkering ï Sections insight 

Part Section Key Contents 

A. 
General 
 

1 Scope and Applicability ¶ Scope and Applicability of the EMSA Guidance are defined, 
especially in the context of other guidelines, standards and 
references of good practice in the context of LNG Bunkering. 

¶ List of Terms / Definitions with references. 

2 LNG as Fuel ¶ Informative section on the characteristics of LNG as fuel for 
shipping. 

¶ LNG Bunkering options and other possible operations with LNG 
as fuel 

3 Environment ¶ Overall benefits of LNG as fuel, remarkably on the reduction of 
GHG/CO2 emissions, are highly dependent on the adequate 
undersǘŀƴŘƛƴƎ ƻŦ ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴΩǎ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƛƳǇŀŎǘΦ  

¶ Apart from the informative aspects the present section defines 
best practice guidance to avoid mitigate the risk of natural gas 
emissions during LNG bunkering operations. 

B. 
Governance 

4 Regulatory Frame ¶ List of the main relevant instruments for LNG as fuel for 
shipping, with a particular focus to those where references to 
Bunkering can be found.  

¶ Description of the main references and applicability of different 
instruments on LNG Bunkering. 

¶ Best practice for the formulation of Port Regulations in the 
context of LNG bunkering. 

5 Ports ¶ LNG Bunkering is here regarded in the context of Ports Good 
Governance. Different Port management principles are 
considered and their particular aspects are, again, used to 
frame the specific case of LNG Bunkering. 

¶ In essence, sub-section 5 addresses the main aspects of Ports 
Good Governance, making the parallel with the LNG Bunkering 
development, from Planning to Operations. 

6 Feasibility ¶ A Feasibility Study incorporates a large number of aspects that 
are relevant for the development of LNG Fuel infrastructure. 
The elements which are relevant to Ports should be, on top of 
those directly related to the bunkering interface, also 
distribution links within Port Area, LNG small scale storage and 
others. 

¶ Only technical and operational aspects are included. Economic 
feasibility outside the scope of this document 

7 Permitting ¶ Sub-section intended to provide best practice in permitting 
processes for LNG Bunkering. 

¶ Included flow-chart with reference permitting process. 

C 

Risk & Safety 
8 Risk ¶ Part on LNG Risk / Safety including information on LNG safety 

hazards, risk assessment options, HAZID, HAZOP and related 
concepts. Not extensive and mostly referring to existing 
references on LNG and Natural Gas. 

¶ Best practice guidance on how to assess/evaluate Risk 
Assessment Reports. List of relevant elements/contents for a 
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Risk Study on LNG Bunkering. 

¶ Risk Criteria ς Existing Risk Criteria applicable to LNG 
Bunkering. 

9 Control Zones ¶ Best practice in the approval and definition of Control Zones, in 
particular of Safety Zone and Hazardous Zone. 

¶ Examples of best practice application in the definition of 
Control Zones. 

D. 
Organization 

10 Process Map & 
Organization 

¶ The core process of LNG Bunkering operation is defined, with 
consideration for different LNG Bunkering concepts. 

¶ Definition of Responsibilities. 

11 SIMOPS ¶ Proposal for a procedure to facilitate Simultaneous Operations 
during LNG bunkering. 

E. 
Bunkering 

12 Bunkering ¶ Bunkering process, with outline of the relevant events in 
bunkering, supported in a demonstration of an LNG transfer 
operation between two pressurized tanks (type-C) 

¶ Definition of the main technical concepts in the bunkering 
operation. 

¶ Outline of the necessary actions, from a Port Authority 
perspective, to be taken before, during and after LNG 
bunkering operation is authorized.  

¶ Procedures in Communications, Approval of Bunkering 
Operation, Implementation of Safety Controls, Verification 

13 Incident Reporting ¶ Definition of best-practice procedure for LNG Bunkering 
incident and near-miss reporting. 

¶ Check list / template provided with the essential elements 
suggested for LNG bunkering incident, or near-miss, reporting. 

F. 
Emergency 
 

14 Emergency 
Preparedness & 

Response 

¶ Best practice in Emergency, Preparedness and Response in the 
case of LNG related incidents, addressing all hazards listed in 
sub-section 8. 

¶ Emergency Plan for LNG Bunkering. 

G 

Certification 
15 Certification & 

Accreditation 
 

¶ Definition and differentiation of the different concepts. 

¶ Certification of LNG Bunkering equipment. Identification of 
relevant certification processes  

 

16 Qualification 
Training 

¶ Qualification for the necessary competencies to operate in LNG 
bunkering  

¶ Training for and on LNG Bunkering. In addition to the 
competences and qualification requirements. Training program 
for the Port Authority on LNG Bunkering supervision and 
Emergency response 

The objectives inside each section, as above described, is to provide PAAs with Information and 

Guidance on LNG Bunkering. Firstly, Information on the aspects already covered by other instruments 

(regulations, standards, industry guidelines), such as technical requirements for design, LNG bunkering 

concepts, modes and procedures for safe LNG transfer. Secondly, by providing Guidance to Port 

Authorities and Administrations in developing of the necessary control mechanisms, allowing for the 

safe development of LNG bunkering in EU Ports.  

The Guidance is structured in 4 (four) parts and 15 (fifteen) sections, following the natural sequence of 

the LNG bunkering Process. Each section contains Information and Guidance in a distinguishable 

manner through the format of the text and structure given to each sub-section. Figure 6, in the next 

page shows the difference in text section format between more informative part and the good
6
 practice 

guidance provided to PAAs by this Guidance.  

                                                      
6
 The word óbestô is generally not used in the onshore/offshore industries. This is because the goal is to encourage good practices that meet the legal 
requirements. The word óbestô implies exceeding the legal requirements (it also implies there is nothing better).  For many reasons (often cost) 
óbestô cannot be adopted although ógoodô practices can and are more likely to be adopted. 
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Labels are provided on the side of the document, dividing further the Guidance into the 9 (nine) labels 

as presented in tables 2 and 4. The labels provided for an intuitive division where the titles and sections 

are divided according to the sequence in LNG Bunkering.  

Table 3 ï EMSA Guidance on LNG Bunkering ï Sections insight 

Part  Section Title Labels 

A. General 
  

1 Scope and Applicability 

GENERAL  2 LNG as Fuel 

3 Environment 

B. 
Governance 
 

4 Regulatory Frame GOVERNANCE 

5 Ports 

6 Feasibility 

7 Permitting 

C. Risk & 
Safety  

8 Risk 
RISK 

9 Control Zones 

D. 
Organization 

10 Process Map & Organization 
ORGANIZATION 

11 SIMOPS 

E. Bunkering 
  

12 Bunkering BUNKERING 

13 Incident Reporting 

F. Emergency 14 Emergency Preparedness & 
Response 

EMERGENCY 

G. 
Certification 

15 Certification 
CERTIFICATION 

16 Qualification & Training 

 

 

Fig.6 ï EMSA Guidance ï Visual presentation of Best Practice recommendations 

 

Labels on the right side 
indicate the title to which 
the Parts and Sections are 
directly related to. 
 
To support with a more 
quick-reference guide. 
 
All aspects included in the 
General Part are not 
directly relevant to the 
implementation of control 
measures by Port 
Authorities. 

Best practice Guidance is 
identified through 
structure and format. 
 
The structure is presented 
with a numbered 
indication. In the example 
ǎƘƻǿƴ άwоΦнлέ ƛƴŘƛŎŀǘŜǎ 
the recommendation #20 
in Section 3. 
 
The format in bold is 
intended to provide also a 
more intuitive indication of 
the relevant Guidance text. 
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1. Scope, Applicability & Definitions 
This Guidance sets best practice control measures for LNG bunkering, and small scale LNG storage, 

relevant to Port Authorities-Administrations in their role on permitting, evaluating, approving, certifying, 

controlling, overviewing, documenting and providing/coordinating response in case of emergency. 

 Scope 1.1

The scope of this Guidance is limited to LNG bunkering
7
, covering the following elements

8
: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
7
 Elements related to LNG as cargo, LNG terminals or other LNG wider value chain are excluded from the scope of this Guidance. 

8
 Scope for the EMSA Guidance based on a gap analysis of existing references, in the context of the EU LNG Study, LOT1,  

 

Certification 
¶ Accreditation of the Bunker Facility Operator 

(BFO), 

¶ Qualification of the Person in Charge. 

¶ Applicability of an accreditation scheme for 
LNG bunker operators in the ports under their 
authority. 

¶ Certification of LNG bunker barges, non-IGC 
bunker vessels 

 

Permitting 

¶ Spatial planning 

¶ Approval of bunker locations. 

¶ Definition of simplified  

¶ Overall responsibility for the good 
governance and framework for LNG bunker 
operations in the port. 
 

 

Risk & Safety 

¶ LNG Bunkering Risk Assessment 

¶ Definition of Risk Acceptance Criteria 

¶ Evaluation of Risk Assessment reports ς 
Best practice for the evaluation of Risk 
Assessment report. 

  

Emergency 

¶ Approval of safety and emergency response 
plans  

¶ Emergency Preparedness & Response Plan 

¶ Shore side contingency plans, emergency 
response systems. 

¶ Definition of emergency procedures for the 
different types of LNG Bunkering. 

¶ Best practice in response to LNG Hazards. 

Quality Management 

¶ Several elements considered relevant to 
ensure the quality of the LNG bunkering 
process, from a PAA perspective. 

¶ Check-lists updated to include relevant 
indications for PAAs. 

¶ Incident Reporting. 

¶ Port Bye laws. Best practice in setting up 
port specific requirements. 

 

Operations 
¶ Control Zones  

¶ Safety Distance approval 

¶ Simultaneous Operations (SIMOPS) 

¶ Mooring of the receiving ship and bunker 
facility. 

¶ Check-lists 

¶ Operational Envelopes (weather conditions, 
sea state, wind speed and visibility) 

¶ General Procedures for Port Authorities. 

 

Regulations 

¶ High level instrument at EU and 
international levels, relevant for LNG 
bunkering. 

¶ Standards 

¶ Guidelines 

¶ Industry best practice 

¶ Port Regulations 

 

Training 

¶ Training Matrix with identification of multiple 
training requirements in the Bunkering 
Interface. 

¶ Competencies, Qualifications and Training for 
LNG Bunkering. 

¶ Qualification for the PIC 

¶ Training Certification 
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 Applicability 1.2

The EMSA Guidance applies to Port Authorities/Administrations (PAAs) when involved in LNG 

Bunkering within their areas of port jurisdiction, either during the exploratory and planning phases or, at 

later stages of development, already in the context of actual LNG Bunkering operations. 

The EMSA Guidance is applicable in a complimentary way to existing Standards, Guidelines and 

Industry Best Practice instruments, aiming to provide best practice recommendations to PAAs wherever 

their action is relevant, in control, evaluation, or even in guidance on the several different aspects of 

LNG bunkering. 

The EMSA Guidance is applicable to the control of LNG bunkering operations by PAA in EU Core Ports, 

wherever EU law is applicable. It is applicable for: 

ω Different LNG Bunkering methods, Fuelling with LNG at berth and Shore-side LNG electricity 

production 

 Å Different ship types and  

 Å Different locations (in port, off shore and terminal) worldwide. 

 

Fig.1.1 ï Applicability of the EMSA Guidance in the current context of LNG Bunkering 
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 Objectives 1.3

The objectives defined for the EMSA Guidance on LNG Bunkering are to assist Port 

Authorities/Administrations with: 

¶ The necessary elements to develop a harmonized procedure for the evaluation, control and 

through-life assessment of LNG bunkering projects. 

¶ Definition of a unified set of first principles for permitting and approval, including a common risk 

assessment evaluation approach and common suggested risk acceptance criteria for the 

bunkering of gas as fuel in the respective. 

¶ Implement harmonized bunkering procedures in EU ports to reduce the potential confusion 

caused by having to comply with different rules and regulations in different ports. 

¶ Clear suggested definition for the responsibilities of the different involved parties including 

landside and waterside authorities regarding the bunkering of LNG, both in in case of normal 

operation and in case of malfunction or emergency. 

¶ Definition of a procedure to allow evaluation, control and authorization of SIMOPS with LNG 

bunkering. 

¶ Proposal for a harmonized approach to the approval of Control Zones in different bunkering 

scenarios, through the implementation of a concept of ñmeaningful protectionò. In addition to a 

deterministic or probabilistic approach, it is suggested to include a context-based approach 

where the determination of Control Zones is driven mostly by the presence of elements meriting 

protection in the vicinity of the LNG bunkering location. 
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 Terms & Definitions 1.4

The terms used in this guidance document have the same meaning as those defined in the 
Regulation and in the IMO guidelines with the following additional definitions which apply for the 
purposes of this guidance document only: 

Term Definition 

Accreditation Accreditation is the formal declaration by a neutral third party that the certification 
program is administered in a way that meets the relevant norms or standards of 
certification program (such as ISO/IEC accreditation standards

9
). Many nations have 

established specific bodies responsible for third-party independent accreditation. 
¢ƘƻǎŜ ǘƘŀǘ ƘŀǾŜƴΩǘΣ ǎǳŎƘ ŀǎ ǘƘŜ ¦{Σ ƘŀǾŜ ǎŜŜƴ ǘƘŜ ŀŎŎǊŜŘƛǘŀǘƛƻƴ ǎŜǊǾƛŎŜǎ ǇǊƻǾƛŘŜŘ ōȅ 
typically non-for profit organizations, typically specialized in a given industry area (e.g. 
American National Standards Institute (ANSI)).  
The accreditation hierarchy is overseen by the International Accreditation Forum (IAF) 
and the European Accreditation Forum (EA). Both forums approve and accredit the 
National Accreditation Body in each country that has arrangements in place to 
operate an NAB. The list of approved NABs can be found at www.iaf.nu. 
Accreditation can also have a particularly relevant role in Training. Qualification of 
LNG bunkering professiƻƴŀƭǎ Ƴŀȅ ōŜ ǊŜǉǳƛǊŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ŎƻƳǇƭŜǘƛƻƴ ƻŦ ΨŀŎŎǊŜŘƛǘŜŘΩ 
training programs or courses. Accreditation of Training is typically provided by 
Accredited Training Organizations (ATOs) 
In the context of LNG Bunkering, Accreditation assures users of the competence and 
impartiality of the body accredited, responsible for the certification of LNG bunkering 
systems and equipment, processes and training. 
 
Note: Certification and Accreditation are terms often used interchangeably but they 
are not synonyms. See also Ψ/ŜǊǘƛŦƛŎŀǘƛƻƴΦ 
 

Alternative Fuel Ψ!ƭǘŜǊƴŀǘƛǾŜ CǳŜƭǎΩΣ ŀǎ ǇŜǊ 5ƛǊŜŎǘƛǾŜ нлмпκфпΣ means fuels or power sources which 
serve, at least partly, as a substitute for fossil oil sources in the energy supply to 
transport and which have the potential to contribute to its decarbonisation and 
enhance the environmental performance of the transport sector. 
LNG is an Alternative Fuel. 

Atmospheric tanks Atmospheric tanks mean tanks of the types A or B or membrane tanks as defined in: 
 ω IGC Code, regulations 4.21, 4.22 and 4.24; and 
 ω IGF Code, regulations 6.4.15.1, 6.4.15.2 and 6.4.15.4. 

Authorization Authorization is the formal expression of the competent authorities in form of an 
agreed official permission, giving indication for the start of the LNG Bunkering 
Operation. The definition of the starting point should, in itself, be also an agreed point 
between all the parties and the competent authorities. 
 

Boiling liquid 
expanding vapour 
explosion (BLEVE) 
 

Sudden release of the content of a vessel containing a pressurized flammable liquid 
followed by a fireball 
A Boiling Liquid Expanding Vapour Explosion is an explosion caused by the rupture of 
a tank containing a pressurised liquid above its boiling point (It does not have to be a 
flammable liquid). A fireball would result (most probably) if the liquid was flammable. 
 

Breakaway Coupling 
(BRC) 

A breakaway coupling or emergency release coupling (ERC) is a coupling located in 
the LNG transfer system (at one end of the transfer system, either the receiving ship 
end or the bunker facility end, or in the middle of the transfer system), which 
separates at a predetermined section when required, each separated section 
containing a self-closing shut-off valve, which seals automatically 
 

                                                      
9
 Many accreditation bodies operate according to processes developed by the International Organization for Standardization (ISO) as specified in 

ISO/IEC 17011.[2] Accredited entities in specific sectors must provide evidence to the accreditation body that they conform to other standards in 
the same series: 

ISO/IEC 17020: "General criteria for the operation of various types of bodies performing inspection" (2012) 
ISO/IEC 17021: "Conformity assessment. Requirements for bodies providing audit and certification of management systems" (2011) 
ISO/IEC 17024: "Conformity Assessment. General requirements for bodies operating certification of persons" (2012) 
ISO/IEC 17025: "General requirements for the competence of testing and calibration laboratories" (2005) 

http://www.iaf.nu/
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Term Definition 

Bunkering General Definition Regulation (EU) 2017/352). 
Provision of solid, liquid or gaseous fuel or of any other energy source used for the 
propulsion of the waterborne vessel as well as for general and specific energy 
provision on board of the waterborne vessel whilst at berth 
 
LNG Bunkering 
LNG fuel transfer operation to a vessel. For the purposes of this standard it refers to 
the embarkation of LNG only.  
In the context of this document, bunkering relates to the transfer of LNG from a 
bunkering facility to a receiving vessel, taking place over a well-defined period of time 
where the beginning, transfer and end of operations follow a particular specified and 
documented procedure. 
 
NOTE(s) 
CƻǊ ǘƘŜ ǎǳǇǇƭȅ ƻŦ [bD ŘƛǊŜŎǘƭȅ ǘƻ ŀ ƎŜƴŜǊŀǘƻǊ ƻƴōƻŀǊŘ ǎŜŜ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ άCŜŜŘƛƴƎέ 
For the supply of electricity from close by LNG mobile power units see the definition 
ƻŦ ά{ƘƻǊŜ-ǎƛŘŜ [bD ŜƭŜŎǘǊƛŎƛǘȅέ 
 

Bunkering by ISO 
LNG container units 

Supply of LNG fuel by mobile LNG tanks/containers that are lifted onto the receiving 
vessel and connected to the fuel system on board 
 

Bunkering Facility In the context of this document, this is the ship/facility interface where LNG 
bunkering is intended to take place or is taking place 
The term may be used for any of the bunker scenarios terminal-to-ship, truck-to-ship 
or ship-to-ship. 
όǎŜŜ ŘƛǎŀƳōƛƎǳŀǘƛƻƴ ǿƛǘƘ ά.ǳƴƪŜǊƛƴƎ [ƻŎŀǘƛƻƴέ ŀƴŘ .ǳƴƪŜǊƛƴƎ LƴŦǊŀǎǘǊǳŎǘǳǊŜύ 
 
From IACS Rec.142 and revised SGMF Guidelines: 
A bunkering facility is a LNG storage and transfer installation, which can be: 

¶ a stationary shore-based installation or 

¶ a mobile facility, including LNG bunker ship (or barge) or a tank truck. 
Shore based facilities and LNG bunker ships may be designed to handle LNG vapour 
return. 
 

Bunkering Facility 
Organisation (BFO) 

This is the organisation in charge of the operation of the bunkering facility 

Bunkering Location Location where LNG bunkering operation 

Bunkering Vessel Bunkering vessels (vessels used to transport LNG to a vessel using LNG as a fuel) shall 

comply with this standard and be approved by its Flag State or be Classed by a 

Classification Society that is a member of IACS, indicating that it meets, at a minimum, 

the applicable requirements of the IGC Code, this standard, and applicable Flag State 

requirements. 

 

Certification Certification refers to the confirmation of certain characteristics of given equipment, 
in its whole or any of its parts, of a procedure, operation or personnel, often requiring 
a confirmation of conformity against an existing standard or regulation. 
In the context of LNG Bunkering, Certification refers primarily to the LNG fuel 
systems, equipment and personnel. Can be applicable to systems with different 
complexities, provided rules, standards and regulations exist for conformity 
evaluation. 
 
Note: Certification and Accreditation are terms often used interchangeably but they 
ŀǊŜ ƴƻǘ ǎȅƴƻƴȅƳǎΦ {ŜŜ ŀƭǎƻ Ψ!ŎŎǊŜŘƛǘŀǘƛƻƴΩΦ 

Classed or 
Classification 

A process in which the design and condition of a vessel is evaluated to determine its 
compliance with International Maritime Organization Conventions and Codes and 
suitability for its intended service. This process is conducted by Classification Societies 
in compliance with class rules. 
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Term Definition 

Classification Society Is a non-governmental organization that establishes and maintains technical 
standards for the construction and operation of ships and offshore structures. They 
also validate that construction is according to these standards and carry out regular 
surveys in service to ensure compliance with the standards. 

Concept Project  

Consequence Outcome of an event 

Drip-free coupling A coupling that automatically closes at both separation points of the joints when it is 
disconnected. 
A drip-free coupling avoids any spill of liquid or vapour or limits it to a minimum.  
!ƴƻǘƘŜǊ ǘŜǊƳ ǘƘŀǘ Ƴŀȅ ōŜ ǳǎŜŘ ƛǎ άŘǊȅ-disŎƻƴƴŜŎǘέΦ 

Dry Break Away 
Coupling 

A dry break-away coupling is a particular application of a dry disconnect mechanism 
coupling which separates at a predetermined section at a set breaking load and in  
which each separated section contains a self-closing shut-off valve which seals 
automatically 
When activated, a dry break-away coupling avoids any spill of liquid or vapour or 
limits it to a minimum. 
A dry break-away coupling shall provide two functionalities: 

ω A separation function that is triggered in sufficient time before reaching the 
load limit on the bunker connection to separate the line between the 
supply side and the receiving vessel. 

ω A closing function to close the line at both separation points to prevent the 
spill of liquid or vapour. 

 

Emergency release 

coupling (ERC) 

{ŜŜ ά.ǊŜŀƪŀǿŀȅ /ƻǳǇƭƛƴƎ ς .w/έ 

Emergency Release 

System (ERS) 
 

A system that provides a positive means of quick release of the transfer system and 

safe isolation of receiving vessel from the supply source. 
system that allows a quick disconnection of the supply side from the receiving vessel 

in an emergency 

Includes Emergency Breakaway Coupling (ERC) 

Emergency Shut 

Down (ESD) 

 

An emergency shut-down (ESD) is a method or a system that safely and effectively 

stops the transfer of LNG (and vapour as applicable) between the LNG bunkering 

facility and the receiving ship in the event of an emergency during the bunkering 

operation. The control systems involved in the ESD, which is a linked system to allow 

both parties (on board receiving ship and the bunkering facility) to shut down the 

transfer in an emergency situation, can be activated automatically or manually. 

These are systems installed as part of the LNG transfer system and are designed to 

stop the flow of LNG and/or prevent damage to the transfer system in an emergency. 

The ESD may consist of two parts: 

¶ ESD-stage 1, is a system that shuts the LNG transfer process down in a 

controlled manner when it receives inputs from one or more of the following; 

transfer personnel, high levels LNG tank alarms, cables or other means designed 

to detect excessive movement between transfer vessels or vessel and an LNG 

port facility, or other alarms. 

¶ ESD-stage 2, is a system that activates decoupling of the transfer system 

between the transfer vessels or between a vessel and an LNG port facility. The 

decoupling mechanism contains quick acting valves designed to contain the 

contents of the LNG transfer line (dry break) during decoupling. 

Feasibility Study A Feasibility Study is an analysis of how successfully a project can be completed, 
accounting for factors that affect it such as economic, technological, legal and 
scheduling factors. A feasibility study tests the viability of a given LNG Bunkering or 
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Term Definition 

small scale LNG storage project. The goal of a feasibility study is to place emphasis on 
potential problems that could occur if this project is pursued and determine if, after 
all significant factors are considered, the project should be pursued. Feasibility studies 
also allow a business to address where and how it will operate, potential obstacles, 
competition and the funding needed to get the business up and running. 
 

Hazard Potential source of harm. The hazard, or danger, is intrinsic to the product.  
Regulation (EC) No 765/2008 on General Risk Assessment Methodology 
 

Hazardous area area in which a flammable gas atmosphere is present, or may be expected to be 
present, in quantities such as to require special precautions for the construction, 
installation and use of apparatus 

HAZID Hazard identification (HazID) study is the method of identifying hazards to prevent 
and reduce any adverse impact that could cause injury to personnel, damage or loss 
of property, environment and production, or become a liability. HazID is a component 
of risk assessment and management. It is used to determine the adverse effects of 
exposure to hazards and plan necessary actions to mitigate such risks. 

HAZOP Hazard and Operability (HAZOP) is a structured and systematic examination of a 
complex planned or existing process or operation in order to identify and evaluate 
problems that may represent risks to personnel or equipment.  
HAZOP is a well-known and well documented study. HAZOP is used as part of a 
Quantitative Risk Assessment (QRA) or as a standalone analysis. HAZOP is a more 
detailed review technique than HAZID. 
 

Holding Time Time of the pressure increase in the inner tank measured from a starting pressure of 
0 bar at the correǎǇƻƴŘƛƴƎ ōƻƛƭƛƴƎ Ǉƻƛƴǘ ƻŦ ƭƛǉǳŜŦƛŜŘ ƴŀǘǳǊŀƭ Ǝŀǎ ό[bDύ όҍмспϲ /ύ ǳǇ ǘƻ 
the maximum allowable working pressure (MAWP) of the inner tank 
 

Impact assessment assessment of how consequences (fires, explosions, etc.) affect people, assets, the 
environment, etc. 

Inerting placing tanks, piping and machinery in a non-flammable atmosphere by displacing 
oxygen 

International Safety 

Management Code 
 

An IMO code that provides an international standard for the safe management and 

operation of ships, and for pollution prŜǾŜƴǘƛƻƴΦ hǇŜǊŀǘƻǊǎ ƻŦ ǎƘƛǇΩǎ ǎǳōƧŜŎǘ ǘƻ ǘƘŜ 

International Safety Management Code are required to enact a management system 

(ISM) that meets the code and have their compliance with the ISM audited, first by 

the Company (internal audit) and then each 2.5 to 3 years by the Flag State Maritime 

Administration to verify the fulfilment and effectiveness of their Safety Management 

System. 

International 
Standard 

An International Standard provides rules, guidelines or characteristics for activities or 
for their results, aimed at achieving the optimum degree of order in a given context. It 
can take many forms. Apart from product standards, other examples include: test 
methods, codes of practice, guideline standards and management systems standards. 
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Term Definition 

Letter of Intent Letter that should be issued by the BFO, for possible endorsement by other 

stakeholders and competent authorities, to be submitted to the PAA for initial 

appreciation of a prospective LNG bunkering concept design project, intended 

location, amongst other initial aspects of an initial  

LNG Bunkering 

Management Plan 

As defined in IACS Recommendation 142 LNG Bunkering Guidelines, Section 1.5. 

LNG Fuelling  Supply of LNG, from shore, at berth, or vessel/barge, directly to the LNG consumers 

onboard the Receiving Ship. The LNG is here supplied through a mobile unit which is 

otherwise  

LNG transfer system 
(ISO 20519) 

For the purposes of this document the LNG transfer system consists of all equipment 

contained between the bunkering manifold flange on the facility or vessel providing 

LNG fuel and the bunkering manifold flange on the receiving LNG fuelled vessel 

including but not limited to; Ship to ship transfer arms, LNG articulated rigid piping 

and hoses, Emergency Release Coupling (ERC), insulating flanges and quick 

connector/disconnect couplings (QC/DC) In addition the ESD Ship/Shore Link or 

Ship/Ship link used to connect the supplying and receiving ESD systems. The 

components are arranged in the following manner: 
 

 
 

Lower Flammable 

Limit (LFL) 

 

Means the concentration of flammable gas or vapour in air below which there is 

insufficient amount of substance to support and propagate combustion. 

Operational Envelope Operational Envelope (OE) refers to a limited range of parameters in which 
operations will result in safe and acceptable equipment performance. It can result 
from a quantitative analysis or from a comparable qualitative evaluation. OEs can 
relate to weather and environmental conditions and usually take into account some 
degree of safety with regards the limit state of equipment, materials, amongst other 
aspects.  
 

Permitting Permitting refers, in the context of LNG Bunkering, to an official and documented 
authorization to build, implement or operate. There are several different types of 
permits (environmental permit, building permit, etc) depending on which instruments 
are used to assess a given project.  
¢ƘŜ ΨǇŜǊƳƛǘ ƘƻƭŘŜǊΩ ƛǎ ǎǳōƧŜŎǘ ǘƻ ŀ ƭƛǎǘ ƻŦ ƻōƭƛƎŀǘƛƻƴǎ ŘŜǎƛƎƴŜŘ ǘƻ ŀƭƭƻǿ ŘŜƳƻƴǎǘǊŀǘƛƻƴ 
of compliance with regulations and standards relevant for the permitting processes. 
 

Qualification 
 

Qualification is a term that relates to a given individual, referring to a successful 
completion of a given educational or training program and, in specific terms, to 
passing an examination or assessment, especially one conferring status as a 
recognized practitioner of a profession or activity. When an individual passes an 
certain examination following a course provided by an approved ATO ς they can 
demonstrate their knowledge of the subject matter contained within the course 
material of that qualification. 
 

Receiving Vessel vessels used to transport LNG to a vessel using LNG as a fuel) shall comply with this 

standard and be approved by its Flag State or be Classed by a Classification Society 

1 Scope boundary 
2 Automatic and manual ESD 

valve. 3 ESD junction box 
4 Insulation flange 
5 Emergency release coupling 
6 QC/DC ς Quick Connect/ 

Disconnect Coupling 7 Ship/shore or ship/ship ESD link 
8 Loading system (systems include-

: vessel to vessel transfer arms, 
articulated rigid piping) 9 Vapour return system 
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Term Definition 

that is a member of IACS, indicating that it meets, at a minimum, the applicable 

requirements of the IGC Code, this standard, and applicable Flag State requirements. 

Restriction Restriction represents a limitation, either on the utilization of specified equipment or 
system, or in the implementation of a given procedure, as far as LNG Bunkering is 
concerned.  
 

Risk Combination of the probability of occurrence of a hazard generating harm in a given 
scenario and the severity of that harm  
 

Risk level 5ŜƎǊŜŜ ƻŦ ǊƛǎƪΣ ǿƘƛŎƘ Ƴŀȅ ōŜ ΨǎŜǊƛƻǳǎΩΣ ΨƘƛƎƘΩΣ ΨƳŜŘƛǳƳΩ ƻǊ ΨƭƻǿΩΦ ²ƘŜƴ ŘƛŦŦŜǊŜƴǘ ƭŜǾŜƭǎ 
of risks in different scenarios have been identified "the risk" of the product is given by 
the highest risk.  

Simultaneous 
Operations (SIMOPS) 

Carrying out LNG bunkering operations concurrently with any other transfers 
between ship and shore (or between ships if ship-to-ship bunkering method is used). 
This includes cargo operations (including lightering operations if applicable), ballasting 
operations, passenger embarkation/disembarkation, loading of provisions, etc. 
 

Technical 
Specification 

(ISO terminology) A Technical Specification addresses work still under technical 
development, or where it is believed that there will be a future, but not immediate, 
possibility of agreement on an International Standard. A Technical Specification is 
published for immediate use, but it also provides a means to obtain feedback. The 
aim is that it will eventually be transformed and republished as an International 
Standard. 

Technical Standard For the purposes of this document, Technical Standards are standards that prescribe 

requirements for one or more of the following; operations, equipment 

design/fabrications, or testing methodology. 

Temporary 
Intermediate (onsite) 
Storage 

Limited duration storage of LNG in any point of the distribution chain, between the 
LNG Loading Terminal and the transfer/bunkering operation. The duration is not 
defined but it is suggested that the approximate holding time of an LNG trailer tank 
can be used as reference which, for the purpose of this Guidance, will be a period of 
24 hours 

Zoning LNG Bunkering Operations, like other activities within the port area involving handling 
of hazardous substances or cargo, use the concept of safety/security zones in order to 
create a layered arrangement of scalable and controlled zones with different 
objectives.  
 
The figure below, taken from the draft ISO/DIS 20519:2016 [1]. Draft Specification for 
bunkering of gas fuelled ships, provides one possible arrangement for convenient 
generic indication of the possible zones involved in LNG Bunkering.  
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Term Definition 

Safety Zone. Area that is present during bunkering and within which only essential 
personnel are allowed and potential ignition sources are controlled. This further 
minimises the low likelihood of an LNG release and its possible ignition. It also helps 
protect individuals and property via physical separation should a release occur. 
Reference is made to [1], [2] and [3]. 
 
Security Zone. Zone required during LNG Bunkering, subject to the criteria of the 
competent authority that is established on a wider perimeter in order to allow control 
of access, road traffic and other port activities in the vicinity of the LNG bunkering 
operation location. It may consider the location for the bunkering but also other 
relevant considerations, such as the access or waiting points for LNG trucks, or even 
other physical elements from a fixed installation. 
 
Hazardous Zone. Zone set in accordance with IEC 60079-10-1 (or similar) with a 
purpose to minimise the likelihood of ignition from electrical equipment [4]. As such, 
the hazardous zone primarily restricts the type of electrical equipment allowed within 
prescribed distances (e.g. 4.5 m) from the line/hose connections on 
the ship and bunker supply. 
 

[1]. ISO/TS 18683:2015. (15-Jan. 2015). Guidelines for systems and installations 
for supply of LNG as fuel to ships. Technical Specification. 

[2]. Society for Gas as a Marine Fuel (SGMF). (2015). Gas as a marine fuel, safety 
guidelines, Bunkering. Version 1.0, February 2015. 

[3]. ISO/DIS 20519:2016. Ships and marine technology ς Specification for 
bunkering of gas fuelled ships. (Draft International Standard). 

[4]. IEC 60079-10-1. (2015). Explosive atmospheres ς Part 10-1: Classification of 
areas - Explosive gas atmospheres. 
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2. LNG as Fuel 
The present section is focused on the aspects that make today LNG as fuel a viable technical option for 

ships, from the very own fuel characteristics, to the value chain, different bunkering options and 

concepts. LNG characteristics are presented with a focus on its physical properties. The LNG value 

chain is then broadly addressed with a view to identify the main general transformation and distribution 

links from LNG production to LNG transfer into an LNG fuelled ship.   

In addition, LNG Bunkering is defined, with different options presented as to how LNG fuel chain can be 

designed within a Port Area. How the LNG/NG arrives to the Port, how it is stored or processed, 

distributed, and finally how it is transferred/bunkered to an LNG Fuelled Ship. 

Along with the informative content of this section some recommendations are included, in section 2.8, 

on how PAAs should integrate basic LNG bunkering options and elements contributing to the overall 

design of LNG bunkering solutions affecting the Port area. 

 LNG as Fuel ï General Aspects  2.1

LNG as fuel for shipping, as an emerging market segment, is already shaping new ship design, 

technical options and operations. Mostly driven by first-front demand and higher risk-taking 

funding/investment initiative, LNG bunkering has incorporated increasingly complex and customized 

solutions. This is the case for ship design, with more ambitious LNG fuel systems, capacity and 

technology wise, but also for operations where the need to have Simultaneous Operations, along with 

LNG bunkering, is one of the essential elements for the viability of LNG fuel option for some types of 

ships (e.g. containerships or RO-PAX ferries). The market has developed recently, even in the verge of 

a particular context driven by increasingly lower oil fuel prices [22]. More LNG fuelled projects are 

developing and, in parallel, LNG bunkering options being characterized by an increasing higher-capacity 

portfolio of solutions. 

Figures 2.1 to 2.8 show examples of significant ships or relevant LNG bunkering options which are 

considered as well representative of LNG as fuel for shipping. 

 

  

Fig 2.1 ï MS BIT Viking ï First ship converted to LNG 
power. [19]. The conversion involved installation of new 
dual fuel engines and LNG fuel system 

The vessel is outfitted with an LNG fuel system comprising 
two LNG storage tanks with combined storage capacity of 
1,000m3. 

The storage tanks are located on the vessel's deck. This 
also allows the bunkering of LNG at a rate of 430m3 an hour  

Fig.2.2 ï Artistic impression of the Shell LNG bunker 
vessel

10
.  

This specialized ship will have a capacity of 6,500m3 and will 
be capable of fuelling 1,000m3 of LNG per hour. 

As the market for LNG as Fuel increases in demand and 
LNG fuelled ships grow in LNG fuel capacity, the demand for 
LNG bunker barges will also naturally increase, with much 
higher capacities and available bunker rates when compared 
to LNG Trucks. 

 

                                                      
10

 EU co-funded project ï ReaLNG ï TEN-T Motorways of the Sea - https://ec.europa.eu/inea/sites/inea/files/fiche_2014-eu-tm-0095-w_final.pdf  

https://ec.europa.eu/inea/sites/inea/files/fiche_2014-eu-tm-0095-w_final.pdf
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Fig.2.3 and 2.4 ï MV Viking Grace. With a dedicated LNG bunker vessel (AGA Seagas
11

), alongside in LNG bunkering 
operation.  

To note the LNG fuel tanks on the stern of the ship. The binomial ñReceiving-Bunkering shipsò is here seen as a clear 
indication of an LNG bunkering market in early stage of development. In the presented case the Seagas bunker vessel is 
dedicated to LNG supply to the Viking Grace. With a very significant number of successful operations conducted, the 
presented case is the example of a customized LNG bunkering solution has resulted in an exemplar safety case. 

  

Fig.2.5 ï Skangas Coralius
12

. 

Bunker vessel with a cargo capacity of 5,800 m3 and is 
99.6 meters long. She holds a Finnish/Swedish Ice Class 
1A and is classed ñLNG gas carrier IGC type 2G -165°C, 
500 kg/m3ò Larger volumes of LNG are transferred at high 
rates with Coralius representing a new paradigm in 
flexibility for higher and diversified LNG bunkering 
demands.  

Fig.2.6 ï Truck-to-Ship LNG bunkering. 

By far the most common method used today, representing an 
option that has allowed flexible operations and experience to 
build up. Notwithstanding adequate for limited LNG 
quantities

13
 truck-to-ship LNG bunkering is unable to respond 

to higher demands in capacity or LNG transfer rates. As ships 
become more demanding for higher LNG volumes the 
transition to LNG bunker vessels or fixed LNG bunkering 
facilities will naturally take place. 

  

Fig.2.7 and 2.8 ï Truck-to-Ship LNG bunkering/feeding. 

Variations of typical LNG truck-to-ship bunkering have also been developed, remarkably on what is called in the present 
guidance of LNG ñfeedingò, as presented in these two images, one artistic impression and another one, on the right, of actual 
operation. With LNG feeding the ship, otherwise with no LNG storage capacity on board, receives LNG directly from a truck 
trailer to consumption onboard. This allows the ships environmental profile at berth to be significantly improved, consuming 
cleaner burning natural gas, instead of oil fuels in port generators. 

                                                      
11

 EU co-funded project ï Fjalir - https://ec.europa.eu/inea/sites/inea/files/download/project_fiches/sweden/fichenew_2011se92148p_final_1.pdf  
12

 EU co-funded project ï Pilot LNG (part of the Zero Vision Tool) - http://www.zerovisiontool.com/pilotlng  
13

 LNG trailer trucks are typically limited to around 25ton of LNG (around 50m
3
) 

https://ec.europa.eu/inea/sites/inea/files/download/project_fiches/sweden/fichenew_2011se92148p_final_1.pdf
http://www.zerovisiontool.com/pilotlng
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Fig.2.9 ï Fixed LNG bunkering facility, with small-scale 
LNG storage tank. 

Having presented mobile LNG bunkering facilities, in Fig 2.9, 
above, a fixed LNG bunkering location is shown, with type-C 
LNG tank.EU TEN-T co-financed pilot fixed LNG bunkering 
installation of  200 tonnes/445m3 tank capacity Max Flow 
rate delivery of 200m3/hour. (source: Fjordline) 

Fig.2.10 ï LNG shore-side energy 

Even though not an LNG bunkering typical scenario, LNG 
fuelled electricity supply is also included in the context of this 
document. It involves typically mobile units such as the one 
presented ï power barge supplying electricity from gas dual-
fuel generators onboard, directly to the cruise vessel 
alongside in a close position. (source: Aida) 

 

Even though outside the scope of this document, the LNG bunkering market development is an 

important aspect that PAAs will have to consider. On one hand the number of ships that can be 

expected in a near future to be built, converted, or prepared for LNG as fuel.  

Currently it is possible to obtain information on the prospects of LNG as fuel from different sources, not 

only on the number of ships built and operating on LNG but also on the infrastructure development. 

These two aspects are often regarded as interdependent and should, from a practical point of view also 

be considered as relevant information elements to PAAs evaluating, promoting or assessing a 

prospective LNG bunkering facility project. 

The number of LNG fuelled ships, in operation and on order is presented in figure 2.11, whilst figure 

2.12 shows the areas of operation, based on AIS information, where LNG fuelled ships operate today. 

 

 

 

 

 

 

 

 

 

 

Figure  2.11 ï LNG fuelled ships, in 

operation and on order [23]  

Figure  2.12 ï LNG fuelled ships, in 
operation ï areas of operation by AIS 

information ï update May 2017 - [23] 
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It does not go unnoticed from figure 2.11 that LNG-fuelled ships in operation and on order have reached 

a maximum growing rate between 2014 and 2016, having recently stabilized mainly due to a reduction 

in oil fuel price driving shipowners to either delay the decision to convert to LNG or to choose another 

technical option for compliance with emission regulations [13]. The future is however uncertain and, for 

the purpose of the present document, the important aspect to retain is that LNG as fuel will be an 

increasingly generalized option adopted in shipping. This reflects in the diversification of the LNG as an 

off-grid fuel solution for maritime transport 

An important aspect for the development of LNG as fuel is the infrastructure. The small-scale 

developments are therefore important in the definition of LNG bunkering facility projects and, 

consequently, for the sizing and specification of the adequate LNG bunkering solutions within a port. 

An adequate overview of the LNG small-scale infrastructure is therefore important to PAAs. The GIE 

small-scale LNG map provides the LNG industry and interested parties with an overview of the 

available, under construction and planned small-scale LNG infrastructure and services in Europe 

(http://www.gie.eu/index.php/maps-data/gle-sslng-map). 

 

 

 
The GLE small-scale LNG map provides the following information:  
   

LNG import terminals offering new LNG services  

Reloading: Transfer of LNG from the LNG reservoirs of the terminal into a vessel  

Transhipment: Direct transfer of LNG from one vessel into another  

Loading of bunker ships: LNG is loaded on bunkering ships which supply to LNG-fuelled ships or LNG bunkering 
facilities for vessels  

Truck loading: LNG is loaded on tank trucks which transport LNG in smaller quantities  

Rail loading: LNG is loaded on rail tanks which transport LNG in smaller quantities 

LNG small-scale liquefaction plants:  

LNG is produced in small scale liquefaction plants to respond to peak shaving demand or make available natural 
gas to regions where it is not economically or technically feasible to build new pipelines.  

LNG bunkering facilities for vessels:  

This stationary facility allows ships to bunker LNG to be used as fuel for the vessel 

LNG bunker ship:  

This ship supplies LNG directly to LNG-fuelled ships or to LNG bunkering facilities for vessels.  

LNG refuelling stations for trucks  

This facility allows trucks to fill LNG to be used as fuel. 

LNG satellite storage:  

They enable to store LNG in small quantities in areas where there is no high pressure pipeline. LNG is delivered 
mainly by trucks (but also by small LNG ships) to these satellite plants where it is then stored and regasified into 
the natural gas distribution networks or used by an end user.  

Figure  2.13 ï Detail of the LNG Small Scale infrastructure map in Europe - [23] 

http://www.gie.eu/index.php/maps-data/gle-sslng-map
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 LNG Characteristics 2.2

LNG (liquefied natural gas) is the name given to natural gas that has been converted to liquid form by 

being cooled to a very low temperature. To attain a liquid phase, the temperature must be lower than 

the critical temperature (-82°C in the case of methane). LNG is typically stored at near-atmospheric 

pressure at close to its atmospheric boiling point (-160°C). In liquid form, natural gas occupies 600 times 

less volume that in a gaseous state, making it easier to transport over long distances and enabling a 

large storage capacity to be achieved in a relatively small space. 

The main characteristics and hazardous properties of liquefied and gaseous natural gas are 

summarised in table 2.1 and discussed in the paragraphs below. 

2.2.1 Composition 

LNG is typically a mixture of hydrocarbons consisting mainly of methane with smaller fractions of inter 

alia ethane, propane and nitrogen. The LNG imported to Europe typically consists of methane (90 

weight percent) and ethane (10 weight percent). Components such as water vapour, carbon dioxide and 

heavier hydrocarbons have already been removed from the LNG [13]. 

When the LNG is vaporised, it is methane that is first released as vapour. This is due the difference in 

atmospheric boiling point between methane and ethane. More precisely, the vapour will consist almost 

entirely of pure methane as long as no more than around 70% of the liquid has been vaporised. 

2.2.2 Physicochemical Properties 

Methane is a colourless and almost odourless gas. When LNG is released into the environment, cold 

vapours are formed that result in condensation of the water vapour present in the air. This phenomenon 

means that LNG vapour is visible at low temperature due to the mist created. 

The cold vapours formed by the vaporising of LNG are initially heavier than air and disperse close to the 

ground. As they mix with the ambient air, the cold LNG vapours gradually heat up and will behave 

neutrally at temperatures of around -110°C, eventually becoming lighter than air under normal pressure 

and temperature conditions. At ambient temperature and pressure, natural gas has a density of around 

0.72 kg/m3. 

 

  

Figures  2.13 and 2.14 ï LNG cloud formation and progression (on the left) opposed to the condensation cloud 
formation around LNG piping due to water vapour condensation in the air surrounding the cryogenic cold piping 
system.  

Understanding the dispersion behaviour of LNG clouds, following an accidental release is a determining factor to design 
adequate Control/Safety Zones and safeguard systems for LNG bunkering. Clouds are asphyxiating due to oxygen depletion 
and explosive interval will be present in the limiting boundaries of the cloud. 

Condensation cloud formation around LNG piping, hoses, and manifolds is the result of water condensation surrounding 
cryogenic temperature elements of the LNG bunkering interface. The less insulated the bunkering lines are, and the more 
humid the surrounding atmosphere, the more condensate cloud formation and frost cap around piping will be generated. 
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2.2.3 Hazardous Properties  

LNG vapour in air is flammable within specific concentration limits. As LNG vapour consists mainly of 

methane, the flammability limits of methane (4.5 ï 16.5 vol. %) are generally used to estimate the size 

of the flammable clouds formed after an incidental release of LNG. 

It should also be noted that free natural gas clouds, once ignited, burn at a relatively low speed, which 

means that only relatively small overpressures are likely to occur in an open environment (Ò 50 mbarg) 

[25]. Only if the flammable natural gas cloud formed is confined or is present in an installation with a 

high obstacle density may higher overpressures possibly occur in the surrounding area. 

A pool fire or jet fire that occurs after an incidental release of LNG is characterised by a bright flame 

(little soot formation) and high radiation intensity (typically: 200 ï 300kW/m²). The effects of an LNG fire 

on nearby people or installations are therefore greater than those of fires that occur after an incidental 

release of conventional fuels such as petrol or diesel. 

Finally, it should be noted that direct contact with LNG (as a cryogenic liquid) can result in serious 

freezing injuries. If LNG comes into contact with steel, the steel will embrittle due to the low temperature 

and a steel structure may fracture. Stainless steel retains its ductility at low temperatures and is 

therefore more resistant to contact with cryogenic liquids. 

Table 2.1 ï LNG Physicochemical properties 

Properties Notes Value 

Physical State Cryogenic liquid under special PVT conditions cryogenic liquid 

Boiling Temperature at 1 bar [°C] 

This is the temperature at which the vapour pressure of the material equals 
ambient pressure. Pure substances boil at specified pressure at a defined 
temperature. This temperature stays constant under continued addition of 
heat until all material is vaporised. Mixtures usually have a boiling range. 

-161 

Density at 15°C  [kg/m3] 

 
Density at (-160°C,1 bar) 

448 

Lower Heating Value [MJ/kg] 

At (-162°C  and 1 bar) 

 

LHV gives a measure of the energy density by mass of the fuel. This parameter 
impacts on storage space in conjunction with density but can also provide an 
indication of the amount of heat released in a fire in conjunction with heat of 
evaporation. 

LNG has an LHV of 50 MJ/kg which 15 to 20% higher than that of HFO and 
MGO. Thus approximately the same LNG fuel by weight must be bunkered to 
obtain the same energy on board. With respect to fire, the higher LHV of LNG 
implies that more heat will be released per mass of fuel as compared to MGO 
and HFO. 

50 

Vapour Density air=1 

This parameter is interesting in order to gauge whether a vapour is likely to sink 
and accumulate in low areas or rise and accumulate in high areas. Methanol 
vapour density is very close to that of air, so it is near to neutral in buoyancy. 
The vapour density of anhydrous ethanol is 1.6, which is heavier than air. As 
LNG is at ambient conditions gaseous, but stored at less than -160°C the vapour 
density discussion is more complex. Should a spillage occur the cold vapours 
may initially be heavier than air until they have warmed up sufficiently? 

Liquid density of LNG at -160°C and 1 bar is 448 kg/m3. At 1 bar abs and -162°C 
pure methane is in subcooled condition. Gas density of pure methane at 0°C 
and 1 bar (normal conditions) is 0.71 kg/m3 (superheated condition). 

0.55 

Flash Point (TCC) [°C] 

Flash point is the lowest temperature at which a liquid gives off enough vapour 
at the surface to form an ignitable mixture in air.  

Flash point is one of the valid indicators of the fire hazard posed by the fuel. 
The flashpoint of LNG at -175°C is much lower than any oil fuel, and even much 
lower than other low flashpoint fuels such as methanol (12ºC) or even ethanol 
(17ºC). The challenge is therefore not to avoid formation of vapour due to 
heating of LNG but rather to manage, contain and, ultimately, use the 
generated vapour. 

-175 

Auto Ignition Temperature  [°C] 

¢ƘŜ ŀǳǘƻ ƛƎƴƛǘƛƻƴ ǘŜƳǇŜǊŀǘǳǊŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ άǘƘŜ ǘŜƳǇŜǊŀǘǳǊŜ ŀǘ ǿƘƛŎƘ ŀ 
material self-ignites without any obvious sources of ignition, such as a spark or 
flame. It is a function of the concentration of the vapour, the material in 
contact and the size of the containment.  

540 

Flammability Limits [by % Vol of 

Mixture]  

Flammability limits give the range between the lowest and highest 
concentrations of vapour in air that will burn or explode [v].  
aŜǘƘŀƴƻƭΩǎ ŦƭŀƳƳŀōƛƭƛǘȅ ƭƛƳƛǘǎ ŀǊŜ ǿƛŘŜǊ ǘƘŀƴ ǘƘƻǎŜ ƻŦ ŜǘƘŀƴƻƭΣ [bDΣ ŀƴŘ aDh 

4.5 ς 16.5 

Min. ignition energy at 25°C [mJ] 

 

This is the lowest amount of energy required for ignition. This parameter 
is highly variable and dependent on temperature, amount of fuel and the 
type of fuel.  Methanol, ethanol, and LNG all have minimum ignition 
energy below 1 mJ at 25°C, whereas for MGO it is 20 mJ. 

0.29 

Flame temperature (ºC) Temperature attained to lean burning LNG pool fire 1875 
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 LNG Value Chain 2.3

From Natural Gas source to final consumers the LNG value chain can assume different shapes and be 

designed in different ways, depending on the needs for a variety of end-users. Figure 2.15 below shows 

a very simplified representation of a generic value chain, distinguishing between two different types of 

consumers: 1) LNG and 2) NG consumers. These typically represent the transport and 

domestic/industrial users, respectively. The chain is characterized by the liquefaction and re-gasification 

points where NG transforms into LNG and vice-versa. The need for LNG is associated with 2 (two) 

essential needs: a) the need to transport NG through long distances or b) the need to provide NG for 

mobile users. Since LNG occupies 600 times less volume than NG it is also convenient for storage 

wherever limited space is available. This is obviously the case for ships, and other mobile units, but can 

also be the case for land-side developments, off-grid, potentially close to shore where LNG use may be 

convenient. 

 

Figure 2.15 ï LNG Value Chain 

There are several aspects to be carefully considered when designing an LNG chain, but one main rule 

applies: The more interfaces, liquefaction plants, distribution links, the more likely it will be to have LNG 

accidental or operational releases. In liquefaction plants LNG compressors are likely to have small LNG 

leaks leading to undesired methane emissions. In addition to the potential environmental impact it is 

also important to have safety into consideration, remarkably where the more transitions in phase and 

interface operations will represent also a potentially higher risk of accidental releases. 

Finally, it is important to note that a significant part of the LNG value chain can be contained within the 

boundaries of a Port and, especially if a multi-modal hub
14

 is also included, it will very likely be seen the 

co-existence of different stakeholders in the port area. Port rules and local regulations should not only 

have this notion into account but also realize the different regulatory frameworks that may be relevant 

for different parts of the LNG chain. Fixed LNG bunkering facilities and mobile units may coexist, giving 

the exact expression to the versatility of LNG as fuel. 

The LNG value chain, from an import grid or natural gas network distribution, can be further 

decomposed into different supply routes. Figure 2.16 exemplifies a possible representation of different 

supply routes. Different stages are considered which can be generically taken as the example from the 

figure: 1) Supply; 2) Transport; 3) Local storage or production and 4) Bunkering. We are only taking 

LNG fuelled vessels as the consumers in the diagram represented. In reality, however, this would be a 

multi-consumer environment that would be able to access LNG/NG from any point in the LNG chain. 

LNG Bunkering, as an end-service within the LNG Value Chain will dictate, through demand, the shape 

of the local storage/production, whether trucks suffice, on a regular or spot delivery for bunker, or even 

whether local storage needs to be considered. Demand in terms of capacity (in total or per operation) 

will have to be considered, in this sense, at a very early stage. A careful consideration to the LNG Value 

Chain end, will avoid undesired operational losses, inadequate solutions and, ultimately, safety. 

                                                      
14

 The tendency to have multi-modal hubs where LNG is supplied to different transport mode units will be potentiated by the TEN-T network, where 
EU core ports also represent relevant multi-modal nodes in the network. The possibility  
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Figure 2.16 ï Schematic representation of the different supply routes for the delivery of LNG as a ship fuel [21] 

 

2.3.1 Elements affecting the LNG Value Chain 

The following elements are considered as determinant in the shape and requirements for an LNG Value 

Chain: 

¶ Consumer characteristics (location(s), consumption profile, cost vs. feasibility) 

¶ Gas availability requirement 

¶ Supply (location(s), suitability, cost) 

¶ Receiving terminals (need for break-bulk, location, type, sizes, investment cost)  

¶ Shipping (vessels available, charter rate, fuel consumption) 

¶ Boil-off gas (BOG) handling 

¶ Distance for LNG distribution (will dictate the distribution/transport mode for LNG) ï the longer 
the distance for LNG distribution the higher should be the investment in insulation and, 
potentially, also the need for intermediate storage, liquefaction and refrigeration. 

¶ LNG truck-trail loading in points where LNG road-rail mobile units load LNG for break-bulk 
distribution. 

¶ LNG transhipment
15

 from larger scale LNG carriers to medium-smaller LNG feeder vessels or 
even LNG bunker vessels or barges. 

¶ How far apart are end users/consumers from LNG Import Terminal? This will dictate how 
smaller scale LNG bunkering will develop and how will distribution of LNG be done to avoid 
losses and to minimize the number of transformation points. 
 

2.3.2 Scale of LNG developments and facilities 

In the context of this Guidance the scale of an LNG development/facility is often mentioned, in particular 

with reference to ñsmall scaleò LNG facilities. In the absence of exact criteria that would help to 

determine a separation between small, medium and large scale LNG developments, this Guidance 

establishes, as an indicative reference the single criteria approach, using for classification the LNG 

storage capacity of a given LNG facility. The whole scope of this Guidance is contained in the Small 

scale interval, with LNG storage capacities involved, either in pressurized or atmospheric tanks well 

below 10,000m
3
. 

                                                      
15

 Transhipment ï operation technically similar to simultaneous unloading and loading - can be used to divide a large cargo into smaller ones (break-
bulking), or to optimise the LNG tanker fleet between the sellers and buyers of a cargo (ship swap). Transhipment may also be called "Ship-to-
Ship" (STS), even if STS usually refers to offshore cargo transfer through flexible hoses between side-by-side vessels. 

Transhipment is not covered by this Guidance as it deals with LNG as cargo, even if it may represent the break-bulk of cargo into smaller feeder 
vessels. Some of these feeder vessels may however be involved themselves in the delivery of LNG broken bulk to LNG bunkering providers, 
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Table 2.2 ï Scale of LNG developments and facilities (single criteria: storage capacity) 

LNG Scale LNG Storage 
capacities 
typically involved 

Operations 

Large > 100,000 m
3
 Liquefaction plant: A large-scale LNG operation typically includes production trains 

with single capacities between 1 and 6 MTPA (million metric tonnes per annum), and 
they can include multiple trains. Large liquefaction sites are always located in coastal 
areas since the only practical method of large-scale transportation is using LNG 
carriers, with capacities ranging from approximately 120,000 m3 (54,000 tonnes) for 
older vessels to up to as much as 267,000 m3 (120,000 tonnes) for the largest Q-max 
vessels. 
Receiving terminal: Conventional receiving terminals (LNG hubs) in the large-scale LNG 
chain are also located by the coast so that LNG carriers can arrive and unload the 
cargo. Main hubs include LNG storage facilities, typically in the range of 120,000 m3 or 
larger, designed to receive at least the full capacity of the allocated LNG carrier. The 
LNG is regasified at the hub, and the main distribution channel for the consumers is 
normally a national, high-pressure, natural gas pipeline. 
 

Medium 10,000 to 
100,000 m

3
 

A medium-size LNG logistics chain includes terminal up to 100,000 m3 in size, which 
are supplied by small-scale LNG carriers, starting from sizes of 1000 m3 to up to around 
40,000 m3. Here again, the vessel size and loading frequency play an important role in 
determining storage capacity. 
Medium-scale liquefaction is not so common today, due to the challenge with high, 
specific production costs. In any case, these will probably play a larger role in the 
future for decentralised solutions, to which extending the large-scale logistic chain 
would not be feasible. 
 

Small < 10,000 m
3
 A small-scale LNG logistics chain is comprised of LNG distribution to local users. In 

practice, this means highway truck transportation or small sea-going vessel distribution 
to the end-ǳǎŜǊΩs local LNG tanks, which can be from the smallest container sizes of 20 
m3 to up to a set of pressurised steel tanks with total capacities of up to a few 
thousands of cubic metres.  
Small-scale liquefaction is becoming popular due to the liquefaction of biogas and 
other smaller pockets of stranded gas. Small-scale liquefaction can be modularised 
and, to some extent, standardised. The systems are similar to the re-liquefaction 
process used in large terminals to handle the BOG (boil-off gas 

 LNG Bunkering 2.4

2.4.1 Definition 

Regulation 2017/352 provides the more general definition, used in the context of this Guidance. 

Adapting that definition for the case of LNG bunkering the following definition is provided: 

Provision of liquefied natural gas (LNG), to be used as fuel, used for the propulsion of the LNG fuelled 

waterborne vessel as well as for general and specific energy provision on board of the waterborne 

vessel whilst at berth 

LNG Bunkering is in fact a particular type of operation where LNG fuel is transferred from a given 

distribution source to a LNG fuelled ship. It involves the participation of different stakeholders, from the 

ship-side, LNG supplier, ports, safety personnel, administrations and policy makers. In addition to the 

supply of the LNG fuel itself, also the operation of supplying LNG sourced energy to the waterborne 

vessel, whilst at berth, is included in the present Guidance document. 

2.4.2 LNG Bunkering Supply Mode 

One of the main challenges with LNG Bunkering is the interfaces created during LNG delivery moment. 

These challenges can be either of a regulatory or technical nature, but not only. In fact, on top of 

particular standards and technological needs for LNG as a marine fuel to be bunkered safely, it is 

important to acknowledge the relevance of harmonization. The creation of interface environments in 

LNG bunkering raises the concern about how different regulatory frames (óland sideô vs óship sideô, óroadô 

vs óportô, óroadô vs óship-sideô, etc.). Ideally regulations and requirements should tend towards 
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harmonization and non-conflicting regimes, but this is not always the case. On top of this the interface 

can also unveil potential training discrepancies, equipment mismatches and other factors that can, 

ultimately, influence Safety and affect the Environment with unnecessary methane emissions. The 

minimization of risk to life and property, and the mitigation of gas release are the fundamental drivers to 

make the LNG chain inside the port area as lean and simple as technically possible. 

From a PAA perspective in the definition of an LNG Bunkering concept the main elements that are 

considered for the present questionnaire are:  

a) How the LNG arrives to the port are;  
b) Whether it is intermediately stored within the port and  
c) How is the LNG delivered to the receiving vessel?  

Different options are possible by the combination of replies to these questions. Table 2.17, below, 
includes a combination of different supply elements. 

Many different combinations are possible. With these different combinations there are different 
regulatory instruments; at national, regional or international level which also concur (these are explored 
in Section 4). The identification of potential conflicting requirements will also be relevant for the outlining 
of guidelines that may be able to resolve them, clarifying, streamlining and identifying possibly adjusted 
procedures. 

Table 2.17 ï LNG fuel supply options inside the Port area (table 1) 
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Also featured in the present Guidance the Special Modes presented in table 2.18 where, in fact, no 
transfer of fuel occurs in the interface (in S4 the transfer is of a containerized unit and in S5 or S6 the 
transfer is not of the LNG fuel but of LNG-sourced electricity). The definition used for LNG bunkering in 
the context of this Guidance allows these options to be also considered.  

The concept followed is here that of the presence of LNG as a hazardous substance in the vicinity of the 
receiving LNG vessel. Whether the transfer operation occurs in the interface or not is only important for 
the detailed technical guidance. At the level of Risk & Safety and concept of operations the presence of 
LNG in the proximity of the LNG fuel receiving vessel. 

Table 2.18 ï LNG fuel supply options inside the Port area (table 2) 

 

Having codified the LNG supply options in the previous tables it is now further detailed how these 

options can influence the concept of operations inside the Port, which aspects can be challenging from 

PAAs perspective and, also, how these can possibly influence the Spatial Planning of the Port as an 

important responsibility of PAAs when accommodating for LNG bunkering in the port services portfolio.  

 

Table 2.19 ï LNG fuel supply options inside the Port area (table 2) 

LNG Supply 
Mode 

(Code from Tables 
2.17 and 2.18) 

Description Observations/ Conditioning Factors 

1A1 1. LNG is brought to the Port area by 
truck. 

2. Storage in pressurized or atmospheric 
tanks, inside the port. 

3. LNG is then loaded for TTS bunkering 
on a spot demand basis. Final 
movement of LNG inside the port by 
wheels. 

4. Bunkering by Truck-to-Ship from the 
storage and loading site. 

5. Intermediate storage facilities used as 
buffer spot between supply of LNG and 
bunkering demand. 
 
Nr. of LNG transfers inside the port: 3 

 

 

¶ Number of trucks to keep storage capacity can 
be significant, depending on the demand. 

¶ Relevant if Port Area is large and LNG between 
storage and Receiving Ship is not viable by 
pipeline. 

¶ Reduced LNG bunkering capacity (each truck will 
be able to deliver approximately 25ton of LNG 
(in slightly less than an hour) ς see section 2.6 
for more detailed information. 

¶ Any potential variation-increase in bunkering 
demand would lead to an increase in the 
number of truck movements in the port area, 
both loading-on and loading-off. 
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LNG Supply 
Mode 

(Code from Tables 
2.17 and 2.18) 

Description Observations/ Conditioning Factors 

1A2 1. LNG is brought to the Port area by truck. 
2. Storage in pressurized or atmospheric 

tanks, inside the port. 
3. LNG is then loaded for STS bunkering. 

Final movement of LNG inside the port 
area by ship/barge. 

4. Bunkering by Ship-to-Ship from the 
storage and loading site. 
Nr. of LNG transfers inside the port : 3 

¶ Loading-on by trucks and loading-off by vessel is 
a very unlikely option accounting for the 
inflow/outflow balance. With very different 
capacities between truck LNG trailers and 
waterborne LNG transport (50m3 against 500 to 
5000m3, respectively) 

1A3 1. LNG is brought to the Port area by truck. 
2. Storage in pressurized or atmospheric 

tanks, inside the port. 
3. LNG is then transferred to the bunkering 

facility by pipeline onto a manifold, rigid 
arm or bunkering hose. 
 

 
Nr. of LNG transfers inside the port: 2 

¶ Loading of onsite storage facilities by truck is a 
very limited option to bring LNG fuel into the 
port area. 

¶ For higher demands in LNG volumes it will 
represent a rather intense LNG tuck traffic into 
the port area with a consequently high rate of 
loading operations. 

¶ Limited pipeline length by need to reduce 
pressure increase in the line due to heat influx 
along the transfer pipeline (even if insulated) 

1B1 1. Truck-to-Ship (TTS) directly to ship. LNG is 
brought to the Port in the same truck that 
will bunker the receiving vessel. 

2. No fixed storage of LNG. 
 
 
 
Nr. of LNG transfers inside the port: 1 

¶ This is perhaps the most common method for 
LNG bunkering today, despite the very limited 
capacity and LNG bunkering rates available from 
TTS solutions (around 50-200m3 and 40-
60m3/h). 

¶ Despite the low capacity and bunker rates this is 
an option that allows flexibility and response to 
spot-demand. 

2A1 1. LNG comes to the port by ship/barge, 
typically an LNG feeder vessel of higher 
capacity serving the intermediate 
logistical link between larger LNG import 
terminals and smaller LNG bunker 
facilities. 

2. LNG is loaded from the intermediate 
storage tanks onto LNG trucks for 
bunkering at designated location(s) inside 
the port.  

 
Nr. of LNG transfers inside the port: 3 
 

¶ This represents an option that would allow high 
capacity and loading rates onto an intermediate 
storage tank within the Port, breaking this into 
smaller volumes for loading LNG trucks (or even 
multi-costumer hub), adding value to the port in 
terms of multi-service portfolio. 

¶ Different LNG Bunkering operator can be 
involved if multi-operator loading from the 
storage site is allowed. 

¶ Different designated LNG bunkering locations 
could be served allowing for flexible LNG 
bunkering response. 

2A2 1. LNG comes to the port by ship/barge, 
typically an LNG feeder vessel of higher 
capacity serving the intermediate 
logistical link between larger LNG import 
terminals and smaller LNG bunker 
facilities. 

2. LNG is loaded from the intermediate 
storage tanks onto smaller LNG bunker 
barges for bunkering at designated 
location(s) inside the port.  

 
Nr. of LNG transfers inside the port: 1 
 
 
 
 
 
 
 

¶ This represents an option that would allow high 
capacity and loading rates onto an intermediate 
storage tank within the Port. 

¶ Different LNG Bunkering operator can be 
involved if multi-operator loading from the 
storage site is allowed. 

¶ Different designated LNG bunkering locations 
could be served allowing for flexible LNG 
bunkering response. 
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LNG Supply 
Mode 

(Code from Tables 
2.17 and 2.18) 

Description Observations/ Conditioning Factors 

2A3 1. LNG comes to the port by ship/barge, 
typically an LNG feeder vessel of higher 
capacity serving the intermediate 
logistical link between larger LNG import 
terminals and smaller LNG bunker 
facilities. 

2. LNG is transferred from storage tank 
location to bunkering facility by pipeline, 
either underground or above ground 
supports. 

 
Nr. of LNG transfers inside the port: 2 
 
 

¶ This is an inflexible method because the 
bunkering location must be close to the LNG 
ǎǘƻǊŀƎŜ ǘŀƴƪόǎύ όҖнрл Ƴύ ώнмϐΦ !ƭǎƻΣ ǘƘŜǊŜ Ƴŀȅ ōŜ 
conflicts with other activities taking place on the 
quay (i.e. loading/unloading of ships).  

¶ It is mainly indicated for situations with high 
bunker frequencies and small bunker volumes 
(e.g. supplying service vessels or scheduled ferry 
services). 

2B2 1. LNG comes to the port area in the LNG 
bunker vessel/barge directly to bunker a 
waterborne receiving vessel, either at 
anchor or at berth. 

2. No intermediate storage in the port area. 
 
 
Nr. of LNG transfers inside the port: 1 
 
 

¶ This method is mainly used for large bunker 
volumes (100 to 20,000 m³) and high bunker 
frequencies, with the bunker vessel being 
supplied from a large import terminal or 
medium-sized bunker terminal. Bunkering can 
take place at the quay where the ship is berthed 
or at a specific anchorage in port or out at sea. 
The capacity of the bunker vessel and the 
bunkering rate applied must be tailored to the 
fuel needs of the ships being supplied [21]. 

¶ This is a flexible method with which high 
bunkering rates can be achieved. The downsides 
are the high costs (initial investment and use) 
and possible interference with through traffic in 
the port. 

¶ It is important that careful nautical analysis is 
made for the LNG bunkering location. 

¶ For some ships bunkering by the outside may 
represent significant operational advantages, 
allowing the quay side for other possible 
operations. 
 
 

3A1 1. LNG can be derived from pipeline into the 
Port area in 2 different ways: 

a. Natural Gas pipeline into re-
liquefaction unit inside the port 
area. 

b. LNG pipeline from outside the 
Port area, from close-by LNG 
Import Terminal outside the 
port. 

2. LNG stored in intermediate onsite 
pressure/atmospheric tanks within the 
port area. 

3. LNG loaded into LNG trailer trucks, for 
later bunkering at designated bunkering 
location. 
 
Nr. of LNG transfers inside the port: 2 
 
 
 
 
 

 

¶ This represents an option that would allow high 
capacity and loading rates onto an intermediate 
storage tank within the Port, breaking this into 
smaller volumes for loading LNG trucks (or even 
multi-costumer hub), adding value to the port in 
terms of multi-service portfolio. 

¶ Different LNG Bunkering operator can be 
involved if multi-operator loading from the 
storage site is allowed. 

¶ Different designated LNG bunkering locations 
could be served allowing for flexible LNG 
bunkering response. 
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LNG Supply 
Mode 

(Code from Tables 
2.17 and 2.18) 

Description Observations/ Conditioning Factors 

3A2 1. LNG can be derived from pipeline into the 
Port area in 2 different ways: 

a. Natural Gas pipeline into re-
liquefaction unit inside the port 
area. 

b. LNG pipeline from outside the 
Port area, from close-by LNG 
Import Terminal outside the 
port. 

2. LNG stored in intermediate onsite 
pressure/atmospheric tanks within the 
port area. 

3. LNG loaded into LNG bunker vessel/barge, 
for later bunkering at designated 
bunkering location. 
 
Nr. of LNG transfers inside the port: 2 
 
 

¶ LNG bunkering via bunker vessel/barge is a 
solution for high capacity and high transfer rates. 

¶ Having a re-liquefaction facility onsite would 
allow flexibility in the production of LNG that 
would potentially be favourable to adjust the 
offer to the demand in peak demand periods.  

¶ This represents an option that would allow high 
capacity and loading rates onto an intermediate 
storage tank within the Port, breaking this into 
smaller volumes for loading LNG trucks (or even 
multi-costumer hub), adding value to the port in 
terms of multi-service portfolio. 

3A3 1. LNG can be derived from pipeline into the 
Port area in 2 different ways: 

a. Natural Gas pipeline into re-
liquefaction unit inside the port 
area. 

b. LNG pipeline from outside the 
Port area, from close-by LNG 
Import Terminal outside the 
port. 

2. LNG stored in intermediate onsite 
pressure/atmospheric tanks within the 
port area. 

3. Transfer for bunkering location by LNG 
pipeline (short distance run) 

 
Nr. of LNG transfers inside the port: 1 
 
 

¶ This is an inflexible method because the 
bunkering location must be close to the LNG 
ǎǘƻǊŀƎŜ ǘŀƴƪόǎύ όҖнрл Ƴύ ώнмϐΦ !ƭǎƻΣ ǘƘŜǊŜ Ƴŀȅ ōŜ 
conflicts with other activities taking place on the 
quay (i.e. loading/unloading of ships).  

¶ The layout of de LNG pipeline will have an 
impact on spatial planning, dictating important 
local construction measures. 

¶ Typical solution indicated for high bunkering 
rates and volumes. 

3B1 1. In the case featured there is no 
intermediate onsite storage. LNG would 
come to the port area in liquid form, via 
special insulated pipeline. 

 

 

 

 

 

 
Nr. of LNG transfers inside the port: 1 

 

¶ This is an inflexible method because not only the 
bunkering location must be close to the LNG 
ǎǘƻǊŀƎŜ ǘŀƴƪόǎύ όҖнрл Ƴύ ώнмϐΦ  

¶ Bringing LNG into the port area by special 
insulated line would also mean that the LNG 
production would have to be very close to the 
port, representing several challenges in spatial 
planning. 

¶ Should the LNG be sourced from another ship or 
barge berthed at a different quay, the challenges 
would be similar, in particular with the layout for 
the special pipelines.  
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LNG Supply 
Mode 

(Code from Tables 
2.17 and 2.18) 

Description Observations/ Conditioning Factors 

S4 1. LNG fuel is here transferred to the 
receiving waterborne vessel via portable 
tanks. 

2. LNG portable tanks can be embarked 
loaded-in or rolled-in, if transferred in 
suspension by crane or embarked 
directly via truck, respectively. 
 

 

 

 
Nr. of LNG transfers inside the port: 0 
(LNG transfer occurs inside the ship) 

 

¶ The present Guidance includes bunkering by 
portable tanks within its scope.

16
 

¶ It will be important for the port to differentiate 
the handling of these containerized units from 
other containerized cargo. 

¶ The differentiation mentioned above should 
encompass: 

i. Bunkering location 
ii. Possible intermediate storage location 

for LNG portable tanks (safe area in the 
quay side) 

iii. Possible limitations in the loading/rolling 
in operation accounting for other 
operations. 

 

S5 1. LNG can be supplied to an LNG fuelled 
waterborne vessel whilst at berth, 
directly from an LNG trailer tank, ISO 
portable container or even barge to an 
LNG fuel burning unit onboard. 

2. The LNG would, in this case, be fed 
through an Evaporator onboard onto the 
Ǝŀǎ ŦǳŜƭƭŜŘ ǳƴƛǘ όŜƴƎƛƴŜΣ ōƻƛƭŜǊΧύ ŀǘ ǘƘŜ 
exact consumption rate of that unit. 

3. The LNG truck, portable tank or barges 
are used in this option as LNG temporary 
storage unit for the receiving ship whilst 
at berth. 
 
 
 

¶ This operation is mentioned throughout the 
DǳƛŘŀƴŎŜ ŀǎ ά[bD ŦǳŜƭƭƛƴƎέ ōǳǘΣ ƛƴ ŦŀŎǘΣ ƛǘ 
consists of a bunkering operation scoped within 
the definition presented in 2.4.1. 

¶ The challenges presented to this type of 
operation are similar to the LNG fuel transfer 
operation, with the additional concern that the 
LNG storage stands outside, close to the vessel 
in a location that is, otherwise, not a fuel 
storage location. 

¶ The interesting aspect of this option is that 
ships can improve their environmental 
performance whilst at berth without having to 
invest in onboard LNG storage or complex fuel 
systems. 

¶ The challenge is that, whilst LNG fuel storage 
spaces onboard are regulated by the IGF Code, 
it is not the same case outside the ship and, 
therefore, also outside the scope of the IGF 
Code. 
 

S6 1. In this case, electrical energy is supplied 
to the receiving vessel, not LNG. 

2. LNG fuel is used by power generation 
units, or small-scale power plants, that 
will provide electrical shore-side energy 
to the receiving vessel. 
 

¶ This operation is by far the one the most 
different from typical LNG bunkering operation 
and, in fact, LNG is never transferred to the 
receiving vessel.  

¶ The most relevant aspect to take into account, 
this special situation S6 is the fact that a small 
LNG power plant is close to the receiving vessel, 
either alongside or in the vicinity of the 
receiving vessel. 

¶ It represents an important application of LNG 
energy, adding value to the Ports 
environmental performance and, also, allowing 
ships to meet air emissions requirements whilst 
at birth. 

 

 

                                                      
16

 This is not the same approach followed in all LNG bunkering references where LNG fuel portable tanks are dealt as hazardous materials handling 
operations. In the context of the definition presented in 2.4.1 of the present Guidance this is considered bunkering. Important note to make is that 
there is no correct way of classifying this, but aligning requirements for loading in and rolling in portable LNG containers should be in line with IGF 
Code requirements for these tanks onboard. Since the IGF Code deals with fuel, and not cargo, the operation of loading or rolling LNG fuel tanks, 
followed by their safe stowage and connection is here featured as an LNG bunkering option. 
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 LNG Bunkering Modes 2.5

Delivering LNG fuel to a ship can be done in different ways, following different methods, depending on 

different logistic and operational factors. Various LNG bunkering methods are available, with Truck-to-

Ship (TTS) being the most commonly used. Todayôs choice for TTS method has been a result of 

different aspects and difficulties that concur in the development of the business case for bunkering LNG 

as a marine fuel. On one hand the operational flexibility and limited infrastructure requirements for TTS 

and, on the other hand, relatively low initial investment to establish business readiness, have driven the 

option for this LNG bunkering method. The table below covers the relevant possible methods of 

bunkering LNG fuelled vessels. 

Table 2.20 ï LNG bunkering methods 

Method Typical 
Volumes  (V) 
and Bunker 
Rates (Q) [21] 

Advantages  Disadvantages 

Truck-to-Ship - TTS 
LNG truck connected to the 
receiving ship on the 
quayside, using a flexible 
hose, assisted typically by a 
hose-handling manual 
cantilever crane. 

 

 
± Ғ рл-100m3 
 
v Ғ пл-
60m3/h 

¶ Operational Flexibility 

¶ Limited Infrastructure 
requirements 

¶ Possibility to adjust delivered 
volumes (nr. of trucks) to 
different client needs. 

¶ Possibility to adapt to different 
safety requirements. 

¶ Possibility to serve different 
LNG fuel users on point-to-
point delivery 

 

¶ Limited capacity of trucks: 
approximately 40-80 m3 is 
likely to dictate multi-truck 
operation. 

¶ Limited flow-rates (900-
1200l/hr) 

¶ Significant impact on other 
operations involving 
passengers and/or cargo. 

¶ Limited movement on the 
quay-side, mostly influenced 
by the presence of the bunker 
truck(s). 

¶ Exposure to roadside eventual 
limitations (permitting, 
physical limitations, traffic 
related, etc.) 

Ship-to-Ship - STS 
LNG is delivered to the 
receiving vessels by another 
ship, boat or barge, moored 
alongside on the opposite 
side to the quay. LNG delivery 
hose is handled by the 
bunker  

 

 
± Ғ млл-
6500m3 
 
v Ғ рлл-
1000m3/h  
 

¶ Generally does not interfere 
with cargo/passenger handling 
operations. Simultaneous 
Operations (SIMOPS) concept is 
favoured. 

¶ Most favourable option for LNG 
bunkering, especially for ships 
with a short port turnaround 
time. 

¶ Larger delivery capacity and 
higher rates than TTS method. 

¶ Operational flexibility ς 
bunkering can take place 
alongside, with receiving vessel 
moored, at anchor or at station. 

 
 

¶ Initial investment costs 
involving design, 
procurement, construction 
and operation of an LNG 
fuelled vessel/barge. 

¶ Significant impact in life-
cycle cost figures for the 
specific LNG bunker 
business. 

¶ Limited size for bunker 
vessel, conditioned by port 
limitations. 
 

Terminal (Port)-to-Ship - 
PTS 
LNG is either bunkered 
directly from a small storage 
unit (LNG tank) of LNG fuel, 
small station, or from an 
import or export terminal.  

 

± Ғ рлл-
20000m3 
 
v Ғ мллл-
2000m3/h  
 

¶ Possibility to deliver larger LNG 
volumes, at higher rates. 

¶ Good option for ports with 
stable, long-term bunkering 
demand. 
 

¶ From operational 
perspective it may be 
difficult to get the LNG 
fuelled receiving vessel to 
the Terminal. 

¶ Proximity of larger LNG 
terminal may not be easy to 
guarantee. 

¶ Calculation of available LNG 
for delivery, in small storage 
tanks, can be difficult unless 
pre-established contract 
exist 

LNG Bunkering 
InterfaceShore/Port-Side Ship-Side

LNG Bunkering 
InterfaceShore/Port-Side Ship-Side

LNG Bunkering 
InterfaceShore/Port-Side Ship-Side
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Method Typical 
Volumes  (V) 
and Bunker 
Rates (Q) [21] 

Advantages  Disadvantages 

ISO Container-to-Ship 
LNG can also be delivered to 
the receiving vessel by 
embarkation of ISO 
containerized LNG tanks. 
If the receiving vessel is pre-
fitted with LNG connections 
the fuel can then be used. 
 

 

Typical 
capacity: 
 
ISO 20ft: 
20,5m3 
 
ISO 40ft: 
43,5m3 

¶ Absence of interface bunkering 
operations 

¶ Simplification by exempting 
operations from hoses and 
other operational aspects. 

¶ Potential advantages from 
intermodal possibilities. 

¶ leveraging of intermodal 
transportation  

 
 
 
 
 

¶ Connections onboard need 
to comply with strict 
construction regulations. 

¶ Limited volumes available in 
20-40 m

3
 containers. 

¶ Only suitable for a limited 
type of ships. 

¶ Requires pre-installation of 
LNG fuel installation. 

 
 
Depending on the LNG quantity needed and potential time constraints for the operation it is possible 
that different LNG bunkering modes are more applicable to different needs, from different ship types, 
operational profiles and LNG fuel onboard storage capacities. Very likely larger ships, that potentially 
make use of LNG for longer voyages, will naturally require larger bunker volumes and, inevitably higher 
bunker rates. This is very likely the potential LNG bunkering characteristics for Very Large Container 
Ships, who stay at berth for the shortest time interval possible whilst potentially requiring the largest 
volumes of LNG bunkering. A suitable LNG bunkering method should therefore be provided for such 
needs. In addition to the capacity challenge 
 

Table 2.21 ï Typical LNG bunkering per different generic ship type [21] 

Vessel Type 

(Receiving vessel) 

Bunker 

Quantity 

 

Rate Duration Hoses or arm 

diameter 

(pol) 

Adequate 

Bunkering 

Mode 

Service vessels, 
tugboats, patrol 
boats and fishing 
boats 

50 m³ 60 m³/h 45 min нȄнέ ƻǊ мȄоέ TTS 

Small Ro-Ro and Ro-
Pax vessels 

400 m³ 400 m³/h 1 hr нȄпέ ƻǊ мȄсέ TTS/ STS 

Large Ro-Ro and Ro-
Pax vessels 

800 m³ 400 m³/h 2 hr 2x4έ ƻǊ мȄсέ STS 

Small cargo, 
container and freight 
vessels 

2,000 ς 3,000 

m³ 

1,000 m³/h 2 to 3 hr нȄуέ ƻǊ мȄмнέ STS 

Large freight vessels 4,000 m³ 1,000 m³/h 4 hr нȄуέ ƻǊ мȄмнέ STS 

Large tankers, bulk 
carriers and 
container ships 

10,000 m³ 2,500 m³/h 4 hr нȄмлέ STS/ PTS 

Very large container 
ships and oil tankers 20,000 m³ 3,000 m³/h 7 hr нȄмнέ STS/ PTS 

 

LNG Bunkering 
InterfaceShore/Port-Side Ship-Side
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All LNG bunkering modes share several fundamental aspects of concern that need to be carefully 

addressed in order to have safe and successful operations: 

¶ Risk Analysis and Safety Management, intrinsically different depending on the method chosen 

for bunkering. 

¶ Permitting, which will be needed for the different operations, from the relevant competent 

authorities 

¶ Training of all personnel involved, both onboard and ashore. 

 LNG Bunkering Equipment, Ships and Infrastructure 2.6

As identified in the previous sections, LNG bunkering can assume very different shapes in terms of LNG 

supply chain and LNG bunkering mode. This will relate to the particular aspects of bunkering location, 

receiving LNG vessel characteristics and BFO service portfolio. Inherent to the different bunkering 

options and modes it is possible to consider different equipment, ships and infrastructure elements that 

compose the different LNG bunkering solutions. Table 2.22, below, includes these relevant elements 

with an indicative description for information. 

Table 2.22 ï LNG Bunkering relevant Equipment and Infrastructures [21] 

Equipment 

(Equipment/Ship/Infrastructure) 

Description 

 

1. LNG Feeder Vessels 

 

 

LNG feeder vessels are small to medium-sized LNG carriers used for 
regional transport of LNG with a view to its use as ship fuel or the 
industrial use of natural gas in remote places.  
LNG feeder vessels currently in operation or under construction are 
double-hulled gas carriers with a capacity of 7,500-30,000 m³ [21]. The 
size and main dimensions of the vessels will depend on market demand 
and the physical limitations of the intended unloading location, such as 
dimensions of the berthing site and draught at the jetty. 
The figures below show some examples of LNG feeder vessels with 
different capacities. 
 
LNG feeder vessels can be loaded at large LNG import terminals. Loading 
takes place via fixed cryogenic pipes and flexible hoses or fixed arms at 
the typical rate of 1,000-6,000 m³/h (depending on the size of the feeder 
ǾŜǎǎŜƭύ ώнмϐΦ ¢ƘŜ [bD ǾŀǇƻǳǊ ŘƛǎǇƭŀŎŜŘ ŦǊƻƳ ǘƘŜ ǎƘƛǇΩǎ ŎŀǊƎƻ ǘŀƴƪǎ ƛǎ 
returned to the terminal via a vapour return line. 
 
Unloading of the vessel at a bunker terminal or bunkering station is also 
done using fixed cryogenic pipes and flexible hoses or fixed arms. The 
LNG is pumped to the terminal by the submersible pumps fitted in the 
ǎƘƛǇΩǎ ŎŀǊƎƻ ǘŀƴƪǎ ŀǘ ŀ ǘȅǇƛŎŀƭ ǊŀǘŜ ƻŦ мΣллл - 6,000 m³/h 

 

Figure 2.17 and 2.18  ï LNG Feeder vessels ï ñCoral Methaneò (7,500 
m3) and ñFKLAB L2ò project  (16,500m3) [21] 

2. LNG Bunker Vessel 

 

 

 

LNG bunker vessels are small LNG ships used for the direct supply of LNG 
fuel to ships inside or outside a port. During bunkering, the LNG is 
pumped ŦǊƻƳ ǘƘŜ ōǳƴƪŜǊ ǾŜǎǎŜƭΩǎ ŎŀǊƎƻ ǘŀƴƪǎ ŘƛǊŜŎǘƭȅ ƛƴǘƻ ǘƘŜ ŦǳŜƭ ǘŀƴƪǎ 
of the ship being supplied. LNG bunker vessels are identical in design to 
LNG feeder vessels and typically have a capacity of 500- 20,000 m³. 
 
LNG bunker vessels represent today a key role in the ability of LNG 
bunkering to grow in capacity whilst avoiding the difficulties of shore 
side/ quay operation. Bunkering from the opposite side to the quay will 
allow to design bunkering an port operation in a more flexible 
 

Figure 2.19, 2.20 and 2.21 (top to bottom)  ï LNG bunker vessels ï 
ñCoraliusò (5,800 m3), AGA ñSeagasò (187m3) and ñFKLAB L2ò project  
(16,500m3) [21] 

 
Small LNG bunker vessels (500 ς 3,000 m³) are usually equipped with one 
or two cargo tanks. These are mainly cylindrical cargo tanks with a design 
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 In general, barges intended for the carriage of liquefied gases in bulk are to comply with the International Code for the Construction and 
Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code) as appropriate, or other national standard, as applicable to the non-propelled 
status of the vessel.  

A special certificate attesting to the degree of compliance with the above codes or national standard may be issued upon request.  

For manned barges, consideration is to be given for full compliance with the code. In all cases, it is the Ownerôs responsibility to determine the 
requirements of flag Administration and port Administration. 

 

 

 

pressure of 3 to 4 barg (IMO type C tank) and an individual tank capacity 
of 500 - 2,000 m³ of LNG. 
LNG bunker vessels can be loaded at small to medium-sized bunker 
terminals or large LNG import terminals. Loading takes place via fixed 
cryogenic pipes and flexible hoses or fixed loading arms at a rate of 200-
3,000 m³/h (depending on the size of the bunker vessel). 
Bunkering is done using flexible hoses or fixed arms at a rate of 60-3,000 
m³/h depending on the size of the fuel tanks on the receiving vessel. [21]. 
 
Rules applicable to LNG bunker vessels are typically IGC Code unless the 
bunker vessel is operating only in inland waterways, outside the scope of 
IMO IGC Code applicability. Here the applicable instruments would be 
defined at National Administration level. In the EU context the ADN 
agreement, Directive 2016/1629 or RVIR regulation would apply. 
Details of certification elements required for barges included in Section 
15 of the present Guidance. 
 

LNG Bunker Barge 

 

 

 

 

LNG Bunker Barges are, essentially, the non-propelled version of LNG 
bunker vessels. All types of different LNG capacities and containment 
systems are possible, with a growing number of designs being developed. 
 
Mobility of these barges is subject to push-pull tug arrangements or to 
any other external propelling unit that deliver the barge the ability to be 
moved around the port area, responding to different LNG bunkering 
needs in potential different LNG bunkering locations. 
 
The use of a tug or external unit for mobility represents, on one hand, a 
clear flexible option that allows moving different floating units with one 
propelling craft. On the other hand, it may represent a challenge for 
manoeuvrability in higher traffic waterways. 
 
Barges can have integral LNG tanks or, as in the cases presented in the 
figures to the left, tanks above main deck. 
Whilst rules have been developed for LNG bunker vessels, mostly derived 
from IGC and IGF Codes, barges seem not to have a dedicated of of rules 
that apply directly to the carriage LNG fuel and bunkering services

17
. This 

may impose a challenge in the harmonization of these floating craft that 
should be taken into consideration by PAAs.  
 
Details of certification elements required for barges included in Section 
15 of the present Guidance. 

 

 

Figure 2.22, 2.23, 2.24 and 2.25 ï LNG bunker barges ï top to bottom 1) 
barge with 2 (two) type-C tanks above deck; 2) Transport barge with 
ISO 40ô LNG containers; 3) LNG bunker barge with membrane tank, 
equipped with rigid LNG transfer arm and 4) LNG Bunker barge, here 
seen as a berthing interface, similar to a floating storage unit (FSU) for 
LNG bunkering service.  
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LNG IMO Tanks/Containment Systems 

For the cargo tanks used on gas carriers, a distinction is generally made between non-self-supporting tanks (atmospheric 
membrane tanks) and self-supporting tanks (actual pressure tanks). The self-supporting cargo tanks are subdivided into 
three classes according to their strength. The same classification (IMO Classification) is used for LNG fuelled ships, to define 
the LNG fuel tanks. 

 

 
 

 

 

Figure 2.26 ï LNG Tanks IMO Classification 

IMO TYPE A TANK 
These are prismatic cargo tanks with a low design pressure 
(< 0.7 barg). The material used in the construction of these 
tanks offers insufficient resistance to crack propagation, so 
that for safety reasons a second shell (tank wall) has to be 
provided to contain any leaks. This second shell can also be 
formed by parts of the ship (e.g. inner hull) provided that 
these are capable of resisting the low temperature of the 
cargo. 
 
 

IMO TYPE B TANK 
These are prismatic or spherical cargo tanks with a low 
design pressure (< 0.7 barg), for which a great deal of 
attention has been paid in the design phase to detailed 
stress analyses (inter alia in relation to fatigue and crack 
propagation). 
Spherical Moss-Rosenberg tanks are the best known 
example of this type of tank. 
Because of the improved design, a type B cargo tank only 
needs to have a partial second shell, fitted on the underside 
of the tank in the form of a drip tray. 
 

IMO TYPE C TANK 
These are spherical, cylindrical or bilobe pressure tanks with 
a design pressure greater than 2 barg. The tanks are 
designed and built according to the conventional pressure 
vessel codes and, as a result, can be subjected to accurate 
stress analyses. Moreover, in the design phase much 
attention is paid to eliminating possible stresses in the tank 
material. For these reasons, type C cargo tanks do not 
require a second shell. 

 

Figure 2.27 ï LNG Type-C Tank 

For ships in which the cargo is transported in a cooled and 
partially pressurised state, the cargo tanks and associated 
apparatus are typically designed for a working pressure of 4 
to 6 barg and a vacuum of 0.5 bar. 
The cargo tanks are typically insulated with polystyrene or 
polyurethane panels attached to the tank wall. 

Membrane Tank 
The inner surface of the insulation is exposed to the cargo. - 
Membrane tank ς Membrane tanks are not-self-supporting 
tanks which consist of a thin layer (membrane) supported 
through insulation by the adjacent hull structure.  

 
Despite the fact that membrane 
tanks are today widely used in 
LNG cargo tankers, the 
application of these technologies 
for LNG as Fuel is still without 
much expression. 
 
Membrane tanks, as in Type A or 
B, optimize holding time by 
improved insulation. 
 
 
 

Figure 2.28 ï Membrane 
Tanks. Different technologies.  
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18

 Maximum authorised mass (MAM) means the weight of a vehicle or trailer including the maximum load that can be carried safely when itôs being 
used on the road. 

This is also known as gross vehicle weight (GVW) or permissible maximum weight. It will be listed in the ownerôs manual and is normally shown on 
a plate or sticker fitted to the vehicle. 

The plate or sticker may also show a gross train weight (GTW), also sometimes called gross combination weight (GCW). This is the total weight of 
the tractor unit plus trailer plus load. 

19
 The use of single-wall trucks for domestic transportation of LNG is not allowed in some countries due to concerns about the fire safety of these 
trucks given the flammable nature of the insulating material. 

LNG Trucks 

 

 

Regional transport and local distribution of LNG can also be performed 
using LNG trucks provided that the distance between the loading and 
unloading locations is not too great (max. 500 km) and the consumption 
of the local consumer is small. 
 
The capacity of LNG trucks varies from 35 to 56 m³ for conventional 
trucks and up to 80 m³ for a truck/trailer combination. As an alternative 
to trucks, L{h ǘŀƴƪ ŎƻƴǘŀƛƴŜǊǎ ǿƛǘƘ ŀ ŎŀǇŀŎƛǘȅ ƻŦ нм Ƴш όнлέ ŎƻƴǘŀƛƴŜǊύ ƻǊ 
пр Ƴш όплέ ŎƻƴǘŀƛƴŜǊύ Ŏŀƴ ŀƭǎƻ ōŜ ǳǎŜŘΦ  
In some countries there may be a restriction on the maximum authorised 
mass (MAM)

18
 of trucks used for domestic transport. 

 
In terms of cargo tank design, LNG trucks can be divided into two types 
[21]: 

¶ Trucks with a single-walled cargo tank made of stainless steel, 
insulated with insulating rigid polyurethane panels and fitted 
with a thin aluminium or stainless-steel protective cover

19
; 

¶ Trucks with a double-walled vacuum-insulated cargo tank 
comprising an inner tank made of aluminium or stainless steel 
and an outer tank of carbon steel. The space between the inner 
and outer tanks is a vacuum and is further insulated with 
perlite, glass wool or a super-insulating foil. 

 

Figure 2.29 and 2.30 ï LNG trucks in bunkering operation ï From the 
top, LNG truck bunkering with second truck-trailer for Nitrogen/Inert 
Gas supply. Below 2 (two) LNG trucks bunkering back-to-back via 
common 2-way manifold derivation. 

 
The cargo tank of an LNG truck typically has a design pressure of 5 to 6 
barg and is equipped with a redundant overpressure protection system 
with two safety valves [21] 
The main specifications of LNG trucks are presented below. The pressure 
and temperature of the LNG in the truck during transportation is typically 
between 0 and 3 barg (-160°C and -142°C). 
 

Table 2.23 ï General specifications of LNG trucks [21] 

Volume  35 - 56 m³ (14 - 23 tonnes of LNG) 

Maximum Filling % Max. 90% 

Design pressure (test pressure) 5-6 barg (9 barg) 

Set pressure of safety valves typically 5-6 barg 

 
LNG trucks can be loaded at large LNG import terminals or medium sized 
bunker terminals at a rate of 50 - 100 m³/h. The LNG is pumped from the 
LNG storage tanks into the truck using a submersible pump via a fixed 
cryogenic pipe and a flexible (un)loading hose. The displaced LNG vapour 
is returned to the storage tanks via a vapour return line. 
 
Unloading of LNG trucks at a bunker terminal or local bunkering station is 
also done using a flexible hose (2-оέύ ŀƴŘ ŀ ŦƛȄŜŘ ŎǊȅƻƎŜƴƛŎ ǇƛǇŜ ŀǘ ŀ 
typical rate of 40 to 60 m³/h. The LNG can be transferred using a pump 
fitted on the truck or by raising the pressure in the truck using a pressure 
build-up coil or a connection to an external nitrogen or natural gas 
network. 
 



EMSA Guidance on LNG Bunkering to Port Authorities/Administrations 

56 

                                                      
20

 IGF Code Section  

LNG Truck Common Bunkering Manifold 

 

 

 

As LNG bunkering demand increases, the capacity of LNG truck (both in 
terms of volumes or LNG transfer rates) becomes insufficient. To 
continue using LNG trucks for TTS bunkering, the option found to increase 
volumes and transfer rates and optimize LNG bunker delivery operation 
times includes today common manifold structures as the one presented 
in the figure to the left. 
 

Figure 2.30 and 2.31 ï LNG trucks in common manifold bunkering 
operation 

The option for common manifolds has been first featured in IACS Rec. 
142 where it is mentioned:  Depending on the shore side arrangement it 
may be possible to increase the bunker rate to some extent by 
simultaneous bunkering from multiple trucks via a common manifold. 
 
Adequate and detailed operating procedures are important for safety of 
the operation. All the steps (preparation, pre-bunkering, bunkering, post-
bunkering should be carefully detailed and explained. The risks and safety 
of the whole operation should be carefully assessed, not only in terms of 
HAZID and HAZOP analysis for the LNG bunkering operation, but also on 
the implications for the LNG bunkering location. 
 
 
 

ISO LNG Tanks 

 

 

 

 

 

 

ISO LNG Tanks are elements with the potential to play an important role 
in the LNG fuel value chain, not only as cargo but also as fuel.  
With the following typical capacities:  

¶ ISO 20ft: 20,5m3  

¶ ISO 40ft: 43,5m3  
With the possibility of portable fuel tanks to be used as LNG fuel units 
included in the IGF Code

20
, it is possible to consider the use of these 

elements as fuel storage for ships converted to LNG as fuel that did not 
make use of the hull internal volume to place fixed LNG fuel storage. 
A normal tank container intended for transporting LNG cannot, however, 
be used directly as a portable fuel tank since it does not fulfil all the 
requirements for marine LNG fuel tanks. Modifications relating to remote 
monitoring and safety systems, IMO type C tank requirements, and 
leakage & spill protection are a few items that need to be specifically 
considered for marine fuel tanks. The list below identifies the 
characteristics of LNG portable fuel tanks that need to be considered, on 
top of those required for LNG cargo ISO tanks. 
 

 

Figure 2.32, 2.33 2.34 ï ISO LNG fuel tanks ï From top to bottom: 1) 
20ft ISO LNG and 2) 40ft ISO LNG. Bottom figure is the artistic 
representation of the LNG FuelPac ISO concept from Wartsila with ISO 
portable tanks, ñplug-inò common manifold and evaporator on deck. 

Only the first two 
requirements are 
required for ISO LNG 
tanks 
 
Remaining aspects to 
be covered for LNG 
portable tanks. 
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Rigid/Mechanical arms  

  

²Ƙƛƭǎǘ ǎƳŀƭƭŜǊ ŘƛŀƳŜǘŜǊ н ǘƻ оέ [bD ƘƻǎŜǎ ŀǊŜ Ŝŀǎƛƭȅ ƘŀƴŘƭŜŘ ōȅ ƘŀƴŘΣ 
larger diameters are far more difficult to handle. The use of dedicated, or 
general purpose, cranes have therefore been of great assistance in the 
operation of LNG hoses for connection with the LNG receiving vessel. 
 
In addition to the support of LNG hoses weight during bunkering, other 
aspects are important drivers for the use of mechanical rigid LNG 
bunkering arms: 

i. Safety of the whole LNG bunkering operation 
ii. Precision in the connect/disconnect procedure 
iii. Optimization of bunkering duration 
iv. Possibility to deliver LNG bunker connection at different heights 

 
Full rigid arms are provided with rigid insulated pipe sections through 
which LNG is pumped through to the receiving vessel. Swivel joints allow 
the necessary motion in the intended degrees of movement, whilst 
pneumatic/hydraulic assisted mechanisms provide the motion and binary 
forces for the mechanic arm. 
 
Typical installations for such arms would be LNG bunkering fixed stations 
or LNG bunker vessels. 
 

Figure 2.35 and 2.36 ï From top to bottom: 1) Mechanical arm for hose 
handling with dedicated saddle articulated points and 2) Example of a 
full articulated mechanical LNG bunker arm. 

 

LNG bunkering stations 

 

 

 

 

 

 

Local jetties can be equipped with a small-scale LNG bunkering station 
that is used to supply specific end users (e.g. service vessels or ferries). 
The storage capacity of such bunkering stations is typically 100 to 3,500 
m³ [21]. Bunkering takes place by means of a fixed bunkering installation 
(i.e. a cryogenic pipe and loading arm or flexible hose) from the 
stationary LNG storage tanks at a rate of 50 - 500 m³/h depending on the 
size of the vessel being supplied. 

Such stations are generally supplied by small LNG ships (capacity: 500 to 
3,000 m³) or LNG trucks that bring the LNG from a nearby LNG bunker 
terminal or from a large LNG import terminal [21]. A possible alternative 
to supplying LNG by ship or truck is to build a small-scale liquefaction unit 
with a capacity of 5,000 to 20,000 tpa in the immediate vicinity of the 
station. 

The figures to the left show some examples of small-scale LNG stations.  

Whereas the two figures on the top are demonstrative of small-scale 
fixed LNG bunkering stations, the one on the bottom is intended to 
demonstrate what can be achieved through a temporary installation of 
an LNG trailer, on a semi-fixed installation. It is important that PAAs are 
aware that even if this situation is not a fixed installation, similar 
concerns should be considered. The use of LNG trailer trucks in semi-fixed 
LNG bunkering installations should not represent a way to avoid more 
stringent regulatory requirements for fixed small scale LNG bunkering 
sites. 

 

Figure 2.37, 2.38 and 2.39 ï Two on the top representing fixed LNG 
bunkering installations, both with 3 horizontal pressure tanks. The one 
below representing an LNG trailer installed temporarily, with concrete 
defences and  

The storage tanks used at a local LNG bunkering station are typically 
cylindrical tanks with a volume of 100 to 1,000 m³. More specifically, they 
are double-walled vacuum insulated pressure tanks set up either 
horizontally or vertically. The degree of filling of the tanks must not 
exceed 95% under any circumstances, in line with ADR requirements. 



EMSA Guidance on LNG Bunkering to Port Authorities/Administrations 

58 

The LNG is stored in the tanks at a pressure of 0 to 4 barg and a 
temperature of -160°C to -138°C. Because the tanks are vacuum-
insulated, little heat is lost through the tank wall and the tank pressure 
will only rise very gradually during long periods when no LNG is 
withdrawn. The tanks are also fitted with an ambient air vaporiser to 
keep the tank pressure at the desired level as well as a redundant 
overpressure protection system with two safety valves. 

The figure below shows a schematic representation of a vacuum-
insulated LNG tank.  
 

 
 

Figure 2.40 ï LNG storage pressure tank  [21] 

The characteristics dimensions of such tanks are given in the table below 
[21]: 

Table 2.24 ï Typical characteristic dimensions for LNG storage 
pressure tanks [21] 

Tank 
Volume 

100m
3
 250m

3
 500m

3
 700m

3
 

Diameter 3.5 4.3 5 5.5 

Length 16.5 23 30 35 

Max. 

connection 

(mm) 

[inches]  

(100) 
[4] 

(150) 
[6] 

(150) 
[6] 

(200) 
[8] 

 

The ship bunkering installation is similar to the installation used to unload 

LNG ships, namely a fixed cryogenic pipe and a flexible hose or loading 

arm. The flow rates applied when bunkering vessels using a fixed 

installation are typically 50 to 500 m³/h depending on the size of the ship 

being supplied  

Fixed LNG bunkering stations can be loaded both from ships or trucks: 
 
Loading from LNG ships: 
LNG ships unloaded at a bunkering station have a typical capacity of 500 
to 3,000 m3 and unloading takes place via a fixed arm or a flexible hose at 
a rate of 200- 1,000 m³/h. The diameter of the unloading arm or hose 
ǳǎŜŘ ŦƻǊ ǘƘƛǎ ǇǳǊǇƻǎŜ ƛǎ пέ ǘƻ уέΦ ¢ƘŜ [bD ƛǎ ǘǊŀƴǎŦŜǊǊŜŘ ǘƻ ǘƘŜ ǎǘƻǊŀƎŜ 
ǘŀƴƪ Ǿƛŀ ŀ ŎǊȅƻƎŜƴƛŎ ǳƴƭƻŀŘƛƴƎ ǇƛǇŜ ǿƛǘƘ ŀ ŘƛŀƳŜǘŜǊ ƻŦ пέ ƻǊ млέΦ ¢ƘŜ 
unloading pipes must be kept as short as possible (<250 m) to minimise 
boil-off gas losses and associated pressure increase in the LNG line. 
 
Loading from LNG ships: 

The LNG trucks used to supply the station are generally unloaded at a 

rate of 40 - сл ƳшκƘ ǳǎƛƴƎ ŀ ŦƭŜȄƛōƭŜ ǳƴƭƻŀŘƛƴƎ ƘƻǎŜ όоέύ ŀƴŘ ŀ ŎǊȅƻƎŜƴƛŎ 

[bD ǇƛǇŜ όоέκпέύΦ ¢ƘŜ [bD Ŏŀƴ ōŜ ǘǊŀƴǎŦŜǊǊŜŘ ǳǎƛƴƎ ŀ Ǉǳmp fitted on the 

truck or by raising the pressure in the truck using a pressure build-up coil. 

 

 

1 2

Vapour line

LNG

PRV1 PRV2

Vacuum space
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Liquefaction units 

 

 

 
 

Building a small to medium-sized liquefaction unit is a possible alternative 
to shipping in LNG to bunker terminals and bunkering stations. Such 
liquefaction units have a production capacity of 5,000 to 20,000 tpa (for 
bunkering stations) and 40,000 to 300,000 tpa (for bunker terminals). 
Medium-sized liquefaction units typically have a production capacity of 
270 to 2,000 m³ of LNG per day, which implies a natural gas consumption 
of 7,200 to 54,000 m³ (n)/h. 
Small liquefaction units typically have a production capacity of 35 to 135 
m³ of LNG per day, which implies a natural gas consumption of 900 to 
3,600 m³(n)/h. 
 

Figure 2.41 ï Small liquefaction unit  [21] 

 
For LNG liquefaction units with a capacity of 5,000 ς 300,000 tpa, the 
following process cycles are mainly used [21]: 

-  an open cycle with turboexpander; 

-  a closed one- or two-stage cycle with nitrogen refrigerant; 

-  a closed one- or two-stage cycle with mixed refrigerant. 
 

 
LNG (re)-liquefaction plants are important infrastructure elements that 
allow both production of LNG onsite and Boil-Off Gas management 
through re-liquefaction.  

LNG pipeline (fixed installations) 

 

 

 

 

 

 

 

LNG pipelines are increasingly important elements in the context of LNG 
bunkering. They allow the LNG fuel to be transferred from the storage 
location (pressure or atmospheric tanks) into the LNG bunkering location. 
Even though they are not very common for  

The total length of the pipelines is limited to the efficiency of the 
insulation and, in principle, should not be longer than 250m [21]. This will 
depend on many aspects which are mostly local-dependent and whether 
the LNG distribution system has the ability to manage BOG generated 
during transfer. 

The LNG pipeline layout design can consider different routing solutions, 
either by aerial route with supports or lay along a special trench, 
designed to keep the LNG pipeline offset from the risks associated to 
vehicle circulation hazards/accidents. 

LNG pipelines are then able to feed either local numbering manifolds or 
directly into mechanical articulated arms as the one presented in this 
table, above. 

Whenever LNG pipelines are routed, aerial, over ground or underground, 
crossing public domain spaces, careful consideration must be paid to 
Safety with special dedicated measures and barriers to mitigate the risk 
of hazardous events affecting the pipeline. 

Inerting arrangements to be part of the LNG bunkering station. LNG 
pipeline to be permanently inerted outside LNG bunkering operation. 

 

Figure 2.42 and 2.43 ï underground LNG pipeline cross-sectional 
representation, highlighting the insulation layer and, below, LNG 
pipeline above ground (to be noted the apparent large diameter mostly 
due to insulation. Outer layer for physical protection and to avoid 
moisture frost formation. 
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LNG hoses 

 

 

 

 
 

 

LNG bunkering hoses are important elements in the LNG bunkering 
operation. Typically in composite multi-layer thermoplastic, LNG hoses 
are to be designed and certified according to the following standards: 

ω EN 1474-2 - Design and testing of marine transfer systems. 
Design and testing of transfer hoses 

ω EN 13766:2010 ς Thermoplastic multi-layer (non-vulcanized) 
hoses and hose assemblies for the transfer of liquid petroleum 
gas and liquefied natural gas ς Specification 

Typically, the bunker hose is expected to be provided by the supplier. It 
should be suitably long and flexible, such that the hose can remain 
connected to both the sǳǇǇƭƛŜǊΩǎ ƳŀƴƛŦƻƭŘ ŀƴŘ ǘƘŜ ǊŜŎŜƛǾƛƴƎ ǎƘƛǇΩǎ 
manifold during normal relative movements expected from wind, waves, 
draft changes, current, and surges from passing vessels. Typically, bunker 
hoses are constructed of composite materials and are flexible to allow for 
relative movements. The supplier should provide a bunker connection at 
ǘƘŜ ƘƻǎŜ ŜƴŘ ǘƘŀǘ ǿƛƭƭ ƳŀǘŎƘ ǘƘŜ ǊŜŎŜƛǾƛƴƎ ǎƘƛǇΩǎ ŎƻƴƴŜŎǘƛƻƴΦ !ƭǘƘƻǳƎƘ 
industry standardization has not yet been implemented, ISO/TS 
18683:2015 references relevant standards. 
 
Additionally, the hose should be capable of releasing without damage or 
significant spills if the relative position or movement of the receiving ship 
exceeds the limits. LNG bunker hoses are typically fitted with connections 
that are of the quick connect type and remain sealed until the connection 
(drip-ŦǊŜŜ ǘȅǇŜύ ƛǎ ƳŀŘŜΦ ¢ƘŜ ǊŜŎŜƛǾŜǊΩǎ ŜƴŘ ƻŦ ǘƘŜ ƘƻǎŜ ŀƭǎƻ ǿƛƭƭ ǳǎǳŀƭƭȅ 
be fitted with an emergency release system (ERS), such as a drip-free, 
breakaway coupling that gives way before excessive pull causes the hose 
to break or other damage to occur. 
 
This type of coupling uses spring loaded shutoff valves to seal the break 
and stop any LNG or vapour release. Quick connect and break-away 
couplings are readily available in the market and minimize the possibility 
of LNG leakage and gas escape.  
 
Cranes, loose gear, supports, etc., are to be provided for hose handling 
and bunkering operations and are to be designed, arranged and surveyed 
in accordance with the applicable requirements of the ABS Guide for 
Certification of Lifting Appliances.  
iii) Hose supports or cradles are to be used where necessary to keep hose 
ōŜƴŘǎ ǿƛǘƘƛƴ ǘƘŜ ŘŜǎƛƎƴ ƭƛƳƛǘǎΣ ŀǎ ǇŜǊ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΦ  
iv) Fixed LNG bunker transfer systems are to be designed and tested in 
accordance with recognized standards such as EN1474-3 (offshore 
transfer system) and/or EN1474-2 (transfer hoses). LNG bunker transfer 
systems and hoses are to be arranged to provide sufficient flexibility over 
the range of expected relative vessel motions.  
 
Hoses can also be part of hybrid flexible/rigid/mechanical systems, such 
as the one presented to the left. ERC and connector to be also fitted at 
the end. 
 
 
 
Figure 2.44, 2.45 and 2.46 ï examples of flexible LNG bunkering hose 
applications. Top to bottom: 1) Bunkering of the MV Viking Grace with 
bunker hose handled from the bunker vessel side; 2) LNG bunkering 
hose suspended from crane line, noting the attention to the hose 
suspension point where pressure is distributed along the saddle 
curvature; 3) example of a hybrid rigid-flexible LNG bunkering line 
arrangement. 
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Emergency Release System (ERS) 

The present Guidance refers to ERS, ERC and ESD in the terms presented in EN ISO 20519, where ERS is defined as a system 
comprised of two sub-systems/elements that allow the main functional requirement of quick/dry disconnect during 
bunkering operation, as a consequence of an emergency 

 

 

 

 

 

 

 

 

 

 
 

Emergency Shut-Down (ESD)   

An emergency shut-down (ESD) is a method or a system that safely and effectively stops the transfer of LNG (and vapour as 

applicable) between the LNG bunkering facility and the receiving ship in the event of an emergency during the bunkering 

operation. The control systems involved in the ESD, which is a linked system to allow both parties (on board receiving ship 

and the bunkering facility) to shut down the transfer in an emergency situation, can be activated automatically or manually. 

The ESD may consist of two parts: 

¶ ESD-stage 1, is a system that shuts the LNG transfer process down in a controlled manner when it receives inputs from 

one or more of the following; transfer personnel, high levels LNG tank alarms, cables or other means designed to 

detect excessive movement between transfer vessels or vessel and an LNG port facility, or other alarms. 

¶ ESD-stage 2, is a system that activates decoupling of the transfer system between the transfer vessels or between a 

vessel and an LNG port facility. The decoupling mechanism contains quick acting valves designed to contain the 

contents of the LNG transfer line (dry break) during decoupling. 

 

The figure below presents a possible integrated diagram for an ESD, for the specific case of TTS LNG bunkering. 

 

 

 

 

 

 

 

 

 

 

 

 

 

igure 2.41 ï ESD System  [21] 

 

 

 

Emergency Release System (ERS) 
(EN ISO 20519, Section 4.3) 
General Functional requirements for ERS include ERC and ESD systems. 
The approach in the standard is to consider both ERC and ESD as sub-
components of the system. 
 

Emergency Release Coupling (ERC) 

(EN ISO 20519, Paragraph 4.3.2) 
Coupling designed to allow hose separation when 
desired, as a consequence of a faulty, alarm or 
hazardous condition n LNG bunkering. 

 

Emergency Shut-Down (ESD) 
(EN ISO 20519, Section 4.3.9) 
ESD systems to comply with minimum requirements 
in EN ISO 20519, Paragraph 4.3.9 (referring to 
SIGTTO document titled "ESD Arrangements & 
Linked Ship/Shore Systems for Liquefied Gas 
Carriers, SIGTTO First Edition 2009" 
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Typical reasons for activation of the ESD include the following: 

ω Gas detection 
ω Fire detection 
ω Manual activation from either the supplier or receiver 
ω Excessive ship movement 
ω Power failure 
ω High level in receiving tank 
ω Abnormal pressure in transfer system 
ω High tank pressure 
ω Excessive stress in LNG bunker arm 

Other causes as determined by system designers and regulatory 
organizations 

Figure 2.47 ï ESD local command 
switchboard and alarm indicator  [26] 

 

ESD systems to comply with minimum requirements in EN ISO 20519, Paragraph 4.3.9 (referring to SIGTTO document 

titled "ESD Arrangements & Linked Ship/Shore Systems for Liquefied Gas Carriers, SIGTTO First Edition 2009". 

 

Emergency Release Coupling (ERC) 

 

 

A breakaway coupling or emergency release coupling (ERC) is a coupling 
located in the LNG transfer system (at one end of the transfer system, 
either the receiving ship end or the bunker facility end, or in the middle 
of the transfer system), which separates at a predetermined section 
when required, each separated section containing a self-closing shut-off 
valve, which seals automatically. 
 
Figure 2.48 and 2.49 ï ERC model drawing representation, with halves 
tight together, during normal operation and, below, after emergency 
release for dry breakaway.  

 

 

 
 
 
 
 
 
Figure 2.50 ï complete bunkering arrangement at connection in 
Bunkering Station.  

 

 

 

 

 

 

 
ESD systems to comply with minimum requirements in EN ISO 20519, 
Paragraph 4.3.9 (referring to SIGTTO document titled "ESD 
Arrangements & Linked Ship/Shore Systems for Liquefied Gas Carriers, 
SIGTTO First Edition 2009". 

 

 

 

 

1. LNG bunkering line  
2. Main Quick-Connect/ Dry Disconnect coupling (QC/DC) 
3. Vapour return line 
4. Return QC/DC 
5. ERC main line  
6. ERC Vapour Return 
7. Pad-eye for LNG bunkering hose crane handling 

 
 

1 

3 

2 

4 
5 

6 

7 
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Dry Quick-Connect/ Disconnect Coupling 

 

 

Dry Quick Connect/Disconnect couplings (Dry QC/DC) are a specific type 
of couplings that allow easy connection/disconnection without the use of 
manual intensive operation (such as tightening bolts), whilst including 
self-containing stop valves at the female and male ends to avoid spillage 
of hose and receiving line LNG content that may possibly be contained in 
the lines (if not inerted). 
 
Figure 2.51 ï LNG Dry QC/DC coupling.  
 
 
The coupling consists of a Nozzle (male) and a receptacle (female). The 
nozzle allows quick connection and disconnection of the fuel supply hose 
to the receptacle, mounted on the LNG manifold. Connectors used shall 
be designed to operate as quick connect/disconnect couplings. Couplings, 
ƛƴ ƴƻƳƛƴŀƭ ǎƛȊŜǎ ǳǇ ǘƻ сέΣ ŦƻǊ Ŧƭƻǿǎ ǳǇ ǘƻ срл ƳоκƘΣ ŀƴŘ ƳŀȄƛƳǳƳ Ŧƭƻǿ 
rates of 10 m/s. 

 
The advantages of standard quick connectors are as follows [27]:  

1. avoid mix-up and use of any connector designed for other fluids 
or gasses through the safety of a unique standard geometry;  

2. allow for a quick and easy mechanical solution with efficient 
and safe connection specially designed for cryogenic LNG;  

3. avoid company standards that will normally be protected by 
property rights and may be limited to contracts and brand 
distributors, which normally results in less competition and 
hamper public procurement;  

4. prevent the safety risk of fitting additional adaptors and gaskets 
to convert between different company standards and the risk of 
using parts not adequate for cryogenic fluids;  

5. avoid the temptation to make or modify adaptors, to fix 
something on short notice, with possible limited access to the 
right material and manufacturing equipment;  

6. eliminate the need for manual bolting and manual re-tightening 
after down-cooling to cryogenic temperatures;  

7. avoid leaks (methane slip) and problems due to uneven 
tightening and any accident if wrong studs accidentally have 
been used; 

8. avoid torsion problems as the connectors have swivel features 
and thus torsion problems that may arise on flanges do not 
exist; and  

9. ensure conformant operation and safety training for all 
personnel involved in bunkering on a world-wide basis 

 
ESD systems to comply with minimum functional requirements in EN 
ISO 20519, Paragraph 4.3. 
NOTE: Until the adoption of an International Standard for Dry QC/DC 
couplings the Best Practice to follow is: 

ω Ensure compliance of the couplings with the Functional 
Requirements in EN ISO 20519. 

ω consult with Classification Society on the best options to 
optimize LNG bunkering compatibility with receiving vessel. 

ω Liaise with Industry Association (such as SGMF) or other in 
order to get the best  
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Isolation Flange 

 

Vessels transferring or receiving low flashpoint flammable liquids, such as 
LNG, need to take additional precautions against ignition resulting from 
electrical arcing. 
Two causes of arcing are  
ω Static electricity build-up in the LNG bunker hose 
ω 5ƛŦŦŜǊŜƴŎŜǎ ƛƴ ǇƻǘŜƴǘƛŀƭ ōŜǘǿŜŜƴ ǘƘŜ ǎƘƛǇ ŀƴŘ ōǳƴƪŜǊ ǎǳǇǇƭƛŜǊΩǎ 

facility, including the quay or pier, trucks, bunker vessels, etc.  
 
The use of electric bonding cables, for LNG bunkering, is not advised [3], 
[5], [26]. 
 
Figure 2.52 ï Expanded elements ï Electric Isolation Flange 
 
An effective way of preventing arcing is to isolate the ship and the bunker 
supplier using an isolating (insulating) flange fitted at one end of the 
bunker hose only, in addition to an electrically continuous bunker hose. 
The isolating flange, an example of which is shown in Figure 4, prevents 
arcs from passing between the ship and facility even if there is a 
difference in potential. Furthermore, because the hose is electrically 
continuous and one end is grounded to either the ship or the bunker 
supplier, static electricity will effectively be dissipated.  
 
An alternative method is to use one short section of insulating hose 
without any isolating flanges, but with the rest of the bunker hose string 
electrically continuous. To ensure that the ship is completely isolated 
from the supplier, it may be necessary to isolate mooring lines, gangways, 
cranes, and any other physical connections. This is typically done by using 
rope tails on mooring lines, insulating rubber feet on the end of 
gangways, and prohibiting the use of certain equipment that would 
otherwise pose an unacceptable risk of arcing. 

 

Drip Trays 

 

 

To avoid LNG spillages in contact with decks or other exposed parts of the 
ship structure, from becoming structural failure hazardous events (with 
cryogenic cracking associated to carbon-steel embrittlement) two 
possible solutions may be possible: 

1. Design for local cryogenic resistant structure 
2. Use of stainless steel drip trays 

 
Drip trays are in fact, today, the most commonly used solution to contain 
[bD ƭŜŀƪŀƎŜ ŀƴŘ ǇǊŜǾŜƴǘ ŘŀƳŀƎŜ ǘƻ ǘƘŜ ǎƘƛǇΩǎ ǎǘǊǳŎǘǳǊŜΣ ōŜƛƴƎ ŦŜŀǘǳǊŜŘ 
in the IGF code as an actual requirement for the bunkering station. This 
includes the location below any flanged connection, typically fitted with 
spray shields, in the LNG piping system or where leakage may occur.  
 
Drip trays should be sized to contain the maximum amount of leakage 
expected and made from suitable material, such as stainless steel. 
Cryogenic pipes and equipment are typically thermally insulated from the 
ǎƘƛǇΩǎ ǎǘǊǳŎǘǳǊŜ ǘƻ ǇǊŜǾŜƴǘ ǘƘŜ ŜȄǘǊŜƳŜ ŎƻƭŘ ŦǊƻƳ ōŜƛƴƎ ǘǊŀƴǎŦŜǊǊŜŘ Ǿƛŀ 
conduction. These requirements are especially important at the bunker 
station because this is where LNG leaks or spills are most likely to occur. 
 
 
 
Figure 2.53 and 2.54 ï Drip-trays ï protection against cryogenic related 
hazards that may represent risk of local girder structural failure. 
 
 
 
 

2 

1 
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 General Good Practice by Port Authorities & Administrations 2.7

2.7.1 LNG as Fuel for Ports 

 From a general perspective it is important that PAAs incorporate the perspective that R2.1.

LNG as fuel is today a developing option for ship operators willing to improve shipôs 

environmental performance, whilst maintaining a viable and profitable operation.  

 PAAs should provide leadership and create and maintain administrative frameworks to R2.2.

facilitate the development of a safe and environmentally sound LNG bunkering projects 

and infrastructure, including mobile and fixed small-scale LNG bunkering and energy 

applications. 

 Port Regulations should incorporate LNG bunkering, defining the relevant standards and R2.3.

minimum requirements to be met by Operators. All aspects related to the lifecycle of LNG 

bunkering activity should be clearly identified and defined, from initial proposal, 

permitting process, operation and emergency. 

 It is important that PAAs define clearly the scope of responsibility for Operators when R2.4.

initiating and developing an LNG Bunkering Solution. In particular there should be clear 

requirements with regards to Quality Management system that includes LNG bunkering 

activities and objectives referring to relevant standards
21

. 

 With LNG bunkering being a relatively new port service, being added gradually to Port R2.5.

services portfolio, it is recommended that relevant instruments are developed to allow 

learning, experience and best practices to be shared amongst operators, with other ports 

and with other local stakeholders, directly or indirectly involved or affected by LNG 

bunkering. 

 PAAs are advised to adopt an approach adequate to the different LNG bunkering R2.6.

lifecycle stage. Table 2.25, below, includes the best practice advisable approach for 

PAAs when assessing, evaluating  

2.7.2 LNG Supply Chain 

 The range of LNG bunkering options is today increasing as new technical solutions are R2.7.

brought to this specific market segment. More than rigid standardization in LNG 

bunkering it is important for PAAs to fully understand the supply chain proposed for a 

given LNG bunkering project, asking the initial questions: 

a. What is the LNG transport chain before arrival to Port under PAA jurisdiction/ 

administration? 

b. How does the LNG arrive to Port (Truck/Vessel/Barge/Pipeline)? 

c. Is intermediate storage considered in the port? If so, is it a fixed permanent or 

temporary solution? 

d. Are the storage and bunkering location in the same place? If not, how far apart? 

How is LNG transported/routed to the bunkering location 

e. Are there (re)-liquefaction facilities considered? If so, what is the production 

considered and associated storage? 

f. Will it be a single or multi-operator LNG bunkering chain? 

g. Is LNG truck loading also considered from on-site facilities? 

h. Which safety and environmental preliminary measures are being considered? 

i. How will Boil-Off Gas (BOG) be managed throughout the LNG chain in the Port? 

How will BOG be managed, in particular, during LNG bunkering/transfer to the 

receiving ship? 

                                                      
21

 For the present Guidance the relevant standard for LNG bunkering Operation is EN ISO 20519 Specification for bunkering of liquefied natural gas 

fuelled vessels, with references, where relevant, to ISO/TS 18683 Guidelines for systems and installations for supply of LNG as fuel to ships. 
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(Annex 1 includes a Template for the Initial Assessment of Concept LNG Bunkering Projects)  

 

 The LNG supply chain should be made as simple as technically possible with the R2.8.

minimum number of interfaces and custody transfers as possible. This important goal 

should be instrumental in ensuring the necessary minimization of risks typically 

associated with LNG handling, transfer, purging, inerting and other typical LNG 

bunkering operations. 

 LNG bunkering supply chain should be streamlined, designed and operated so as to R2.9.

prevent any uncontrolled release into the environment. The main factors to be 

considered for the design of LNG supply chains are: 

a. Distance between intended LNG bunkering location and the LNG source (Import 

Terminal or production facility). 

b. LNG bunkering demand (low-high interval) ï Volumes and Bunker flowrates 

estimated for the operation. 

c. Environmental, Land use planning and societal aspects in the port and 

surrounding the port area. 

d. Waterways suitability. 

e. Other services, involving handling of hazardous substances. 

f. Other LNG services ï potential for synergies in the Port Area. 

 The success of the LNG bunkering operation will, amongst other aspects, depend on the R2.10.

ability of the LNG supply chain to cope with LNG demand variations, whilst maintaining 

safety levels. It is therefore advisable to have into consideration the differences for a 

given LNG bunkering project and facility on both low and high demand scenarios. 

 

2.7.3 LNG Bunkering operation ï General aspects 

 The Bunkering Facility Operator should implement a management system to develop, R2.11.

maintain and, where proven necessary, improve, the LNG Bunkering facilities and 

service. The safety and reliability of LNG Bunkering Facilities should be ensured through 

adequate design, construction, maintenance, inspection and monitoring and through 

sound management. 

 The LNG bunkering operator (BFO) has primary responsibility throughout the whole R2.12.

lifecycle of its systems for ensuring safety and for taking measures to prevent accidents 

and limit their consequences for human health and the environment. Furthermore, in 

case of accidents, all possible measures should be taken to limit such consequences.  

 Potential releases, resulting from hazardous accidental events, from any point of the R2.13.

LNG supply chain, in the vicinity and inside the port area, should be considered in the 

recognized adequately in a recognized and reliable way, especially in environmentally 

sensitive or highly populated areas. 

 Deterministic and/or probabilistic approaches can be used in evaluating LNG bunkering R2.14.

facilities and operation, and assessing impacts on human health and the environment. 

 Appropriate measures should be taken in case of accidents. Emergency plans should be R2.15.

established by pipeline operators (internal emergency plans) and by authorities (external 

emergency plans) and should be tested and regularly updated. These plans should 

include descriptions of the measures necessary to control accidents and limit their 

consequences for human health and the environment. 

 Land-use planning considerations should be taken into account both in the development R2.16.

of LNG bunkering facilities (e.g. to limit proximity to populated areas and other port 

activities already established) and in decisions concerning proposals for new 
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developments/construction in the vicinity of existing LNG bunkering facilities. These 

considerations are applicable to every element of the LNG supply chain, distribution, 

intermediate storage and bunkering/transfer. 

 LNG Bunkering Operators and PAAs responsible for LNG bunkering facilities and R2.17.

location should review and, if necessary, develop and implement systems to reduce 

third-party interference, which is a main cause of accidents. This is, in particular, 

relevant for waterways access to LNG bunkering location, especially in higher nautical 

traffic areas,  

 Information on the safety of LNG bunkering, the geographic position of LNG bunkering R2.18.

facilities, safety measures and the required behaviour in the event of an accident should 

be supplied to persons likely to be involved, directly or indirectly, in case of an LNG 

bunkering accident. General information should be made available to the public. 

2.7.4 LNG Bunkering equipment 

 LNG bunkering equipment, functional and technical requirements are outside the scope R2.19.

of the present Guidance
22

. PAAs should nevertheless be aware of the relevant applicable 

certification frame for each system and piece of equipment used in LNG bunkering. All 

equipment is required to be certified, following the provisions and technical 

requirements prescribed in the relevant applicable design codes and standards.  

 PAAs should confirm regularly, following a specific inspection plan, if certificates are in R2.20.

place for the exact elements used in LNG bunkering. Section 15 in the present Guidance 

includes a list of indicative references that should be taken into account when 

confirming equipment certification. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                      
22

 Section 2.6, on LNG Bunkering equipment is only of informative nature, providing typical characteristics for different elements of the LNG 
bunkering operational scenario, including typical performance of some of these elements, not only in terms of LNG bunkering typical storage 
volumes but also with some aspects of the technologies involved. The relevant Codes, Standards and other regulations should be consulted for 
reference. 
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3. Environment 
The impact of using LNG as fuel for transport can be regarded from 2 different perspectives: 1) the net 

benefits of LNG as a replacement of oil fuels, in terms of local air pollution (SOx, NOx and Particulate 

Matter) and 2) the higher GHG emission potential of Methane (higher constituent of LNG). On one hand 

these promising environmental benefits have already granted to LNG a front-run position as an 

alternative fuel
23

, but, on the other hand, the concerns with regards to the actual GHG life-cycle benefits 

of Natural Gas, as LNG as fuel, are still today in discussion, deserving significant attention and 

underlining the need to develop adequate mitigating measures. The challenge is to potentiate the 

benefits of using LNG as fuel, whilst reducing the potential negative environmental effects from its use. 

 LNG as a Cleaner Alternative Fuel for Shipping 3.1

LNG does not contain sulphur, which results in (almost) no SOx emissions and almost no PM-emissions. 

In addition, because LNG has a higher hydrogen-to-carbon ratio in comparison to conventional fuels, 

the specific CO2 emissions are lower.  

It is possible to obtain different potential gains, both in terms of GHG and the emission of other relevant 

substances, depending on which source of information you use. It is therefore important to identify and 

understand the conditions and assumptions contributing to the mentioned environmental benefits. Table 

3.1, below, show the different potential emissions reductions which can be achieved by using LNG as 

an alternative fuel. 

Table 3.1 ï Environmental benefits from the use of LNG as Fuel by Ships. 

Emission  Potential Reduction with LNG as Fuel  

(compared to HFO) 

Observations  

SOx 95 to 100 % reduction  

- Compliance with sulphur regulations. 
- Some % of sulphur oxide emissions due to the use of 

pilot-oil fuels in dual-fuel operation. 
- Lean gas burn result in near-zero emission of sulphur-

oxides. 

NOx 
Between 40 and 80% 
. 

- Depending on Engine technology. 
- Lean Gas burn Otto Cycle (low-pressure injection) ς 

compliant with IMO Tier III (80-85% NOx emission 
reduction) 

- Dual-Fuel Diesel Cycle (high-pressure injection) ς not 
inherently Tier III compliant ς will typically require 
additional NOx abatement device. 

 

PM 
90-100% 
 

- Some % of PM emissions due to the use of pilot-oil 
fuels, in dual-fuel operation. 

- Lean gas burn result in near-zero emission of sulphur-
oxides. 
 

CO2 
25-30% 
 

- Benefit for EEDI and EEOI indexes. 
 

GHG 
(Well-to-
Wake) 

0-25% 

- CǊƻƳ ŀ άǿŜƭƭ-to-ǿŀƪŜέ ǇŜǊǎǇŜŎǘƛǾŜ ǘƘŜ DID ōŜƴŜŦƛǘǎ 
from LNG as fuel are only effective if methane 
emissions to the atmosphere are adequately controlled 
and minimized. 
 

 

As it can be seen from the table above, the benefits from using LNG as fuel are indeed very significant 

with an almost complete reduction of sulphur oxide emissions and PM, and with a very significant 

reduction of NOx emissions. With regards to the reduction on direct combustion CO2 emissions to the 

atmosphere, the figure (up to 30%) is also relevant but of lesser expression.  

 

                                                      
23

 Alternative fuels, as scoped and defined in Directive 2014/94 
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The following factors need to be taken into account when interpreting and discussing the potential 

benefits of LNG as fuel for shipping: 

- Engine technology (dual-fuel, lean burn spark-ignited and Diesel-gas), with a special attention to 

pilot fuel percentages potentially used and their effect on the overall  

- LNG quality and composition 

- Life cycle analysis of LNG fuel, taking into account Natural Gas source, production, liquefaction, 

transportation/distribution chain and overall propulsive efficiency of a given ship 

Even though LNG is, undisputedly, a cleaner alternative fuel to heavy, diesel and distillate oils, it is 

worth pointing out that it is still a fossil fuel. Exploration, processing and all the life cycle of natural gas 

throughout the possible fuel treatment, industrial and logistic processes and, finally, consumption, have 

to be taken into account in assessing LNGôs actual environmental impact. 

A disadvantage of LNG is the potential increase in methane emissions (CH4). Methane slip, and other 

releases, can represent a serious problem, since methane has high global warming potential; methane 

leakages seriously affect the GHG reduction potential. 

LNG as fuel can, therefore, represent a clear advantage with regards to local air quality improvement, 

with very significant expression in reduction of pollutant air emissions, but also the potential for methane 

emissions to the atmosphere, affecting thereon the GHG benefits from direct combustion CO2 reduction 

 Well-to-Wake GHG Emissions of LNG 3.2

LNG can be regarded from a life cycle perspective and, in this particular case, it is important to note, not 

only the effects of producing LNG and transporting it over large distances by ship, but also the potential 

impact that methane emissions can have on LNG as fuel GHG reduction potential. This later approach 

is commonly known as ñWell-to-Wakeò analysis, as an adaptation of the approach already followed. 

Important factors contributing to the WtW approach, contributing to LNG GHG footprint as ship fuel: 

- CO2 emissions resulting from energy spent extracting, transforming, liquefying, transporting and 

distributing LNG 

- CH4 emissions resulting either from methane release events throughout the LNG life cycle and 

logistic chain. 

CO2 emissions throughout the production and logistic chain are virtually impossible to avoid. They are in 

fact to be accounted for all fuels, not only LNG. Depending on the origin, type and age of liquefaction 

plants, distance travelled by LNG carrier vessels and, indeed, also on the smaller scale distribution 

footprint, the total actual GHG contribution will be different. LNG sourced from local natural gas 

production will therefore have a smaller carbon emission footprint than that sourced from a distant point 

in the globe. These considerations are however outside the scope of this Guidance. 

Methane (CH4) is another gas of particular interest from a life cycle, well-to-wake perspective. Being 20-

25 times more powerful than CO2 as a greenhouse gas during a 100 year time span, any release of 

methane to the atmosphere has the potential to reduce significantly the relevance of LNG as a shipping 

fuel. 

Methane release can occur during all stages of the LNG life cycle. The particular case of methane 
emissions resulting from internal engine combustion is called ñmethane slipò. Incomplete gas 
combustion, leading to the emission of small amounts of methane to the atmosphere, contributes 
negatively to the environmental impact of LNG. There has been significant pressure to optimize four-
stroke dual-fuel engine technology with design improvements to minimize methane-slip. In modern two-
stroke engines this problem has practically been eliminated.  

Whilst addressing the life cycle approach applied to LNG as fuel for shipping, the following aspects are 

identified as having the potential to further improve the accuracy of WtW results: 

- Upstream methane release estimates (production, liquefaction and distribution), having 

integrated up-to-date research in the industrial production/processing of LNG; 

- Engine Technology ï considering new and emerging dual-fuel engine technology on both two-

stroke and four-stroke diesel engines, focusing on efficiency and methane slip 

mitigation/reduction. 
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- Environmental impact of producing low-sulphur fuel oils (LSFOs) ï identifying the relative GHG 

impact of oil fuel desulphurization, using the results as further evidence of the advantages of 

LNG  

- Comparative new technologies other than LNG ï in particular scrubbers, identifying the 

additional energy consumption of such systems as an argument for using LNG rather than fuel 

oils. 

The carbon emission factor of LNG (actual CO2 emissions from burning LNG as fuel) is approximately 

25% less than marine diesel oil (see table below). This is the result of its lower carbon presence at 

molecular level.  

Table 3.2 ï Combustion Factors for Diesel, in comparison to LNG 

Fuel  Combustion Emission Factor  

gCO2/MJ LHV 

Percentage reduction  

% 

Diesel  75 0 

LNG 56.1 -25 

 

The Well-to-Wake approach takes the analysis onto a more comprehensive scale, looking at each of the 

fuelôs life cycle stages. The figure below presents a rough comparison between WtW values of LNG 

compared to those of MDO [28]. The main assumptions of the comparison are the carbon emission 

factors presented above, in t, an engine efficiency of 50% [28] as well as the methane slip reference 

value which takes into account more recent developments in 2-stroke, diesel cycle, low speed engines 

and 4-stroke higher speed dual fuel engines. The values that were used are rough and indicative that 

LNG causes approximately 20 per cent less CO2 emissions than MDO (if methane slip is not 

considered). A more modest benefit of 10% would result if methane slip were to be considered, as 

shown in the diagram below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3.1 ï Well-to-Wake break-down comparison MDO-LNG [28], [29]. 

 
In the particular context of the present Guidance the WtW considerations for CO2 emissions from LNG 
as Fuel are relevant as a measure indication on how important are LNG handling, distribution, transfer 
and bunkering operations in the port area. Having an appropriate production and distribution 
architecture in place is also very important when considering the environmental footprint of LNG as fuel. 
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Environmental benefits of LNG suffer the potential risk of being outbalanced by a poor GHG 
performance if due consideration for the need to avoid methane emissions is not carefully and 
rigorously implemented throughout the whole LNG fuel value chain. 

 Methane Release Mitigation 3.3

3.3.1 Scope 

For the purpose of the present Guidance the objective is to provide PAAs with a reference on best 

environmental practice in LNG bunkering, allowing and promoting the use of LNG as fuel as a beneficial 

measure to improve local air quality, whilst addressing the risk of potential negative GHG (methane) 

emissions. 

The Well-to-Wake (WtW) considerations made in section 3.2 were important to express the need to 

carefully address any potential release of LNG/NG (under any form) to the atmosphere, as an event 

directly representing an environmental hazard, with direct negative impact as GHG emission. 

The scope for the present Guidance is however not covering the full WtW width. Only the aspects 
related to LNG bunkering are covered (in all aspects from arrival to port until delivery to the receiving 
ship flange). The use of LNG onboard is not covered in the present guidance.  

Methane Release Mitigation, the title of the present Section, is therefore defined as a set of technical 
and operational measures to reduce down to negligible amounts, in normal operational conditions, the 
release of NG

24
 

Figure 3.2, below, indicates the scope of this Guidance for all considerations relative to methane 
release mitigation  

 

Figure 3.2 ïScope for best environmental practice consideration in the present 
Guidance (inside the red dashed box). 

 

In addition to the scope definition in figure 3.2, it is furthermore important to note  

- Present section of the Guidance is concerned with the environmental aspects of LNG/NG 

release. Safety concerns are addressed in Section 8. No Safety related hazardous 

scenarios are addressed in this section. 

- All environmental best practice considerations are valid, in the present section, for 

normal operational condition. 

- In Emergency situations the release of LNG vapours to the atmosphere may be 

inevitable, through the opening of Pressure Relief Valves (PRVs). 

- All emitted methane fractions should be quantifiable and reported (even if in emergency) 

as part of specific operator reporting obligations. 

The risk of methane release to the atmosphere is higher during LNG transfer operations (loading on/off 

an LNG truck, barge or bunkering transfer), and whenever adequate LNG vapour management 

operations are not in place. Improving the LNG distribution, handling and transfer/bunkering procedures, 

in addition to the safety benefits, will also result in a more sound environmental practice. 

                                                      
24

 Reduction of natural gas emissions down to negligible amounts can be interpreted as a reference to ñzero operational methane emissionsò. 

LNG Bunkering 
InterfaceShore/Port-Side Ship-Side
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For the purpose of developing best practice in the particular aspect of methane release mitigation the 

present Guidance decomposes figure 3.2 into 2 separate dimensions: 1) LNG Bunkering Interface, 

where mostly the interface operations are addressed, from flange to flange; hose connection to 

disconnection and 2) Shore/Port Side elements where, apart from bunkering transfer, also other 

aspects need to be considered regarding the small scale LNG development within the port area. These 

two dimensions are important for the development of a consolidated and practical best practice 

approach to the particular attention of PAAs.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3 ï LNG Bunkering ï Different dimensions for the development of Methane 
Release mitigation best practice Guidance (inside the red dashed box). 

 

Notwithstanding the fact that the LNG Fuelled Vessel (RSO) is not covered by the present Guidance it is 

important to underline that the receiving vessel will be expected to comply, as a minimum, with the IGF 

Code, in particular with paragraph 8.5.2, requiring the bunkering system to be so arranged that no gas 

is discharged to the atmosphere during filling of storage tanks. This is an important requirement for the 

receiving vessel that should, nevertheless, be extended to the whole bunkering scope, not only the 

filling of storage tanks. The same concern, and limitation, should be extended to the connection and 

disconnection procedures, including purging and inerting of bunker lines. The filling of the RSO storage 

tanks will require consideration for LNG vapours to be adequately managed, but other moments of the 

LNG bunkering transfer procedures should also be accounted for when establishing a full evaluation of 

the potential environmental risks from bunkering related methane emissions. 

LNG Bunkering 
InterfaceShore/Port-Side Ship-Side

LNG Trucks 
Methane release mitigation focused on truck 
loading procedures (whenever truck loading 
station is included within the Port Area (LNG 
Terminal, LNG bunker terminal) 
 
(Reference is mostly made to the LNG Access Code to 
the Port of Zeebrugge, ref [30]) 

LNG bunker Vessels and barges 
Boil off Gas/LNG Vapour return systems are 
here the main focus, especially taking into 
account the higher LNG volumes and 
bunkering rates. 
 
Roll-Over also addressed as a hazardous 
LNG cargo event that may also be of 
concern for LNG bunker barges and barges. 
 

LNG Fuelled Vessels (RSO) 
Best practice and requirements for RSO are outside 
of the scope of this Guidance.  
It is nevertheless expected that, in terms of LNG 
Bunkering operation, IGF requirements are 
complied with by the RSO 
 

LNG Bunkering Interface 
With a focus on the LNG Bunkering procedure, the 
best practice for Methane Release mitigation is here 
focused on the simplified LNG transfer procedures 
that are already common practice. 
 
 
(Reference is mostly made to the LNG Access Code to the 
Port of Zeebrugge, ref [30]) 

Small Scale LNG bunkering station 
General best practice approach for small scale storage 
safe environmental practice. 
Best practice to be fundamentally focused on the 
requirement for an environmental management system 
to be in place. 
 



EMSA Guidance on LNG Bunkering to Port Authorities/Administrations  
 

73 

G
E

N
E

R
A

L
 

G
O

V
E

R
N

A
N

C
E

 
R

IS
K

 &
 S

A
F

E
T

Y
 

B
U

N
K

E
R

IN
G

 
O

R
G

A
N

IZ
A

T
IO

N
 

E
M

E
R

G
E

N
C

Y
 

C
E

R
T

IF
IC

A
T

IO
N

 

3.3.2 LNG Bunkering Interface 

Methane release mitigation in the LNG bunkering interface is directly related to the implementation of 

sound operational procedures. In fact, whereas technical measures for LNG vapour management can 

be implemented on LNG bunker vessels or bunker stations, or even on the receiving vessel, the 

interface, hose handling, purging, draining and inerting, are operations which are very dependent on 

training and experience, clear procedures and streamlined bunkering operation.  

Regardless the LNG fuel source, from trucks, bunker vessels, barges or fixed bunkering stations, LNG 

bunkering presents similar challenges and procedure aspects. Inerting of bunkering lines, purging, cool-

down procedures and draining, are similar, both in functional and technical aspects for all bunkering 

modes. LNG bunkering from trucks has been however the LNG bunkering mode where the largest 

share of experience has been gained in the last years, corresponding to the uptake in the learning curve 

regarding LNG bunkering. Figures 3.4 and 3.5, below, illustrate two different operational situations 

where LNG trucks are used. 

  

Figure 3.4 ï LNG Bunkering interface 

(LNG bunkering interface from 2 LNG ISO containers via 
3ôô hose, with no vapour return) 

No vapour return is not meaning of an ñincompleteò bunkering 
set. Whether vapour return is needed or not will depend on-: 

1) The ability of the vessel to cope with BOG pressure 
2) BOG management system on vessels side 
3) LNG spraying on vessel side to cool-down BOG. 

Figure 3.5 ï LNG Bunkering interface ï manifold 
connection 

(LNG trucks in simultaneous multiple connection for LNG 
bunkering) 

Increasing volumes and rates of LNG Bunkering will also 
represent additional LNG vapour to manage. It is important to 
have a clear agreed procedure on how will LNG vapour be 
dealt with during bunkering. 

Whilst Sections 10 and 12 of the present Guidance address the LNG bunkering process and 

organization in more detail, the present section seeks to identify the moments in the LNG bunkering 

procedure where the risk of methane release is higher, suggesting measures to mitigate that risk. 

The diagram/table in figure 3.6 illustrates how the different stages of a simplified LNG bunkering 

procedure/operation relate to different potential risks of methane emission. From the connection of the 

hoses to their disconnection, in the end of the operation, it is important to understand in which moments 

of the operation the risk of methane release is likely to be higher and to consequently develop measures 

that are able to mitigate this risk. 

The following stages of a simplified LNG bunkering process are considered in figure 3.6: 

1. Bunkering Hoses connection 

2. Inerting (for oxygen depletion) 

3. Purge and Cool-down with LNG Vapour 

4. Start Bunkering transfer 

5. Top-up 

6. Stop Bunkering transfer 

7. Drain Bunkering lines 

8. Inerting (for natural gas purging) 

9. Bunkering Hoses disconnection 
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Figure 3.6 ïSimplified LNG Bunkering Procedure ï Potential for Methane release and 
Methane Release mitigating measures. 

(For a more complete perspective of the LNG bunkering responsibilities and procedure refer to Sections 10 and 12) 
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3.3.3 LNG Trucks 

Table 3.3, below, includes some of the LNG truck potential causes for operational related methane 

release. Both loading and off-loading are included. Technical and operational measures are presented 

for corresponding risk reduction. 

Table 3.3 ï LNG Truck ï Methane release mitigating measures 

 

All the measures presented in table 3.3, above, are of operational relevance and can also be referred to 

Section 12 of the present Guidance - Bunkering Operation. Notwithstanding the fact that the listed 

events and measures presented are also important for Safety purposes, it is here important to make 

note that an adequate environmental best practice approach should be the right frame for the methane 

release mitigating measures presented. 

It is assumed that maintenance (both planned and condition-based) is appropriate for the truck LNG 

bunkering equipment (including tank, piping, PRVs, LNG pump and monitoring equipment/sensors). 

LNG Bunkering/  LNG 
small Scale supply 

chain

LNG Trucks

(Loading)

Potential release scenario
Methane Release - Risk mitigating measures

During filling, onsite, at small scale LNG 
storage installation. Release of LNG vapour 
may occur if no adequate BOG management 
scheme/ system is implemented.

Á LNG spraying possibility to cool 
LNG vapour on top of the tank.

Á LNG trucks to be fitted with 
economizer 

Technical Operational

Á Monitor Pressure and 
Temperature

Á Top and Bottom filling

Holding time in the LNG truck trailer tank is 
limited. As the LNG ages inside, BOG 
generates and increases pressure . Release 
of LNG vapour may occur if MARVS is 
exceeded. PRV will open to relief pressure.

If the tank is not in Cold condition (BOG 
temperature <120ºC) filling with new LNG 
will generate excessive BOG.

Release of LNG vapour may occur if MARVS 
is exceeded. PRV will open to relief 
pressure.

Á Adequate insulation to increase 
holding time.

Á Limit the use of single-walled LNG 
trailer trucks 

Á LNG spraying possibility to cool 
LNG vapour on top of the tank.

Á Plan to avoid waiting times while 
loaded

Á Provide technical means to cool-
down with own LNG or Inert Gas/
Nitrogen 

Á Plan for LNG loading in cold 
condition (either LNG or Nitrogen)

Á Avoid waiting times in warmer 
tank temperatures.

Filling-rate should be adequate above 90% 
filling, for top-up of the LNG tank in the 
trailer truck

Inadequate filling rate for the top-up may 
result in LNG truck overfilling

Á LNG tank levels monitot

Á LNG pressure monitor

Á Adequate filling rate control 
mechanism at LNG truck filling 
station

Á Agree on adequate plan for top-
up filling to avoid over-pressure in 
vapour side and MARVS 
exceedance.

LNG Trucks

(Off-loading - 
Bunkering)

For bunkering transfer LNG trucks can use 
pressure-buil-up units to transfer LNG to RSO 
by increase in Vapour pressure on top of the 
tank.

If MARVS pressure is exceeded during 
pressure build-up PRV valve will open to 
relief pressure. 

Á LNG pressure monitor

Á LNG regulator before pressure 
build-up unit.

Á Adequate operating procedure 
for LNG transfer by pressure 
build-up

Malfunction and alarm conditions will lead to 
ESD actuation in RSO

If ESD not fully compatibe with LNG truck 
system there is the risk that following the 
RSO bunkering valve is shut pressure will 
build-up in the bunkering line (and in the 
truck LNG tank). 

Release of LNG vapour may occur if MARVS 
is exceeded. PRV will open to relief 
pressure.

Á Fully compatible ESD to be used 
between LNG tank truck and 

Á Adequate pressure monitoring to 
ensure no excess BOG is 
generated in the LNG truck tank 
after bunkering has been ESD-
stopped.

Á Include back-pressure regulator 
into the circuit (regulated above 
operating pressure and below 
MARVS)

Á Adequate procedures to be in 
place to avoid excessive BOG 
generation and methane release, 
following bunkering stop. 

During LNG bunkering, if receiving tank is 
warmer there will be excessive BOG 
generation. If Truck receives return LNG 
vapour this will result in pressure increase in 
the truck tank.

Release of LNG vapour may occur if MARVS 
is exceeded. PRV will open to relief 
pressure.

Á Proper tank equalization needs to 
be ensured prior to LNG fuel 
transfer.

Á Cool-down of receiving tank and 
bunkering lines needs to be 
ensured with the minimum LNG 
vapour possible.

Á Ensure adequate pre-bunkering 
procedures to be followed by BFO 
and RSO.

Á Condition prior to bunkering to be 
carefully checked.

If draining/purging/ inerting procedure is not 
adequately performed there is the possibility 
that some LNG/NG will remain in the 
bunkering line.

Release of LNG vapour may occur if 
bunkering hoses are disconnected with 
LNG/ NG still in some point of the line.

Á Gas measurement to be 
performed before hose is 
disconnected.

Á !ǾƻƛŘ ŦƻǊƳŀǘƛƻƴ ƻŦ ά¦έ ǎƘŀǇŜǎ 
where LNG can lay arrested.

Á Ensure draining is effective.

Á Check for the existence of 
exterior ice cap (as an indicator 
for the presence of LNG inside the 
line) ς heat up with water.
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For more operational related aspects related to LNG vapour management (BOG management) 

reference is made to Section 12.2. 

3.3.4 LNG Bunker vessels and barges 

The main difference between bunker barges and vessels, when compared to LNG bunker trucks, are 

the higher capacities and bunkering transfer rates possible. With higher volumes of LNG stored 

onboard, and higher transfer rates, also the amount of LNG vapour to be accounted for is higher (see 

Section 12.2 ï LNG Vapour Management. Figure 3.7 and 3.8, below, present two examples of LNG 

bunker vessels, of very different capacities, one with capacity for LNG vapour return (on the right) and 

the other (on the left) with no capacity to manage LNG vapour return. 

  

Figure 3.7 ï Small LNG bunker vessel ï AGA Seagas 

LNG bunkering vessel, with a capacity of 187m3 and no vapour 
return. In a case of pressure tank to pressure tank bunkering this 
particular situation will inevitably require a careful bunkering 
procedure, and the ability of the receiving vessel to manage the 
LNG vapour generated in the operation. 

Figure 3.8 ï LNG Bunkering vessel ï SKANGASS 
Coralius 

With a significantly higher capacity (of 5,800m3) of LNG, 
higher bunkering transfer rates, and longer periods of 
LNG storage onboard, vapour management options are 
fundamental design features for such vessels. 

 

Unless the LNG bunker vessel/barge tanks are designed to withstand the full gauge vapour pressure of 

the gas under conditions of the upper ambient design temperatures, means are to be provided to 

maintain the tank pressure below the MARVS by consuming or managing the natural LNG boil-off at all 

times, including while in port, manoeuvring or standing by.  

Systems and arrangements that may be used for this purpose include one or a combination of the 

following methods: 

1. Pressure accumulation, whereby the LNG is allowed to warm up and increase the tank 

pressure. The tank insulation, design pressure or both are to be adequate to provide for a 

suitable margin for the operating time and agreed cargo loading temperatures involved. 

2. LNG vapour re-liquefaction system, through an onboard installation that allows the vessels to 

re-liquefy its own generated LNG vapour. It is here also possible to re-liquefy the return vapour 

from the receiving vessel, for re-liquefaction. 

3. Burning of natural or forced BOG in an approved consumer such as a Gas Combustion 

Unit, dual fuel diesel engine or other approved combustion unit. 

4. LNG fuel cargo cooling, with system to keep the LNG in the storage tanks down in cryogenic 

temperature, avoiding the excess in BOG. 

It is assumed that maintenance (both planned and condition-based) is appropriate for the truck LNG 

bunkering equipment (including tank, piping, PRVs, LNG pump and monitoring equipment/sensors). 

For more operational related aspects related to LNG vapour management (BOG management) 

reference is made to Section 12.2. 

Table 3.4, in the next page, includes some of the LNG bunker vessels/barges potential causes for 

operational related methane release. Technical and operational measures are presented for 

corresponding risk reduction. 
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Table 3.4 ï LNG Bunker vessel/barge ï Methane release mitigating measures 

 

 

3.3.5 Small Scale Fixed LNG bunkering Stations 

Fixed LNG bunkering stations are infrastructures, as presented in section 2.6, (figures 2.36 to 2.38) 

which can have very different levels of complexity, with some specific features that are outlined below 

[32]: 

1. Very often, these installations are unmanned. In the few cases where they are manned, the 
personnel are reduced to the minimum and they are only on site for maintenance or unloading 
operations.  

2. Most of the small scale storage and re-liquefaction plants are built with prefabricated equipment 
(like in the industrial gases industry) and pre-assembled modules brought directly to site, 
providing a faster project schedule especially regarding the tank (which is usually the long lead 
item on a conventional terminal).  

LNG bunker vessels/ barges

(LNG vessel/barge filling 
operation in small-scale LNG 

storage facility)

LNG Bunkering/  LNG small 
Scale supply chain

Potential release scenario
Methane Release - Risk mitigating measures

Technical Operational

If the tank is not in Cold condition (BOG 
temperature <120ºC) filling with new LNG 
will generate excessive BOG.

Release of LNG vapour may occur if MARVS 
is exceeded. PRV will open to relief 
pressure.

Á Provide technical means to cool-
down with own LNG or Inert Gas/
Nitrogen

Á Cool-down with nitrogen plant or 
own LNG vapour. 

Á Plan for LNG loading in cold 
condition (either LNG or Nitrogen)

Á Avoid waiting times in warmer 
tank temperatures.

During LNG loading, at higher rates, if vapour 
pressure is not properly controlled there is 
the probability to exceed MARVS.

Release of LNG vapour may occur if MARVS 
is exceeded. PRV will open to relief 
pressure.

Á Adequate monitor for LNG tank 
vapour pressure.

Á Communications and ESD high-
pressure actuation for last 
resource.

Á Top-bottom filling of LNG fuel 
cargo tank to allow cool-down of 
top vapour side of the tank.

If the bunker barge/vessel LNG fuel cargo 
tank already contains older (aged) LNG there 
is the possibility for stratification. 

tǊƻōŀōƛƭƛǘȅ ŦƻǊ άǊƻƭƭƻǾŜǊέ ǿƛǘƘ ǇŜŀƪ 
excessive BOG generation.

If the bunker barge/vessel LNG fuel cargo 
tank is loaded with LNG/nitrogen mixture 
there will be the possibility for auto-
stratification to occur. 

tǊƻōŀōƛƭƛǘȅ ŦƻǊ άǊƻƭƭƻǾŜǊέ ǿƛǘƘ ǇŜŀƪ 
excessive BOG generation.

Á Follow preventive technical 
measures for detection and 
prevention in SIGTTO Guidance 
[31]:

Guidance for the Prevention of 
Rollover in LNG Ships

Á Definition of clear onboard 
procedures for corrective 
measures once stratification is 
detected.

Á Follow preventive operational 
measures for detection and 
prevention in SIGTTO Guidance 
[31]:

Á Guidance for the Prevention of 
Rollover in LNG Ships

LNG bunker vessels/ barges

(LNG bunkering transfer 
operation)

(bunkering with vapour 
return)

During LNG bunkering transfer to receiving 
ship, especially for large bunkering volumes, 
at higher transfer rates, it is possible that 
large amount of BOG is generated.

Possibility of methane release if LNG vapour 
return is such that vapour pressure in 
bunker vessel LNG tank exceeds MARVS.

If the receiving ship tank is not in Cold 
condition (BOG temperature <120ºC) filling 
with new LNG will represent high rate of 
vapour return.

Release of LNG vapour may occur if MARVS 
is exceeded. PRV will open to relief 
pressure.

If the LNG bunkering line is excessively long 
(for instance, when the delivery and 
receiving flanges are far apart) excessive LNG 
vapour pressure may build-up inside the 
bunkering line.

Vapour pressure generated in the bunkering 
line will return through LNG vapour return 
line. Excess of LNG vapour may take MARVS 
to be exceeded. PRV will open to relief 
pressure.

Á One, or a combination, of the 
following technical measures shall 
be considered to manage large 
columes of LNG vapour [31]:

Á Pressure accumulation, 

Á LNG vapour re-liquefaction 
system, 

Á Burning of natural or forced 
BOG in an approved consumer 
such as a Gas Combustion Unit, 
dual fuel diesel engine or other 
approved combustion unit.

Á LNG fuel cargo cooling

Á Ensure adequate pre-bunkering 
procedures to be followed by BFO 
and RSO.

Á Condition prior to bunkering to be 
carefully checked.

Á Minimize length of LNG bunkering 
lines

Á Use properly insulated hose 
whenever possible.

Á For rigid arms use vacuum 
insulated feeding and bunkering 
pipes where possible

Á Bunker vessel/ barge delivery 
manifold station to be as close as 
possible side-by-side to LNG 
receiving vessel bunkering station

Á Minimization of trapped volume

If draining/purging/ inerting procedure is not 
adequately performed there is the possibility 
that some LNG/NG will remain in the 
bunkering line.

Release of LNG vapour may occur if 
bunkering hoses are disconnected with 
LNG/ NG still in some point of the line.

Á Gas measurement to be 
performed before hose is 
disconnected.

Á !ǾƻƛŘ ŦƻǊƳŀǘƛƻƴ ƻŦ ά¦έ ǎƘŀǇŜǎ 
where LNG can lay arrested.

Á Ensure draining is effective.

Á Check for the existence of 
exterior ice cap (as an indicator 
for the presence of LNG inside the 
line) ς heat up with water.
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3. In some cases, pressure build up is used in tanks prior to bunkering transfer instead of a pump.  

4. LNG inventory is lower, allowing in most cases scaled safety measures and simpler safety 
devices, without compromising on the overall plant safety level.  

5. Maintenance is reduced as there are very few rotating parts and instrumentation.  

6. Very often the LNG transfer is through a flexible hose, using a dry break coupling as the 
emergency disconnection system. Boil off gas generated naturally or due to LNG processing is 
handled in the pressurized tank, until it is condensed with the next subcooled delivered LNG or 
by utilization of backup liquid nitrogen.  

7. Small re-liquefaction units are part of the preferred equipment for their simplicity and the 
absence of operating expenditures.  

For the purpose of methane release mitigation, more than aspects related to the operation, it is 

important to focus on BOG management as a key driver to mitigate the risk of methane emissions to the 

atmosphere.  

For a detailed overview of the possible BOG management/mitigation strategies available for LNG fixed 

bunkering station, refer to Section 12.2.  

Again, as indicated in the previous sections, for trucks and barges/vessels, it is assumed that 

maintenance (both planned and condition-based) is appropriate for the fixed bunkering station LNG 

bunkering equipment (including tank, piping, PRVs, LNG pump and monitoring equipment/sensors). 

 

 

Figure 3.9 ï Small scale LNG establishment 

Small scale LNG site, comprising of LNG pressure tanks and 
a visible set of vaporizers. Small LNG storage with the ability 
to regasify LNG to the grid for multi-customer service.  

From these particular sites it is also possible to have direct 
pipelines to take LNG directly to the bunkering location for 
transfer to the receiving ship. 

(Source: CRYONORM) 

Figure 3.10 ï LNG bunkering station 

With a different combination of pressure tanks than 
the one presented above, it is here also possible to 
appreciate how small scale LNG infrastructure can 
be modularized and limited in terms of area 
footprint. 
 

 

 

Figure 3.11 ï LNG bunkering station 

Artist impression of a modular small scale fixed LNG bunkering 
installation 
(Source: WARTSILA)  

 



EMSA Guidance on LNG Bunkering to Port Authorities/Administrations  
 

79 

G
E

N
E

R
A

L
 

G
O

V
E

R
N

A
N

C
E

 
R

IS
K

 &
 S

A
F

E
T

Y
 

B
U

N
K

E
R

IN
G

 
O

R
G

A
N

IZ
A

T
IO

N
 

E
M

E
R

G
E

N
C

Y
 

C
E

R
T

IF
IC

A
T

IO
N

 

LNG bunkering from small-scale LNG facilities or storage, such as the ones presented in figures 3.9 to 

3.11, is typically done by loading on trucks or small LNG bunker vessels/barges, for off-site LNG 

bunkering location and, by pipeline via fixed manifold connection, for close bunkering transfer point. 

Sometimes a small jetty will be required if loading onto dedicated small LNG vessels is part of the 

business case.  

LNG bunkering stations, as presented in summary in Section 2.6, are installations with a fair potential 

for modularization. Notwithstanding this the transfer systems require typically quite some space due to 

safety distances, which in some environments also requires significant civil work (jetty length, truck plot 

space). Other equipment items found in the transfer area are safety systems (i.e. gas and fire detectors, 

ESD panels and firefighting equipment), interface for the crew or truck driver (panels, control rooms), 

custody transfers (Coriolis or flow meters with gas chromatographs) and LNG spill containment. For 

truck units, small loading arms or hoses are quite common. Typically, 3ôô is the largest hose diameter 

found for truck loading. For LNG bunker vessels/barges typically hoses are only used if the diameter is 

below 8ôô. For 4inch and larger also often loading arms are available. 

The transfer flow can be typically created by pressure build up when using pressurized storage, 

submerged pumps or external sealless cryogenic pumps. For cooling down the transfer lines and 

custody equipment before the transfer, a recycle line is required for recycling the initial BOG creation 

during cool down. In most LNG systems, a purging option (typically N2) to purge out the remaining 

amount of LNG after the transfer is also present. Alternatively, the lines can be continuously kept cold 

by LNG recycle flows. Transfer of LNG generates typically some BOG which needs to be handled. 

When there are BOG compressors, they need to be adequately sized to cope with the fluctuating BOG 

by LNG transfer. 

As previously indicated for LNG bunkering mobile units (trucks, vessels/barges) the key focus for 

methane release mitigation from small scale fixed installation is still very much related to the handling of 

LNG vapour, not only as a result from ageing of LNG inside the storage tanks but also how purging, 

draining and inerting procedures are set up. 

 

Table 3.5 ï LNG Bunker Station ï Fixed LNG bunkering onsite storage ï Methane release mitigating measures 

 

 

 


















































































































































































































































































































































































































































































































































































































































































