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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* 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
Aiinformativebo and igui danc e ort Aathotities’/Administratioms i witly thet o provi
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 (NOXx) 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).
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Fig.117 SOx staged reduction (MARPOL Annex VI) Fig.2 1 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®,
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 ports2 by the end of 2025 (for inland waterways
ports the target objective is set for the end of 2030).

Reduction in emission LNG vs Heavy Fuel il (HFQ)

Greenhauso eifeet All guality Heisi
100%
-25%
-50%,
S0%
5% A00%
HFO COs NO, Particulate 50, dE
marter
Fig.11 MS Bergensfjord i LNG fuelled RO-PAX'i Fig.2'i Potential reduction of air emissions (relative to use of
LNG Fuelled vessels, from the outside, follow the HFO). The total elimination of Particulate Matter and Sulphur
exact same lines of traditionally fuelled vessels. dioxide is the most relevant benefit, at local level, of a switch to

LNG fuel is often, especially in passenger vessels, a LNG fuel.
feature not perceived from the outside. (courtesy of
FJORDLINE)

! 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 Atrticle 4 c), subject to the criteria listed in Annex Il 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)
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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.?

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 17 LNG for Shipping in a Nutshell, Technology, Advantages and Challenges

Technology Advantages Challenges
Liquefied Natural Gas stored as a Environment. Environmental gains GHG Impact. LNG is mostly
Natural Gas cryogenic liquid. The both in GHG emissions and other composed of Methane (CH4)
(LNG) temperature required to relevant substances such as NOx, comparative impact of CH4 on
condense natural gas SOx and Particulate Matter. climate change is more than 2

depends on its precise times greater than CO2 over a
composition, but it is 100year period. Careful
typically between120 and consideration needs to be
-170°C{184 andg274°F).  Energy Content. Energy density  given toany form of methane
comparable to petrol and diesel release throughout the Well
fuels, extending range and reducin to-Wake chain of LNG (i.e. ovt

refuelling frequency the life cycle of the fuel).

Availability. Increasing availability
of Natural gas Sources.

LNG carriers have used thi:
alternative fuel for more

than 40 years now, mainly
as a result of conveniently Momentum. Signifiant number of ~ Capital Investment. Relatively

making use of cargo first-mover initiatives with an high investment costs
vapours de to impossible | i i : .
108% insulation ’ mc(i:re?zmlg_l:}émbefr OfI s Bunkering. LNG bunkering

. adopting as fuel. infrastructure still in
effectiveness.

Cost Effective. LNG achieves a development.
Onboard storage of LNG is higher reduction in volume than
typically a challenge for compressed natural gas (CNG) so
ship design that the (volumetric) energy
density of LNG is 2.4 times greatel
than that of CNG or 60 percent the
of diesel fuel.

Safety. Safety concerns
associted to Low flashpoint
and cryogenic nature of LNG.
Engine concepts include
gasonly engines, dual fuel
4-stroke and 2stoke.

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,
factoro for the ado pstitisamportantto develBp thernoels and thehuaderstanding

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 al | cases, introduce an increas
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

I GF, particularly in Chapter 18 wher e t he APer son

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® 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; Rec.142; Recommendation on LNG Buniey
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" 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.

.

Mational Administration/ |
Flag Autheority/ National

Gas Supplier Repulatory Frame

LNG Bunker Supplier

Guidance for LNG
Bunkering operations =
150, 1ACS, SGMF

LNG fuelled Port Autharity/
[receiving) vessels Administration

—_— EMESA Guidonoe an LNG
=—gF Bunkering to Port

Authorities/Administrations

Fig.517 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®, 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.

® CER, Connecting Europe Facility is a policy aiming to realise a core trangtandnk comprising nine major corridors, to be completed by
2030. The infrastructure package stipulates a need to update the current energy infrastructure and also identifies ampealéogas
infrastructure. As part of the CEF, this package identifi@sity 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
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List of Abbreviations

ACDS Advisory Committee on Dangerous Substances
ADN European greement 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 U

Nations treaty that governs transnational transport of hazarslowaterials.

ALARP 0As Low As Reasonably Possible

AIR Acceptable Individual Risk

BFO Bunker Facility Organisation

BOG BoilOff Gas

CCNR Central Commission for Navigation in the Rhine
DWT Deadweight tonnage

EAM Emission Abatement Method

EC Europea 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 Emergacy 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 Heath & 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

LNG
LNGBMP
LOC
LOD
LSIR
MARPOL
MARVS
MGO

NG

P&ID
PAA

PLC
PIV
PPE
PSC
PSCO
PTS

QRA
QualRA
QCDC
RA

RO

RP
SECA
SGMF
SIGTTO
SIMOPS
SoC
SSL
STCW
STS
SWIFT
TTS
UEL
UFL
UNECE
WPCI

Lower Flammability Limit

Liquefied Natural Gas

LNG Bunkeéng Management Plan

Loss of Containment

Line of Defene

LocationSpecific Individual Risk
International Convention for the Prevention of Pollution from Ships
Maximum Allowable Relief Valve Setting
Marine Gasoil

Natural Gas

Piping & Instrumentation Diagram

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

Programmable Logic Controller
Person in Charge

Personal Protective Equipment
Port State Control

Port State Control Officer

Portto-Ship
(in some references: Terminal (Pipeliftie)Ship)

Quantitative Risk Assessment

Qualitative Risk Assessment (ISO/TS 18683)

Quick Connect/Disconnect Coupling

Risk Assessment

Recognised Organisation

Recommended Practice

Suphur Emission Control Areas

Society for Gas as a Marine Fuel

Society of International Gas Tanker and Terminal Operators
Simultaneous Operations

Statement of Compliance

Ship Shore Link

Lah /2RSS T2 N {GehificatibimnBA@tchkedging y A y 3 =
Shipto-Ship

Structured Whatf Checklist (SWIFT) technique
Truckto-Ship

Upper Explosive Limit

Upper Flammability Limit

United Nations Economic Commission for Europe

World Ports Climat Initiative
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Instructions Guidance

The EMSA Guidance on LNG Bunkering to Port Authorities/Administrations, hereafter referred to as
AEMSA Gui
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.

Part
A.
General

1

Scope and Applicability

danceo offers, simultaneous|

Table 37 EMSA Guidance on LNG Bunkering i Sections insight

Section Key Contents

y ’

9 List of Terms / Definitions with references.

a

Scope and Agicability 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

EMSA Guidance on LNG Bunkering to Port Authorities/Administrations

reference

LNG as Fuel 1 Informative section on theharacteristics of LNG as fuel for

shipping.

1 LNG Bunkering options and other possible operations with L

as fuel

Environment 1 Overall benefits of LNG as fuel, remarkably on the reduction
GHG/CO2 emissions, are highly dependent on the adequate
underdi F YRAY 3 2F YSiKIFIyYyS Syraa

1 Apart from the informative aspects the present section defin
best practice guidance to avoid mitigate the risk of natural g
emissions during LNG bunkering operations.

B.
Governance

Requlatory Fram 1 List of the main relevant instruments for LNG as fuel for
shipping, with a particular focus to those where references t

Bunkering can be found.

1 Description of the main references and applicability of differe

instruments on LNG Bunkering.

1 Best practie for the formulation of Port Regulations in the

context of LNG bunkering.

Ports 1 LNG Bunkering is here regarded in the context of Ports Goo
Governance. Different Port management principles are
considered and their particular aspects are, again, used t

frame the specific case of LNG Bunkering.

1 In essence, subection 5 addresses the main aspects of Port
Good Governance, making the parallel with the LNG Bunker,
development, from Planning to Operations.

Feasibility 1 A Feasibility Study incorporatadarge number of aspects that
are relevant for the development of LNG Fuel infrastructure.
The elements which are relevant to Ports should be, on top
those directly related to the bunkering interface, also
distribution links within Port Area, LNG siredale storage and

others.

1 Only technical and operational aspects are included. Econo
feasibility outside the scope of this document

Permitting 1 Subsection intended to provide best practice in permitting

processes for LNG Bunkering.

1 Included flowchart with reference permitting process.

C
Risk & Safety

P
o
2

1 Best practice guidance on how to assess/evaluate Risk
Assessment Reports. List of relevant elements/contents for

9 Part on LNG Risk / Safety including information on LNG safe
hazards, risk assessment options, HAZID, HAZOP and relat
concepts. Not extensive and mostly referring to existing
references orLNG and Natural Gas.

22

t

C



/ European Maritime Safety Agency EMSA Guidance on LNG Bunkering to Port Authorities/Administrations

Risk Study on LNG Bunkering.

1 Risk Criterig Existing Risk Criteria applicable to LNG
Bunkering.

9 Control Zones 1 Bestpractice in the approval and definition of Control Zones,
particular of Safety Zone and Hazardous Zone.
1 Examples of best practice application in the definition of
Control Zones.

D. 10 Process Map & 1 The core process of LNG Barikg operation is defined, with
Organization Organization consideration for different LNG Bunkering concepts.
1 Definition of Responsibilities.
11 SIMOPS 1 Proposal for a procedure to facilitate Simultaneous Operatio
during LNG bunkering.
E. 12 Bunkering 1 Bunkering procss, with outline of the relevant events in
Bunkering bunkering, supported in a demonstration of an LNG transfer

operation between two pressurized tanks (ty2

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

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

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

13 Incident Reporting 1 Definitionof bestpractice procedure for LNG Bunkering
incident and neamiss reporting.

1 Check list / template provided with the essential elements
suggested for LNG bunkering incident, or neass, reporting.

F. 14 Emergency 1 Best practice in Emergency, Preparedness and Response in
Emergency Preparedness & case of LNG related incidents, addressing all hazards listed
Response sub-section 8.
1 Emergency Plan for LNG Bunkering.
G 15 Certification & 1 Definition and differentiation ofhe different concepts.
Certification Accreditation 1 Certification of LNG Bunkering equipment. Identification of

relevant certification processes

16 Qualification 1 Qualification for the necessary competencies to operate in L
Training bunkering

1 Training for and on LNG Bunkeritrgaddition to the
competences and qualification requirements. Training progr
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 good6 practice
guidance provided to PAAs by this Guidance.

®The word o6bestd is generally not wused in the onshor e/ pdctices that meetthefedal st r i es .
requirements. The word o6besto6 implies exceeding the | egasbns(feqgarstr ements (it
6bestd cannot be adopted although Ogadopttdd practices can and are more |ikely
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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 31 EMSA Guidance on LNG Bunkering i Sections insight

Labels ‘

Part Section Title
A. General 1 Scope and Apmabili =
2 LNG as Fuel GENERAL g
3 Environment '§
B. 4 Requlatory Frame GOVERNANCE %
Governance 5 Ports
6 Feasibility
7 Permitting T
C. Risk & 8 Risk S
o =
Safety 9 Control Zones RISK o
D. 10 Process Map & Organizatior
Organization 11 SIMOPS ORGANIZATION
E. Bunkering 12 Bunkering BUNKERING
13 Incident Reporting o
(-]
F. Emergency 14 Emergency Preparedness & EMERGENCY |
Response S
G. 15 Certification
Certification 16 Qualification &Training CERTIFICATION

R3.20. The process to g
location, indepen
dependent on thi
proposal as descr|
submitted by the
figure 3.12, belo|

Iassification f

Best practice Guidance is
identified through
structure and format.

The structure is presented
with a numbered
indication. In the example
aK2gy dawodPHnN
the recommendation #20
in Section 3.

The format in bold is
intended to provide also a
more intuitive indication of

the relevant Guidance text.

R320  The process o anmmdmllnlqmnllﬁww

location, indeglendently of the LNG nunnmq

on|the collective

WummnmmemcmM|mLmuommx 10 be
submitied by the prospective BFO, and possibly endorsed by the TO. The diagram in
figure 312, bplow, Proposes a procedure for confimation of possble Seveso

prevention policy.

More than 8 quantitative determnation of the LNG quantities onaite, for bunkenng. it 1s
caretul actvities

the intended LNG bunkering location. It considers the involvement of
Jifferent interested parties and competent suthorties, with & view 1o determine
collectively the adequate measures in the context of Seveso M major accident

will be very much
the

important to conduct 8

Labels on the right side

indicate the title to which
the Parts and Sections arg
directly related to.

To support with a more
quickreference gude.

All aspects included in the
General Part are not
directly relevant to the
implementation of control
measures by Port
Authorities.

Fig.6 1 EMSA Guidance i Visual presentation of Best Practice recommendations
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1. Scope, Applicability & Definitions

EMSA Guidance on LNG Bunkering to Port Authorities/Administrations
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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.

1.1 Scope

The scope of this Guidance is limited to LNG bunkering’, covering the following elements®:

Regulations

1 High level instrument at EU and
international levelsrelevant for LNG

bunkering.
1 Standards
1 Guidelines
1 Industry best practice
1 Port Regulations
Permitting
1  Spatial planning
1  Approval of bunker locations.
9 Definition of simplified
1  Overall responsibility for the good

governance and framework for LNG bunker
operations in the port.

Emergency

1 Approval of safety and emergency respons

plans

Emergency Preparedness & Response Ple

Shore side contingency plans, emergency

response systems.

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

9 Best practicen response to LNG Hazards.

= —a

Certification

1  Accreditation of the Bunker Facility Operator

(BFO),

Qualification of the Person in Charge.

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

1 Certification of LNG bunker barges, rtlaC
bunker vessels

]

= =4 A -9

= =

= —a —a

= =9

Operations
Control Zones
Safety Distance approval
Simultaneous Operations (SIMOPS)
Mooring of the receiving ship and bunker
facility.
ChecMists
Operational Envepes (weather conditions,
sea state, wind speed and visibility)
General Procedures for Port Authorities.

Risk & Safety

LNG Bunkering Risk Assessment
Definition of Risk Acceptance Criteria
Evaluation of Risk Assessment reparts
Best practice for thevaluation of Risk
Assessment report.

Quality Management

Several elements considered relevant to
ensure the quality of the LNG bunkering
process, from a PAA perspective.
ChecMists updated to include relevant
indications for PAAs.

Incident Reporting.

Port Bye laws. Best practice in setting up
port specifc requirements.

Training

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

Competencies, Qualifications and Training fc
LNG Bunkering.

Qualification for the PIC

Training Certifiation

" 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,
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1.2  Applicability

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:

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

A Different ship types and

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

[ Natural Gas Supplier ]

___________________ ¥

Bunker Facility Organization
(BFO)

(Truck ] ( Barge/Boat ] [ verminal |

Fl

X A o iy
@ O W@ @
i A el

UMNECE =

89 IACS sGmf | vnece | unece TR o
ADR VESD

Guidelines for LNG E
[5ee Mote 1) —

Bunkering operations— *.
150, IACS, SGMF

[see Mote 3) \

Directive 2014,/94/EC on the
deployment of an alternative
fuels infrastructure

T, ¥ B At A e i i -
o iaPH A NN |
Check-Lists i ( i E Mational i
H 11 Administration |
; - ~ 11 /Government '
1 ! | : i
. U ' I level i
ééﬁ} Receiving Ship | c i i !
1 1 L T T e
(RS) ! i [See Note 2) 1 I C
IGF Code fremfiote 4} g ! | PortAdministration 1 | !
STCW Code i 1| i 1
1 [ e e ” :, 1
1 \U— - }
‘-\‘ A - A
' T Guidance on LNG Bunkering to

Port Authorities/Administrations

MNotes:

1. Regulatoryframe applicable to LNG bunker barges/boats/ships will depend on their area of operation. If below S00GT and
not engaged in international voyages, in principle, |GC doesnot apply [unless enforced by national legislation). ADN
sgreement applies, to all LNG barges/boats/ships of contracting parties, engaged in the inland waterway transport of LNG.

2. Port Administration is, in the context of the EMS5A Guidance, a holder of administrative responsibility; possibly with partial
delegated authority [thiscan typically be the case of a private Port or of a landlord Port [mestly responsible for leasing the
land). Different lecal, regional or national context should herebe taken into account

3. The Guidelinesfrom 130, |ACS and 3GMF offer guidance and establish requirementsthat cover Functional Requirementsfor
LNG bunkering equipment, responsibilitiez of RS and BFD, Risk Assessment principles, amongst other aspectzrelevant for
interaction (&) above.

4. ReceivingShip isassumed to be either an IGF Code vessel [if constructed, or converted to LNG fuel, after 1% January 2017 ).
Before that date the IMO Interim Guidelines apply [Res. IMO MSC.285(86) Interim guidelines on safety for natural gas-
fuelled engine instaliations in ships [2009)).

Fig.1.17 Applicability of the EMSA Guidance in the current context of LNG Bunkering
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1.3

Objectives

The objectives defined for the EMSA Guidance on LNG Bunkering are to assist Port
Authorities/Administrations with:

il

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 i mplementation of 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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1.4 Terms & Definitions

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 Accreditationis 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 programguch as ISO/IEC accreditation stand%)m\ﬂany nations have
established specific bodies responsible for tha@tty independent accreditation.
tK2asS GKIFIG KIFI@gSyQisz adzOK la GKS | {=x
typically nonfor profit organizations, typically specialized in a given industry @ggn
American National Standards Institute (ANSI)).

The accreditation hierarchy is overseen by the International Accreditation Forum
and the European Accreditation Forum (EA). Both forums approve and accredit t
National Accreditation Body in eacbuntry that has arrangements in place to
operate an NAB. The list of approved NABs can be foundvat.iaf.nu

Accreditation can also have a particularly relevant role in Training. Qualification c
LNG bunkering professiy £ & Yl & 658 NBIjdzA NSBR KNP
training programs or courses. Accreditation of Training is typically provided by
Accredited Training Organizations (ATOS)

In the context of LNG Bunkeringccreditationassures users of the comigeice and
impartiality of the body accredited, responsible for thertification of LNG bunkering
systems and equipment, processes and training.

Note: Certification and Accreditation are terms often used interchangeably but the
are not synonyms. See alds/ SNI A FTAOF A2y ®

Alternative Fuel W fGSNYIFGADS CdzSt a Qiearls fuelsldSphdesshukEsWbich €
serve, at least partly, as a substitute for fossil oil sources in the energy supply to
transport and which have the potential to contriteuto 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 definec

w IGC Code, regulations 4.21, 48®1 4.24; and
w IGF Code, regulations 6.4.15.1, 6.4.15.2 and 6.4.15.4.
Authorization Authorizationis the formal expression of the competent authorities in form of an

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

Boiling liquid Sudden release of the content of a vessel containing a prsslflammable liquid

expanding vapour followed by a fireball

explosion (BLEVE) A Boiling Liquid Expanding Vapour Explosion is an explosion caused by the ruptt
a tank containing a pressurised liquid above its boiling point (It does not have to |
flammabile liquid). A fireball woulasult (most probably) if the liquid was flammable

Breakaway Coupling A breakaway coupling or emergency release coupling (ERC) is a coupling locate:

(BRC) the LNG transfer system (at one end of the transfer system, either the receiving ¢
end or thebunker facility end, or in the middle of the transfer system), which
separates at a predetermined section when required, each separated section
containing a seltlosing shubff valve, which seals automatically

? 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)
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Term Definition
Bunkering General Definition Regulatio&E{)) 2017/352).

Provision of solid, liquid or gaseous fuel or of any other energy source used for tt
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
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 aweeltdefined period of time
where the beginning, transfer and end of operations follow a particular specified :
documented procedure.

NOTE(s)

C2NJ G6GKS adzJJd e 2F [bD RANBOGte G2 |
For the supply of eldricity from close by LNG mobile power units see the definitio
2F aBKRBB[ bD St SOGNAOAGEE

Bunkering by 1ISO Supply of LNG fuel by mobile LNG tanks/containers that are lifted onto the receiv
LNG container units  vessel and connected to the fuelstgm 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 terstoahip, truckto-ship
or ship-to-ship.
0488 RA&lIYOAIdzZ GA2Y SAGK a&. dzy1 SNAy 3

From IACS Rec.142 and revised SGMF Guidelines:
A bunkering facility is a LNG storage and transfer installation, which can be:

1 astationary shoréased installatioror

1 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 va
return.

Bunkering Facility This is the organisation in charge of the operatidnthe bunkering facility
Organisation (BFO)

Bunkering Location  Location where LNG bunkering operation

Bunkering Vessel Bunkering vessels (vessels used to transport LNG to a vessel using LNG as a ft
comply with this standard and be approved by its Flag StateeoClassed by ¢
Classification Society that is a member of IACS, indicating that it meets, at a min
the applicable requirements of the IGC Code, this standard, and applicable Flac
requirements.

Certification Certificationrefers to the confirméion of certain characteristics of given equipment
in its whole or any of its parts, of a procedure, operation or personnel, often requi
a confirmation of conformity against an existing standard or regulation.
In the context of LNG Bunkerin@ertification 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 termften used interchangeably but they
FNB y2i( asyz2yevao {SS [faz2z W OONBRA

Classed or A process in which the design and condition of a vessel is evaluated to determine

Classification compliance with International Maritime Organization Conventiand Codes and
suitability for its intended service. This process is conducted by Classification Sox
in compliance with class rules.
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Term Definition

Classification Society Is a norgovernmental organization that establishes and maintains technical
standards for theconstruction and operation of ships and offshore structures. The
also validate that construction is according to these standards and carry out regu
surveys in service to ensure compliance with the standards.

Concept Project

Consequence Outcome of arevent

Drip-free coupling A coupling that automatically closes at both separation points of the joints when i
disconnected.
A dripfree coupling avoids any spill of liquid or vapour or limits it to a minimum.
L'y20KSNI GSNY G(KI-GisOFVy SOB8é¢dzaSR A& aRN

Dry Break Away A dry breakaway coupling is a particular application of a dry disconnect mechanis
Coupling coupling which separates at a predetermined section at a set breaking load and i
which each separated section contains a-s#dking sut-off valve which seals
automatically
When activated, a dry breag&way coupling avoids any spill of liquid or vapour or
limits it to a minimum.
A dry breakaway coupling shall provide two functionalities:

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

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

Emergencyrelease { SS a. NBIF {lc¢alwd é/ 2 dzZLI Ay 3
coupling (ERC)

Emergency Release A system that provides a positive means of quick release of thefgasystem and
System (ERS) safe isolation of receiving vessel from the supply source.
system that allows a quick disconnection of the supply side from the receiving ve

in an emergency
Includes Emergency Breakaway Coupling (ERC)

Emergency Shut An emegency shudown (ESD) is a method or a system that safely and effecti

Down (ESD) stops the transfer of LNG (and vapour as applicable) between the LNG bunl
facility and the receiving ship in the event of an emergency during the bunke
operation. The contrbsystems involved in the ESD, which is a linked system to ¢
both parties (on board receiving ship and the bunkering facility) to shut down
transfer in an emergency situation, can be activated automatically or manually.

These are systems installed part of the LNG transfer system and are designet
stop the flow of LNG and/or prevent damage to the transfer system in an emergt
The ESD may consist of two parts:

1 ESBstage 1, is a system that shuts the LNG transfer process down
controlled maner when it receives inputs from one or more of the followir
transfer personnel, high levels LNG tank alarms, cables or other means de:
to detect excessive movement between transfer vessels or vessel and ar
port facility, or other alarms.

1 ESBstage 2, is a system that activates decoupling of the transfer sys
between the transfer vessels or between a vessel and an LNG port facility
decoupling mechanism contains quick acting valves designed to contait
contents of the LNG transfer lifdry break) during decoupling.

Feasibility Study AFeasibility Studys an analysis of how successfully a project can be completed,
accounting for factors that affect it such as economic, technological, legal and
scheduling factorsA feasibility study tsts 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 empha
potential problems that could occur if this project is pursued and determine if, afte
all significant factors are congrkd, the project should be pursued. Feasibility stud
also allow a business to address where and how it will operate, potential obstacle
competition and the funding needed to get the business up and running.

Hazard Potential source of harm. The hadaor 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 spepiacautions for the construction,
installation and use of apparatus

HAZID

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

HAZOP

Hazard and OperabilityAZOP)s a structured and systematic examination of a
complex planned or existing process or operation in order to identify and evaluatt
problems that may represent risks to personnel or equipment.

HAZOP is a wethown and well documented study. HAZGRised as part of a
Quantitative Risk Assessment (QRA) or as a standalone analysis. HAZOP isam
detailed review technique than HAZID.

Holding Time

Time of the pressure increase in the inner tank measured from a starting pressur
Obaratthecorrda LR YRAY 3 02AfAy3 LRAYG 2F Al
the maximum allowable working pressure (MAWP) of the inner tank

Impact assessment

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

Inerting

placing tanks, piping and machinery in a fitammable atmosphere by displacing
oxygen

International Safety
Management Code

An IMO code that provides an international standard for the safe management
operation of ships, and for polluton rdSy G A2y ® h LISNI {2 N&A
International Safety Management Code are required to enact a management sy
(ISM) that meets the code and have their compliance with the ISM audited, fir:
the Company (internal audit) and then each 2.3tgears by the Flag State Maritirr
Administration to verify the fulfilment and effectiveness of their Safety Managen
System.

International
Standard

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

Letter of Intent Letter that should be issued by the BFO, for possible endorsement by ¢
stakeholders and competent authorities, to be submitted to the PAA for in
appreciation of a prospective LNG bunkering concept design project, inte
location, amongst othemitial aspects of an initial

LNG Bunkering As defined in IACS Recommendation LK& Bunkering Guidelin&gction 1.5.

Management Plan

LNG Fuelling Supply of LNG, from shore, at berth, or vessel/barge, directly to the LNG consi
onboard the Receing Ship. The LNG is here supplied through a mobile unit whi
otherwise

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

(ISO 20519) contained between the bunkering manifold flange on the facilityvessel providing
LNG fuel and the bunkering manifold flange on the receiving LNG fuelled \
including but not limited to; Ship to ship transfer arms, LNG articulated rigid pi
and hoses, Emergency Release Coupling (ERC), insulating flangesuiakc
connector/disconnect couplings (QC/DC) In addition the ESD Ship/Shore L
Ship/Ship link used to connect the supplying and receiving ESD systems
components are arranged in the following manner:

Scope boundary

Automatic and manual ESD

ESD junction box

Insulation flange

Emergency release coupling

QC/DC; Quick Connect/

Ship/shore or ship/ship ESD link

— = Loading system (systems includ:
N N e K : vesséto vessel transfer arms,

e Vapour return system

M-
¥
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LNG Provider LNG Receiving Vessel

Lower Flammable Means the conentration of flammable gas or vapour in air below which there
Limit (LFL) 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 resultin safe and acceptable equipment performandécan result
from a quantitative analysis or from a comparable qualitative evaluation. OEs car
relate to weather and environmental conditions and usually take into account son
degree of safety with regardseHimit 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 (envirmmental permit, building permit, etc) depending on which instrumet
are used to assess a given project.
¢CKS WLISNXYAUG K2t RSND Aa adzoneSOod G2 |
of compliance with regulations and standards relevant forkemitting processes.

Qualification Qualificationis 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, especiallyconferring status as a
recognized practitioner of a profession or activity. When an individual passes an
certain examination following a course provided by an approved &fh@y can
demonstrate their knowledge of the subject matter contained within toairse
material of that qualification.

Receiving Vessel vessels used to transport LNG to a vessel using LNG as a fuel) shall comply w
standard and be approved by its Flag State or be Classed by a Classification
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Term Definition

that is a member of IAC$dicating that it meets, at a minimum, the applicab
requirements of the IGC Code, this standard, and applicable Flag State requirem

Restriction Restrictionrepresents a limitation, either on the utilization of specified equipment
system, or irthe 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 gi\

scenario and the severity of that harm

Risk level 583INBS 2F NAANE24BRNOK YKREKDS W¥SRA dzy
of risks in different scenarios have been identified "the risk" of the product is give
the highest risk.

Simultaneous Carrying out LNG bunkering operations concurrently it other transfers

Operations (SIMOPS) between ship and shore (or between ships if stugship bunkering method is used).
This includes cargo operations (including lightering operations if applicable), ball
operations, passenger embarkation/disembarkation, loadingrof/isions, etc.

Technical (ISO terminology) A Technical Specification addresses work still under technical

Specification development, or where it is believed that there will be a future, but not immediate
possibility of agreement on an InternationdaaSdard. A Technical Specification is
published for immediate use, but it also provides a means to obtain feedback. Th
aim is that it will eventually be transformed and republished as an International
Standard.

Technical Standard  For the purposes of thidocument, Technical Standards are standards that presc
requirements for one or more of the following; operations, equipme
design/fabrications, or testing methodology.

Temporary Limited duration storage of LNG in anyiqioof the distribution chain, between the

Intermediate (onsite) LNG Loading Terminal and the transfer/bunkering operation. The duration is not

Storage defined but it is suggested that the approximate holding time of an LNG trailer tar
can be used as reference which, for the purposéhs Guidance, will be a period of
24 hours

Zoning LNG Bunkering Operations, like other activities within the port area involving han

of hazardous substances or cargo, use the concept of safety/security zones in or
create a layered arrangemenf scalable and controlled zones with different
objectives.

The figure below, taken from the draft ISO/DIS 20519:201@)jHft Specification for
bunkering of gas fuelled shipsrovides one possible arrangement for convenient
generic indication of tb possible zones involved in LNG Bunkering.

Physical barrier Security zone

v B (}2'-"’%1_7
~-...! safety zone !

[ : :
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T Lo
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|
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Term

Definition

Safety ZoneArea that is present during bunkering and within which only essentia
personnel are allowed and potential ignition sources are controlled. This further
minimises the low likelihood of an LNG @de 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 ZoneZone required during LNG Bunkering, subject to the criteria of the
competert authority that is established on a wider perimeter in order to allow cont
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
relevantconsiderations, such as the access or waiting points for LNG trucks, or e
other physical elements from a fixed installation.

Hazardous ZoneZone set in accordance with IEC 60Q1AL (or similar) with a
purpose to minimise the likelihood of ignitidrom electrical equipment [4]. As such,
the hazardous zone primarily restricts the type of electrical equipment allowed wi
prescribed distances (e.g. 4.5 m) from the line/hose connections on

the ship and bunker supply.

[1]. ISO/TS 18683:2015. (Dan. 201% Guidelines for systems and installation
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
guidelines, Bunkering. Version 1.0, February 2015.

[3]. ISO/DIS 20519:2016. 8% and marine technologySpecification for
bunkering of gas fuelled ships. (Draft International Standard).

[4]. IEC 600740-1. (2015). Explosive atmosphereRart 101: 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.

2.1 LNG as Fuel i General Aspects

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 1 MS BIT Viking i 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 1 Artistic impression of the Shell LNG bunker
vessel™.

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.

' EU co-funded project i ReaLNG i TEN-T Motorways of the Sea - https://ec.europa.eufinea/sites/inealfiles/fiche 2014-eu-tm-0095-w_final.pdf
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Fig.2.3and 2.41 MV Viking Grace. With a dedicated LNG bunker vessel (AGA Seagas™), alongside in LNG bunkering

operation.

Tonotet he LNG fuel tanks on

t he

stern-Bafmkehenghsphpi pIhei i

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.2.51 Skangas Coralius™.

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 i sLNG yas sasrierdlGOitype 2G -165°C,
500 kg/m30 Larger volumes of LN
rates with Coralius representing a new paradigm in
flexibility for higher and diversified LNG bunkering
demands.

Fig.2.7 and 2.81 Truck-to-Ship LNG bunkering/feeding.

Fig.2.6 7 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™ 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.

Variations of typical LNG truck-to-ship bunkering have also been developed, remarkably on what is called in the present

gui dance of LNG

if eedi nginagesame agotistie imgresdioa and anothett ohee an éhe 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.

" EU co-funded project i Fjalir - https://ec.europa.eul/inea’sites/inea/files/download/project_fiches/sweden/fichenew 2011se92148p_final_1.pdf
2 EU co-funded project i Pilot LNG (part of the Zero Vision Tool) - http://www.zerovisiontool.com/piloting
3 NG trailer trucks are typically limited to around 25ton of LNG (around 50m3)
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Fig.2.9 1 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.2.107 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 i 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.
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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.qgie.eu/index.php/maps-data/gle-ssing-map).
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Fi g ®nFi Detail of the LNG Small Scale infrastructure map in Europe - [23]

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.
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2.2 LNG Characteristics

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 liguefied 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/ma.

Fi guR®3sand 2.14 i 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 7 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 (O 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 i 300kW/m3). 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 2.17 LNG Physicochemical properties

Properties \ Notes Value
Physical State Cryogenic liquid under special PVT conditions cryogenic liquid

This is the temperature at which the vapour pressure of the material eq
- o ambient pressure. Pure substances boil at specified pressure atinede
BOIIIng Temperature at 1 bar [ C] temperature. This temperature stays constant under continued addition '161

heat until all material is vaporised. Mixtures usually have a boiling range.

Density at 15°C [kg/m3] Density at {160°C, 1 bar)
448
LHV gives a measure of the energy density by mass of the fuel. This paral
impacts on storage space in conjunction with density but can also provid
: indication of the amount of heat released in a fire in conjunction with heat]
Lower Heating Value [MJ/kg] evapordion. ! @ e in conjunetion v
o
At (-162°Cand 1 baj LNG has an LHV of 50 M/kg which 15 to 20% higher than that of HF 50

MGO. Thus approximately the same LNG fuel by weight must be bunkerg
obtain the same energy on board. With respect to fire, the higher LHV of
implies that more heat will beeleased per mass of fuel as compared to M(
and HFO.

This parameter is interesting in order to gauge whether a vapour is likely to
and accumulate in low areas or rise and accumulate in high areas. Methand
vapour density isery 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. A|
LNG is at ambient conditions gaseous, but stored at less-#&07C the vapour

H ir— density discussion is more comgleShould a spillage occur the cold vapours
Vapour DenSIty air=1 may initially be heavier than air until they have warmed up sufficiently? 0.55

Liquid density of LNG at60°C and 1 bar is 448 kg‘"7nAt 1 bar abs andl62°C
pure methane is in subcooled condition. Gas density oéponethane at 0°C
and 1 bar (normal conditions) is 0.71 kg/m3 (superheated condition).

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

Flash pint is one of the valid indicators of the fire hazard posed by the fuel.
. ° The flashpoint of LNG &at75°C is much lower than any oil fuel, and even mu

FIaSh Point (TCC) [ C] lower than other low flashpoint fuels such as methanol (12°C) or even ethal -175

(17°C). The challenge iserefore not to avoid formation of vapour due to

heating of LNG but rather to manage, contain and, ultimately, use the
generated vapour.

¢CKS Fdziz A3IYyAdGA2Yy GSYLISNI GdzNBE Aa H
materialselfignites without any obvious sources of ignition, such as a spark

Auto |gniti0n Temperature [OC] flame. It is a function of the concentration of the vapour, the material in 540

contact and the size of the containment.

ili imi 0, Flammability limis give the range between the lowest and highest
Flammablllty Limits [by %o Vol of concentrations of vapour in air that will burn or explode [v]. 4 5c 16.5
Mixture] aSiKly2toa FelYYFoAtAGe tAYAGA F NJ : :

This is the lowest amount of energy required for ignition. This parameter

1 i it o is highly variable and dependent on temperature, amount of fuel and the
Min. ignition energy at 25°C [mJ] type of fuel. Methanol, ethanol, and LNG all have minimum ignition 0.29
energy below 1 mJ at 25°C, whereas for MGO it is 20 mJ.

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

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.

[}
LNG Production LNG Transport IMPORT \ ::‘:NG
(LIQUEFACTION (longdistance sea | | TERMINAL [Large Local LNG (;:1_5";”” §
A . ip, Truck,
I, | PLANTS - transport). capacity storage) distribution Chain \ | other)
4| EXPORT (LNG Carriers) (Small scale
w 1/ | TERMINALS) storage + LNG f ‘
2 Bunkering)
2 -/
3 | | e
(] : b r
0 i Y
g h ~ % | Small Scale I
b ‘ Natural G.as trans;forted by PIPELII?IE to ! } LIQUEFACTION |
g small Scale Liquefaction Plant (long distance) ! PLANT %
E i Natural Gas
i \
= ! REGASIFICATION | r Consumer
"""" *| pLanT /| (Home,
Industry)
‘ Natural Gas transported by PIPELINE (long distance)
l:l LNG (Liguefied Natural Gas) l:l NG (Natural Gas)

Figure 2.157 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™ 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.

 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 1 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) i 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.

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

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

1 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.

=4 =4 -8 -8 _8_9a_-9

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 dAsmal.l scaled LNG facilities.
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°.

'® Transhipment i 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 7 Scale of LNG developments and facilities (single criteria: storage capacity)

LNG Scale LNG Storage Operations
capacities
typically involved

Large > 100,000 m Liguefaction plant: Aargescale LNG operation typically includes production tra

with single capacities between 1 and 6 MTPA (million metric tonnes per annum)
they can include multiple trains. Large liquefaction sites are always located in ct
areas since the onlyractical method of largscale transportation is using LN
carriers, with capacities ranging from approximately 120,000 m3 (54,000 tonnes
older vessels to up to as much as 267,000 m3 (120,000 tonnes) for the largeesx (
vessels.
Receiving terminalConventional receiving terminals (LNG hubs) in the laogde LNG
chain are also located by the coast so that LNG carriers can arrive and unloe
cargo. Main hubs include LNG storage facilities, typically in the range of 120,000
larger, designedo receive at least the full capacity of the allocated LNG carrier.
LNG is regasified at the hub, and the main distribution channel for the consum
normally a national, higipressure, natural gas pipeline.

Medium 10,000 to A mediumsize LNG logistics chain includes terminal up to 100,000 m3 in size, \
100,000 ni are supplied by smaticale LNG carriers, starting from sizes of 1000 m3 to up to ar¢
40,000 m3. Here again, the vessel size and loading frequency play an important
determining storage capacity.
Mediumscale liquefaction is not so common today, due to the challenge with t
specific production costs. In any case, these will probably play a larger role i
future for decentralised solutions, to which extending the lasgale logistic chair
would not be feasible.

Small < 10,000 i} A smaliscale LNG logistics chain is comprised of LNG distribution to local use

practice, this means highway truck transportation or smallgemg vessel distributior
to the enddza §INAAl LNG tanks, which can be from the smallest container sizes
m3 to up to a set of pressurised steel tanks with total capacities of up to a
thousands of cubic metres.
Smaliscale liquefaction is becoming popular due to the liquefaction ofj&s and
other smaller pockets of stranded gas. Sksalile liquefaction can be modularise
and, to some extent, standardised. The systems are similar to tHeuefaction
process used in large terminals to handle the BOG-{ibgdas

2.4 LNG Bunkering

24.1 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 liqguefied 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

V'S 6portod, &riadaedd wd coOphigdeal ly regul ations
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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 7 LNG fuel supply options inside the Port area (table 1)

Delivery to Port On-site Bunkering Mode
LNG Source Storage (how LNG is delivered to the receiving (Code indicating the sequence:

(how LNG is brought to the (Is LNG stored vessel) Delivery/Intermediate
Port) within the port Storage/Bunker)
area?)

1. Truck
A.Yes m 1A1
1. Truck
i 2. Barge/vessel
L) PR 1A2
3. Pipeline
rnll 1A3
B. No 3. Truck
L) 1B1
1. Truck
A.Yes 2A1
2. Ship/Barge m
2. Barge/vessel
C— Jr p— 282
dezma, S
e 2A3
B. No 2. Barge/vessel
m— 282
3. Pipeline 1. Truck
sy, AL
ﬁ 2. Barge/vessel
of — 3A2
For Natural Gas pipelines— 3. Pipeline
reliquefaction required. ; i ; 3A3
For LNG pipelines (short 1. Pipeline
insulated lines)—reliquefaction
not required. *
B. No
Relevant in the cases where LNG 381
terminal is in close-by location and LNG
can be transferred via short-distance
piping lines.
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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 1 LNG fuel supply options inside the Port area (table 2)

Special Modes

4. Container
&) LNG fuel ISO container units directly
/ plugged into dedicated modular Fuel System s4

units.

5. LNG Shore fuel suppl

LNG Truck or Modular LNG 1SO Container
with shore-to-ship connection directly

_L]

/
B

[ —p feeding the LNG fuel system for harbour
> LNG fuelled generator.
=) . S5
6. LNG Shore electricity supply
LNG Truck, Modular LNG ISO Container or
ﬁ) LNG barge with feeding shore-side electrical
i generator for shore-side electricity supply. S6

?i k1>

L —» |

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 2.197 LNG fuel supply options inside the Port area (table 2)

LNG Supply Description Observations/ Conditioning Factors
Mode

(Code from Tables
2.17 and 2.18)

1A1 1. LNG is brought to the Port area by 1 Number of trucks to keep storage capacity car

truck. be significaty depending on the demand.

2. Storage in pressurized or atmospheric Relevant if Port Area is large and LNG betwee
tanks, inside the port. storage and Receiving Ship is not viable by

3. LNG is then loaded for TTS bunkering pipeline.
on a spot demand basis. Final 1 Reduced LNG bunkering capacity (each truck
movement of LNG inside the port by be able to deliver approximately 25ton of LNG
wheels. (in slightly less than an hout)see section 2.6

4. Bunlering by Trucko-Ship from the for more detailed information.
storage and loading site.  Any potential variatiorincrease in bunkering

5. Intermediate storage facilities used as demand would lead to an increase in the
buffer spot between supply of LNG ar number of truck movements in the port area,
bunkering demand. both loadingon and loadinepff.
Nr. of LNG transfers inside the por3
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Description

LNG Supply Observations/ Conditioning Factors

Mode

(Code from Tables
2.17 and 2.18)

1A2 1. LNG is brought to the Port area by tkuc 1 Loadingon by trucks and loadingff by vessel is

2. Storage in pressurized or atmospheric a very unlikely option accounting for the
tanks, inside the port. inflow/outflow balance. With very different

3. LNG is then loaded for STS bunkering. capacities between truck LNG trailers and
Final movement of LNG inside the port waterborne LNG transport (50m3 against 500
area by ship/barge. 5000m3, respectively)

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

Nr. of LNG transfers inside the po 3
1A3 1. LNG is brought to the Port area by truck. Loading of onsite storage facilities by truck is a

2. Storage in pressurized or atmospheric very limited option to bring LNG fuel into the
tanks, inside the port. port area.

3. LNG is then transferred to the bunkering For higher demands in LNG volumes it will
facility by pipeline onto a manifold, rigid represent a rather intense LNG tuck traffic intg
arm or bunkering hose. the port area with a consequently high rate of

loading ogerations.
Limited pipeline length by need to reduce
Nr. of LNG transfers inside the po2 pressure increase in the line due to heat influx
along the transfer pipeline (even if insulated)
1B1 1. Truckto-Ship (TTS) directly to ship. LNG This is perhaps the most common method for
brought to the Port in the same truck tha LNG bunkering today, despite the very limited
will bunker tte receiving vessel. capacity and LNG bunkering rates available fr

2. No fixed storage of LNG. TTS solutions (around 5®0m3and 406

60m3/h).

Despite the low capacity and bunker rates this

an option that allows flexibility and response tg
Nr. of LNG transfers inside the port spot-demand.

2A1 1. LNG comes to the port by ship/barg This represets an option that would allow high

typically an LNG feeder vessel of higr capacity and loading rates onto an intermediat
capacity serving the intermediat storage tank within the Port, breaking this into
logisticallink between larger LNG impor smaller volumes for loading LNG trucks (or ev
terminals and smaller LNG bunki multi-costumer hub), adding value to the port i
facilities. terms of multiservice porfolio.

2. LNG is loaded from the intermediate Different LNG Bunkering operator can be
storage tanks onto LNG trucks for involved if multioperator loading from the
bunkering at designated location(s) insid storage site is allowed.
the port. Different designated LNG bunkering locations

could be served allowing for flexible LNG

Nr. of LNG transfers inside the por3 bunkering response.

2A2 1. LNG comes to the port by gibarge, This represents an option that would allow hig
typically an LNG feeder vessel of higk capacity and loading rates onto an intermediat
capacity serving the intermediate storage tank within the Port.
logistical link between larger LNG impao Different LNG Bunkering opator can be
terminals and smaller LNG bunk involved if multioperator loading from the
facilities. storage site is allowed.

2. LNG is loaded from the intermediate Different designated LNG bunkering locations
storage tanks onto smaller LNG bunker could be served allowing for flexible LNG
barges fotbunkering at designated bunkering response.
location(s) inside the port.

Nr. of LNG transfers inside the port
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LNG Supply Description
Mode

(Code from Tables
2.17 and 2.18)

2A3 1. LNG comes to the port by ship/barg
typically an LNG feederessel of higher
capacity serving the intermediat
logistical link between larger LNG impc
terminals and smaller LNG bunki

Observations/ Conditioning Factors

This is an inflexible method because t
bunkering location must be close to the LN
A02NF3S GFryloao oOXupn
conflicts with other activities taking place on th
quay (i.e. loadinnloading of ships).

bunker vessel/barge directly to buek a
waterborne receiving vessel, either ¢
anchor or at berth.

2. No intermediate storage in the port area.

Nr. of LNG transfers inside the port

facilities. 1 It is mainly indicated for situations with hig
2. LNG is transferred from storage tank bunker frequencies and small bunker volum
location to bunkering facility by pipeline, (e.g. supplying service vessels or scheduled f
either underground or above ground services).
supports.
Nr. of LNG transfers inside the por2
2B2 1. LNG comes to the port area in the LN § This method is mainly used for large bunk

volumes (100 to 20,000 m3) and high bunk
frequencies, with he bunker vessel bein
supplied from a large import terminal o
mediumsized bunker terminal. Bunkering cé
take place at the quay where the ship is berth
or at a specific anchorage in port or out at se
The capacity of the bunker vessel and t
bunkerng rate applied must be tailored to th
fuel needs of the ships being supplied [21].

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 por2

I This is a flexible method with which hig
bunkering rates can be achieved. The downsi
are the high costs (initial investment and us
and possible interference with thugh traffic in
the port.

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

1 For some ships bunkering by the outside m
represent significant operational advantage
allowing the quay side for other possib
operations.

3A1 1. LNG can be derived from pipeline into the § This represents an option that would allow higk
Port area in 2 different ways: capacity and loading rates onto an intermediate
a. Natural Gas pipeline into re storage tank within the Port, breaking this into
liquefaction unit inside the port smaller volumes for loading LNG trucks (or eve
area. multi-costumer hub), adding value to the port ir
b. LNG pipeline from outside the terms of multiservice portfolio.
Port area, from closéy LNG 1 Different LNG Bunkering opeoa can be
Import Terminal outside the involved if multioperator loading from the
port. storage site is allowed.
2. LNG stored imtermediate onsite 1 Different designated LNG bunkering locatio

could be served allowing for flexible LN
bunkering response.
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LNG Supply Description Observations/ Conditioning Factors
Mode

(Code from Tables
2.17 and 2.18)

3A2 1. LNG can be derived from pipeline into tt § LNG bunkering via bunker vessel/barge is a
Port area in 2 diffeent ways: solution for high capacity and high transfer rate
a. Natural Gas pipeline into e 1 Having a rdiquefactian facility onsite would
liguefaction unit inside the port allow flexibility in the production of LNG that
area. would potentially be favourable to adjust the
b. LNG pipeline from outside the offer to the demand in peak demand periods.
Port area, from closey LNG | This represents an option that would allow higH
Import Terminal outside the capacity and loading rates onto an intermetdia
port. storage tank within the Port, breaking this into
2. LNG stored in intermediate onsite smaller volumes for loading LNG trucks (or eve
pressure/atmospheric tanks within the multi-costumer hub), adding value to the port ir
port area. terms of multiservice portfolio.

3. LNG loaded into LNG bunker vessel/barg
for later bunkering at designated
bunkering location.

Nr. of LNG transfers inside the por2

3A3 1. LNG can be derived from pipeline into th  This is an inflexible method because the
Port area in 2 different ays: bunkering location must be close to the LNG
a. Natural Gas pipeline into re d02NF3S Gl yl10a0 O6XuHpn
liquefaction unit inside the port conflicts withother activities taking place on the
area. quay (i.e. loading/unloading of ships).
b. LNG pipeline from outside the The layout of de LNG pipeline will have an
Port area, from closey LNG impact on spatial planning, dictating important
Import Terminal outside the local construction measures.
port. 1 Typical solution indicated for high bunkering
2. LNG stored in intermediate onsite rates and vlumes.
pressure/atmospheric tanks within the
port area.

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

Nr. of LNG transfers inside the port

3B1 1. Inthe case featured there is no 1 This is an inflexible method because not only t
intermediate onsite storage. LNG would bunkering location must be close to the LNG
come to the port area in liquid form, via d0G2NF3S Gl yl1040 6Xupn
special insulated pipeline. 1 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.

1 Should the LNG be sourced from another ship
barge berthed at a different quay, the challeng
would be similar, in particular with the layout fo

Nr. of LNG transfers inside the port the special pipelines.
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LNG Supply Description Observations/ Conditioning Factors
Mode

(Code from Tables
2.17 and 2.18)

S4 1. LNG fuel is here transferred to th § The present Guidance includes bunkering by
receiving waterborne vess$ via portable portable tanks within its scopt.
tanks. 1 It will be important for the port to differentiate
2. LNG portable tanks can be embarki the handling of these containerized units from
loadedin or rolledin, if transferred in other containerized cargo.
suspension by crane or embarke §  The differentiation mentioned above should
directly via truck, respectively. encompass:

i.  Bunkerng location

ii. Possible intermediate storage location
for LNG portable tanks (safe area in the
quay side)

ii. Possible limitations in the loading/rollin

Nr. of LNG transfers inside the pot® . . .
in operation accounting for other

(LNG transfer occurs inside the ship)

operations.

S5 1. LNG can be supplied to an LNG fuell § This operation is mentioned throughout the
waterborne vessel wilst at berth, DdzZA R yOS |a a[ bD Tdz5¢
directly from an LNG trailer tank, ISt consists of bunkering operation scoped withir
portable container or even barg® an the definition presented in 2.4.1.

LNG fuel burning unit onboard. 1  The challenges presented to this type of
2.  The LNG would, in this case, be fi operation are similar to the LNG fuel transfer
through an Evaporator onboard onto th operation, with the additional concern that the
3+ a FdzStt SR dzyAd LNG storage stands outside, close to the vess
exact consumptin rate of that unit. in a location that is, otherwise, not a fuel
3. The LNG truck, portable tank or barg storage location.
are used in this option as LNG tempore §  The interesting aspect of this option is that
storage unit for the receiving ship whils ships can improve their environmental
at berth. performance whilst at berth without having to
invest in onboard LNG storage or complex fue
systems.

1 The chdkenge is that, whilst LNG fuel storage
spaces onboard are regulated by the IGF Cod
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 suppli §  This operation is by far the one the most
to the receiving vessehot LNG. different from typical LNG bunkering operatior
2. LNG fuel is used by power generatic and, in fact LNG is never transferred to the
units, or smalscale power plants, that receiving vessel.
will provide electrical shorside energy  The most relevant aspect to take into account
to the receiving vessel. this special situation S6 is the fact that a smal

LNG power plant is close to the receiving vess
either alongside or in the vicinity of the
receiving vesel.

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

'® 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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2.5 LNG Bunkering Modes

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 wused. Todayds choi
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 7 LNG bunkering methods

Method Typical Advantages Disadvantages
Volumes (V)

and Burker
Rates (Q) [21]

Truckto-Ship-TTS 1 Operational Flexibility 9 Limited capacity of trucks:
LNG truck connected tothe + F-10pma8 ¢ Limited Infrastructure approximately 4680 m3 is
receiving ship on the requirements likely to dictate multitruck
quayside, using a flexible v f- nn 9 Possibility to adjust delivered operation.
hose, assisted typically by a 60m3/h volumes (nr. of trucks) to 1 Limited flowrates (900
hosehandling manual different client needs. 1200l/hr)
cantilever crane. 1 Possibility to adapt to different { Significant impact on other
—— safety requirements. operations involving
—— 9 Possibility to serve different passengers and/or cargo.
LNG fuel users on potb- 9 Limited movement on the
point delivery quay-side, mostly influenced
sovnsse || Vi sipste by the presence of the bunker
truck(s).

9 Exposure to roadside eventua
limitations (permitting,
physical limitations, traffic
related, etc.)

Shipto-Ship- STS 1 Generally does not interfere 9 Initial investment costs
LNG is delivered to the * f - mMnn  with cargo/passenger handling involving design,
receiving vessels by another 6500m3 operations. Simultaneous procurement, construction
ship, boat or barge, moored Operations (SIMBPS) concept is and operation of an LNG
alongside on the opposite v F -pnn favoured. fuelled vessel/barge.
side to the quay. LNG deliver 1000m3/h 1 Most favourable option for LNG Significant impact in life
hose is handled by the bunkering, especially for ships cycle cost figures for the
bunker with a short port turnaround specific LNG bunker
time. business.
— 1 Larger delivery capacity and 1 Limited sizdor bunker
I:l higher rates than TTS method. vessel, conditioned by port
1 Operational flexibility limitations.
sowmns | Viiotan swse bunkering can take place
alongside, with receing vessel
moored, at anchor or at station.
Terminal (Portto-Ship- * F - pnny Possibility to deliver larger LNG  From operational
PTS 20000m3 volumes, at higher rates. perspective it may be
LNG is either bunkered I Good option for ports with difficult to get the LNG
directly from a small storage V f -mnn stable, longterm bunkering fuelled receiving vessel to
unit (LNG tank) of LNG fuel, 2000m3h demand. the Terminal.
small station, or from an 1 Proximity of larger NG
import or export terminal. terminal may not be easy to
guarantee.
>  Calculation of available LNG
for delivery, in small storage
tanks, can be difficult unless
|:| St sipsee pre-established contract
exist
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Method Typical Advantages Disadvantages

Volumes (V)

and Burker

Rates (Q) [21]
ISO Containeto-Ship Typical 1 Absence of interface bunkering q Connections onboard need
LNG can also be delivered to capacity: operations to comply with strict
the receiving vessel by 1 Simplification by exempting construction regulations.
embarkation of 8O ISO 20ft: operations fom hoses and 1 Limited volumes available in
containerized LNG tanks. 20,5m3 other operational aspects. 20-40 i’ contairers.
If the receiving vessel is pre 1 Potential advantages from 1 Only suitable for a limited
fitted with LNG connections  1SO 40ft: intermodal possibilities. type of ships.
the fuel can then be used. 43,5m3 1 leveraging of intermodal 1 Requires prenstallation of

transportation LNG fuel installation.

INGEBunkering
Interface

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 71 Typical LNG bunkering per different generic ship type [21]

Vessel Type Bunker Duration Hoses or arm Adequate
tit di t Bunkeri

e e Quantity iameter unkering

Mode
(pol)

Service vessels,

tugboats, patrol . .,

boats and fishing 50 m3 60 m3/h 45 min HEHE 2N TTS

boats

Small ReRo and Re 400 m3 400 m3/h 1hr HEné 2N TTS/ STS

Pax vessels

Large ReRo and Re 800 m3 400 m3/h 2 hr 2x4¢ 2 NJ W STS

Pax vessels

Small cargo, 2,000¢ 3,000 1,000 m3/h 2to3hr HEyé¢ 2NJ STS

container and freight m3

vessels

Large freight vessels 4,000 m3 1,000 m3/h 4 hr HEy ¢ 2NJ STS

Large tankers, bulk 10,000 m? 2,500 m3h 4 hr HEMné STS/ PTS

carriers and

container ships

Very large container s s N ]

ShipS and oil tankers 20,000 m 3,000 m /h 7 hr HEMH E STS/ PTS

51

)
m
Z
m
Y
>
=




EMSA Guidance on LNG Bunkering to Port Authorities/Administrations / European Maritime Safety Agency

All LNG bunkering modes share several fundamental aspects of concern that need to be carefully
addressed in order to have safe and successful operations:
1 Risk Analysis and Safety Management, intrinsically different depending on the method chosen
for bunkering.
1 Permitting, which will be needed for the different operations, from the relevant competent
authorities
9 Training of all personnel involved, both onboard and ashore.

2.6 LNG Bunkering Equipment, Ships and Infrastructure

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' 7 LNG Bunkering relevant Equipment and Infrastructures [21]

Equipment
(Equipment/Ship/Infrastructure)

Description

LNG feeder vessels are small to medisimed 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 constn@re

i double-hulled gas carriers with a capacity of 7,580,000 m3 [21]. The
size and main dimensions of the vessels will depend on market dema
and the physical limitations of the intended unloading location, such a
dimensions of the berthing sitend draught at the jetty.
The figures below show some examples of LNG feeder vessels with
different capacities.

1. LNG Feeder Vesls

LNG feeder vessels can be loaded at large LNG import terminals. Loz
takes place via fixed cryogenic pipes and flexible hoses or fixed arms
the typical rate of 1,008,000 m3/h (depending on the size of the feede
$SaaSto oHmMB® ¢KS [bD @I L3 dzNJ RA
returned to the terminal via a vapour return line.

Unloading of the vessel at a bunker terminal or bunkestagion is also

done using fixed cryogenic pipes and flexible hoses or fixed arms. Th
LNG is pumped to the terminal by the submersible pumps fitted in the
AKALIQ& OIF NEH2 Gl y14&6,000m¥h G&LIAOL ¢

Figure 2.17 and 2.18 i LNG Feeder vesselsi A Cor al Met han
m3) and AFKLAB L20 project (16, 50(¢

LNG bunker vessels are small LNG ships used for the direct supply ¢
fuel to ships inside or outside a port. During bunkering, the LN
pumpedF NBY (GKS odzy1 SN gSaasStoa OF
of the ship being supplied. LNG bunker vessels are identical in desi
LNG feeder vessels and typically have a capacity 6fZ80000 m3.

2. LNG Bunker Vessel

LNG bunker vessels represent today a key inlghe ability of LNGC
bunkering to grow in capacity whilst avoiding the difficulties of sh
side/ quay operation. Bunkering from the opposite side to the quay
allow to design bunkering an port operation in a more flexible

Figure 2.19, 2.20 and 2.21 (top to bottom) i LNG bunker vessels i
ACoraliusodo (5,800 m3), AGA fiSeagasd
(16,500m3) [21]

Small LNG bunker vessels (508,000 m3) are usually equipped with or
or two cargo tanks. These are mainly cylindrical cargégavith a design
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pressure of 3 to 4 barg (IMO type C tank) and an individual tank cag
of 500- 2,000 m3 of LNG.

LNG bunker vessels can be loaded at small to mediaed bunker
terminals or large LNG import terminals. Loading takes place via

cryogenic pipes and flexible hoses or fixed loading arms at a rate of
3,000 m?¥h (depending on the size of the bunker vessel).

Bunkering is done using flexible hoses or fixed arms at a rate-8f080

m3/h depending on the size of the fuel tanks on tleeeiving vessel. [21]]

Rules applicable to LNG bunker vessels are typically IGC Code unle
bunker vessel is operating only in inland waterways, outside the scoy
IMO IGC Code applicability. Here the applicable instruments woull
defined at Natimal Administration level. In the EU context the Al
agreement, Directive 2016/1629 or RVIR regulation would apply.
Details of certification elements required for barges included in Sectio
15 of the present Guidance.

LNG Buoker Barges are, essentially, the rpropelled version of LNG
bunker vessels. All types of different LNG capacities and containment
systems are possible, with a growing number of designs being develo

LNG Bunker Barge

Mobility of these barges is subject to puphll tug arrangements or to
any other external propelling unit that deliver the barge the ability to b
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 forobility 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 LI&®ks 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 de
from IGC and IGF Codes, barges seem not to have a dedicated of of
that apply directly to fhe carriage LNG fuel and bunkering seniteEhis
may impose a challenge in the harmonization of these floating craft th
should be taken into consideration by PAAs.

Details of certification elements required for barges included in Sectig
15 of the pesent Guidance.

Figure 2.22, 2.23, 2.24 and 2.251 LNG bunker barges i top to bottom 1)
barge with 2 (two) type-C tanks above deck; 2) Transport barge with

| SO 406 LNG containers; 3) LNG bunkK
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.

" n 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, considerationi s t o be given for full compliance with the code. I'n all ®
requirements of flag Administration and port Administration.
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LNG IMO Tanks/Containment Systems

For the cargo tanks used on gas carriers, a distinction is generally made betwesalisupporting tanks (atmospheric
membrane tanks) and sedupporting tanks (actual pressure tanks). The-seffporting cargo tanks are subdivided into
three classes according to their strength. The same classification (IMO Classification) is Lk fioelled ships, to define

the LNG fuel tanks.

IGC/IGF Code
Tank Classification

Independent Tanks

Membrane Tanks

Type A
Pr < 7oomb

Full Secondary
Barrier

Type B
Pr < 700mb

Partial Secondary
Barrier

Figure 2.26 1 LNG Tanks IMO Classification

Membrane
Pr < 700mb

Full Secondary
Barrier

Type C
Pr> 2 bar

No Secondary
Barrier

IMO TYPE A TANK

These are prismatic cargo tanks with a low design pres
(< 0.7 barg). The material used in the construction of th
tanks offers isufficient resistance to crack propagation,

that for safety reasons a second shell (tank wall) has tg
provided to contain any leaks. This second shell can als
formed by parts of the ship (e.g. inner hull) provided th
these are capable of resisg the low temperature of the
cargo.

IMO TYPE B TANK

These are prismatic or spherical cargo tanks with a
design pressure (< 0.7 barg), for which a great dea
attention has been paid in the design phase to detai
stress analyses (inter alia ielation to fatigue and cracl
propagation).

Spherical Mosfosenberg tanks are the best knov
example of this type of tank.

Because of the improved design, a type B cargo tank
needs to have a partial second shell, fitted on the unders
of the tank inthe form of a drip tray.

IMO TYPE C TANK

These are spherical, cylindrical or bilobe pressure tanks
a design pressure greater than 2 barg. The tanks
designed and built according to the conventional press
vessel codes and, as a result, canshbbjected to accurate
stress analyses. Moreover, in the design phase m
attention is paid to eliminating possible stresses in the ta
material. For these reasons, type C cargo tanks do
require a second shell.

. afio
» Controk

NG -143°C

$icing spport

Figure 2.27 7 LNG Type-C Tank

For shi in which the cargo is transported in a cooled &
partially pressurised state, the cargo tanks and associé
apparatus are typically designed for a working pressure

to 6 barg and a vacuum of 0.5 bar.

The cargo tanks are typically insulated withystyrene or
polyurethane panels attached to the tank wall.

Membrane Tank

The inner surface of the insulation is exposed to the cargc
Membrane tank; Membrane tanks are neselfsupporting
tanks which consist of a thin layer (membrane) supported
throughinsulation by the adjacent hull structure.

Membrane Tanks
p < 700 mbar
Full Secondary barrier

Despite the fact that membrane
tanks are today widely used in
LNG cargo tankers, the
application of these technologie

GTT No % for LNG as Fuel is still without
| | & much expression.
<
Membrane tanks, as in Type A ¢
B, optimize holding time by
GTT Mark Il

improved insulation.

Figure 2.28 1 Membrane

Other Systems: . .
Tanks. Different technologies.

-GTTMARK YV

- KOGAS KC-1

- SHI SCA-WS

- HHI LNG Membrane
- DSME Membrane
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Regional transport and local distribution of LNG can also be perfor
using LNG trucks provided that the distance between the loading
unloading locations is not too great (max. 500 km) and the consumg
of the local consumer is small.

LNG Trucks

The capacity of LNG trucks varies from 35 to 56 m3 for conventi
trucks and up to 80 m3 for a truck/trailer combination. As an alternat
totrucks,L { h GFy1 O2ydGFAySNRA GAGK |
np Yw onné O2ydFAySNL OFy I|faz
In some countries there may be a restriction on the maximum authori
mass (MAI\/Il)8 of trucks used for domestic transport.

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

9 Trucks with a singlevalled cargo tank made of stainless steel,
insulated with insulating rigid polyurethane panels and fitted
with a thin aluminium or stainlessteel protective cové?g;

NN N A /A 1 Trucks with a doue-walled vacuurrinsulated cargo tank
comprising an inner tank made of aluminium or stainless ste
and an outer tank of carbon steel. The space between the in
and outer tanks is a vacuum and is further insulated with
perlite, glass wool or a supémsuating foil.

Figure 2.29 and 2.30 7 LNG trucks in bunkering operation i 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 argo tank of an LNG truck typically has a design pressure of 5 to
barg and is equipped with a redundant overpressure protection syster
with two safety valvef1]
The main specifications of LNG trucks are presented below. The pres
and temperature othe LNG in the truck during transportation is typical
between 0 and 3 bargX60°C and142°C).

Table 2.231 General specifications of LNG trucks [21]

Volume 35-56 m?3 (14- 23 tonnes of LNG)
Maximum Filling % Max. 90%

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

Set pressure of safety valves typically 56 barg

LNG trucks can be loaded at large LNG import terminals or medium s
bunker terminals at a rate of 50L00 m3/h. The LNG is pumped from th
LNG storage tanks into the truck usingudbomersible pump via a fixed
cryogenic pipe and a flexible (un)loading hose. The displaced LNG ve
is returned to the storage tanks via a vapour return line.

Unloading of LNG trucks at a bunker terminal or local bunkering static
also done using ddxiblehose @ ¢ 0 YR | FAESR O
typical rate of 40 to 60 m3h. The LNG can be transferred using a pun
fitted on the truck or by raising the pressure in the truck using a press
build-up coil or a connection to an external nitrogenmatural gas
network.

'8 Maximum authorised mass (MAM) means the weight of a vehicle or trailerincludin g t he maxi mum | oad that can be carried ¢
used on the road.

This is also known as gross vehicle weight (GVW) or per mimmalpshevnomaxi mum wei g|
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.

 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.
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LNG Truck Common Bunkering Manifold

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

Figure 2.30 and 2.31 1 LNG trucks in common manifold bunkering
operation

The option for common manifolds has been first featured in IACS Rec
142 where it is mentionedDepending on the shore side arrangement |
may be possible to increase the bunker rate to some extent by
simultaneous bunkering from multiple trucks viammmon manifold.

Adequate and detailed operating procedures are important for safety
the operation. All the steps (preparation, pbeinkering, bunkering, post
bunkering should be carefully detailed and explained. The risks and s
of the whole oper#ion should be carefully assessed, not only in terms
HAZID and HAZOP analysis for the LNG bunkering operation, but als
the implications for the LNG bunkering location.

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

1 1SO 20ft: 20,5m3

1 IS0 40ft: 43,5m3
With the possibility of portable fuel tanks to be used as LNG fuel units
included in the IGFa@Ie®, it is possible to consider the use of these
elements as fuel storage for ships converted to LNG as fuel that did n
make use of the hull internal volume to place fixed LNG fuel storage.
A normal tank container intended for transporting LNG cannotyéwver,
be used directly as a portable fuel tank since it does not fulfil all the
requirements for marine LNG fuel tanks. Modifications relating to rem
monitoring and safety systems, IMO type C tank requirements, and
leakage & spill protection are a fatems 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,
top of those required for LNG cargo 1SO tanks.

Standard ISO frame

Compliance with transportation regulations
(IMDG, TPED, ADR, RID, CSC among others)

Compliance with rules for use as LNG fuel tank on board ships:

IMO Type-C tank

Only the first two
Mielonspayioe Systel requirements are
Tank safety relief valves designed for fire case required for ISO LNG
Connection to external vent mast tanks

LNG leakage detection and protection L.
Remaining aspects to

be covered for LNG
Stainless steel outer shell portable tanks.

Dry disconnect quick couplings

Class approved equipment & design

Connections at end for connecting to ship
Connection to automation system on the ship

Connection to safety systems on the ship

Figure 2.32,2.33 2.34 7 I1SO LNG fuel tanks i 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
portabl e tdmlos,cofmpmomg mani fol d and

% |GF Code Section
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Rigid/Mechanicdarms

2KAtad avYFrttSNI RAFYSGSNI W G2 o¢
larger diameters are far more difficult to handle. The use of dedicated
general purpose, cranes have therefore been of great assistance in th
operation of LNG hoses fopnnection with the LNG receiving vessel.

In addition to the support of LNG hoses weight during bunkering, othe
aspects are important drivers for the use of mechanical rigid LNG
bunkering arms:

i.  Safety of the whole LNG bunkering operation

ii.  Precision in th connect/disconnect procedure

iii. Optimization of bunkering duration

iv. Possibility to deliver LNG bunker connection at different heig

Full rigid arms are provided with rigid insulated pipe sections through
which LNG is pumped through to the receiving vesSefivel joints allow
the necessary motion in the intended degrees of movement, whilst

pneumatic/hydraulic assisted mechanisms provide the motion and bir]
forces for the mechanic arm.

Typical installations for such arms would be LNG bunkering fixeidrsdat
or LNG bunker vessels.

Figure 2.35 and 2.36 i 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 gtties can be equipped with a smaltale LNG bunkering statig
that is used to supply specific end users (e.g. service vessels or fe
The storage capacity of such bunkering stations is typically 100 to 3
m3 [21]. Bunkering takes place by mearisadixed bunkering installatior
(i.e. a cryogenic pipe and loading arm or flexible hose) from
stationary LNG storage tanks at a rate of-BD0 m3/h depending on the
size of the vessel being supplied.

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

The figures to the left show some examples of sreedile LNG stations.

Whereas the two figures on the top are demonstrative of sraadlle
fixed LNG bunkering stations, the one on thettom is intended to
demonstrate what can be achieved through a temporary installatior
an LNG trailer, on a seffiked installation. It is important that PAAs a
aware that even if this situation is not a fixed installation, sim
concerns should beonsidered. The use of LNG trailer trucks in skxed
LNG bunkering installations should not represent a way to avoid n
stringent regulatory requirements for fixed small scale LNG bunke
sites.

Figure 2.37, 2.38 and 2.39 1 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 typ
cylindrical tanks with a volume of 100 to 1,000 m3. More specifically, tk
are doublewalled vacuum insulated pressure tanks set up eitl
horizontally or vertically. The degree of filling of the tanks must
exceed 95% under any circumstances, in line with ADRrezgents.

57

@
m
Z
m
Y
>
=




EMSA Guidance on LNG Bunkering to Port Authorities/Administrations / European Maritime Safety Agency

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

The figure below shows a schematic represg¢ion of a vacuum
insulated LNG tank.

% Vapour line
plaply e

|

Vacuum space k

Figure 2.407 LNG storage pressure tank [21]

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

Table 2.24 7 Typical characteristic dimensions for LNG storage
pressure tanks [21]

Tark 100m 250m 500m 700m
Volume

Diameter 3.5 4.3 5 5.5
Length 16.5 23 30 35
Max.

connection (100) (150) (150) (200)
(mm) [4] [6] [6] (8]
[inches]

The ship bunkering installation is similar to the installation used to unl
LNG ships, namely a fixedyogenic pipe and a flexible hose or loadi
arm. The flow rates applied when bunkering vessels using a
installation are typically 50 to 500 m3/h depending on the size of the !
being supplied

Fixed LNG bunkering stations can be loaded both &bips or trucks:

Loading from LNG ships

LNG ships unloaded at a bunkering station have a typical capacity of
to 3,000 m3 and unloading takes place via a fixed arm or a flexible hg
a rate of 2001,000 m3/h. The diameter of the unloading arm arse

dza SR FT2NJ GKA& LIzN1}2&asS Aa nég G2
Gyl @A I ONB23SyAO dzyft 2l RAY3
unloading pipes must be kept as short as possible (<250 m) to minimi
boil-off gas losses and associated ggare increase in the LNG line.

Loading from LNG ships

The LNG trucks used to supply the station are generally unloaded
rateof40-cn Ywk K dzaAy3I | FtSEAGES ¢
[ bD LIALIS 0G0ékné0d ¢KS [ mpfitddlonythed
truck or by raising the pressure in the truck using a pressure-opilcoil.
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Liquefaction units

Building a small to mediusized liquefaction unit is a possible alternati
to shipping in LNG to bunker terminals and bunkeritagiens. Such
liquefaction units have a production capacity of 5,000 to 20,000 tpa (f
bunkering stations) and 40,000 to 300,000 tpa (for bunker terminals).
Medium-sized liquefaction units typically have a production capacity o
270 to 2,000 m3 of LNG pday, which implies a natural gas consumptic
of 7,200 to 54,000 m3 (n)/h.

Small liquefaction units typically have a production capacity of 35 to 1
m3 of LNG per day, which implies a natural gas consumption of 900 tc
3,600 m3(n)/h.

Figure 2.411 Small liquefaction unit [21]

For LNG liquefaction units with a capacity of 5,@D0,000 tpa, the
following process cycles are mainly used [21]:
- an open cycle with turboexpander;
- a closed oneor two-stage cycle with nitrogen refrigerant;
- a closed oneor two-stage cycle with mixed refrigerant.

LNG (reJiquefaction plants are important infrastructure elements that
allow both production of LNG onsite and BOitf Gas management
through reliquefaction.

Aerogel Insulation
(Cabot Nanogel™
Expansion Pack™)

ASTM 553 Type 1
(9% Ni Steel)
Product Pive

Steel if required)

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

Thetotal length of the pipelines is limited to the efficiency of the
insulation and, in principle, should not be longer than 250m [21]. This
depend on many aspects which are mostly latgphendent and whether
the LNG distribution system has the abililymanage BOG generated
during transfer.

The LNG pipeline layout design can consider different routing solutior
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
directly into mechanical articulated arms as the one presented in this
table, above.

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

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

Figure 2.42 and 2.43 i 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 muléiyer thermoplasticLNG hoses
are to be designed and certified according to the following standards:

w EN 1474& - Design and testing of marine transfer systems.
Design and testing of transfer hoses

w EN 13766:201Q Thermoplastic multlayer (nonvulcanized)
hoses and hose asmblies for the transfer of liquid petroleum
gas and liquefied natural gasSpecification

Typically, the bunker hose is expected to be provided by the supplier.
should be suitably long and flexible, such that the hose can remain
connected to both thedzLJLJt A SNR& YIyAF2f R |y
manifold during normal relative movements expected from wind, wave
draft changes, current, and surges from passing vessels. Typically, bt
hoses are constructed of composite materials and are flexible eavtr
relative movements. The supplier should provide a bunker connectior|
ikKS K2a$ SyR dKFdG gAaff YIFIGIOK (K
industry standardization has not yet been implemented, ISO/TS
18683:2015 references relevant standards.

Additionally, the hose should be capable of releasing without damage
significant spills if the relative position or movement of the receiving s
exceeds the limits. LNG bunker hoses are typically fitted with connect
that are of the quick connect tygpand remain sealed until the connectio
(drip¥NBS GelisSo A& YFERS® ¢KS NBOSH
be fitted with an emergency release system (ERS), such as-faedrip
breakaway coupling that gives way before excessive pull causes see |
to break or other damage to occur.

This type of coupling uses spring loaded shutoff valves to seal the bre
and stop any LNG or vapour release. Quick connect and Jangai
couplings are readily available in the market and minimize the possibi
of LNG leakage and gas escape.

Cranes, loose gear, supports, etc., are to be provided for hose handlil
and bunkering operations and are to be designed, arranged and survi
in accordance with the applicable requirements of the ABS Guide for
Certificationof Lifting Appliances.

iii) Hose supports or cradles are to be used where necessary to keep
0SYyRa gAUGKAY GKS RSaAdy fAYAGAZ
iv) Fixed LNG bunker transfer systems are to be designed and tested
accordance witlrecognized standards such as EN187#ffshore
transfer system) and/or EN1472(transfer hoses). LNG bunker transfel
systems and hoses are to be arranged to provide sufficient flexibility ¢
the range of expected relative vessel motions.

Hoses canlao be part of hybrid flexible/rigid/mechanical systems, sucl
as the one presented to the left. ERC and connector to be also fitted ¢
the end.

Figure 2.44, 2.45 and 2.46 i 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
comprised of two sulsystems/elements that alv the main functional requirement of quick/dry disconnect during
bunkering operation, as a consequence of an emergency

Emergency Release System (ERS)

(EN ISO 20519, Sien 4.3)

General Functional requirements for ERS include ERC and ESD syst
The approach in the standard is to consider both ERC and ESD as su
components of the system.

4 \ 4

Emergency Release Coupling (ERC) I(EEnrlle{ggn%;gHDsoeﬂéfig)g)

(EN IS_O 205%9' Paragraph.2)3 . ESD systems to comply timinimum requirements
Coupling designed to allow hose separation when in EN ISO 20519, Paragraph 4.3.9 (referring to
desired, as a consequence ofa fau_lty, alarm or SIGTTO document titled "ESD Arrangements &
hazardous condition n LNG bunkering. Linked Ship/Shore Systems for Liquefied Gas
Carriers, SIGTTO First Edition 2009"

Emergency Shubown (ESD)

An emergency shudown (ESD) is a method or a system that safely and effectively stopsattsfer of LNG (and vapour &
applicable) between the LNG bunkering facility and the receiving ship in the event of an emergency during the bt
operation. The control systems involved in the ESD, which is a linked system to allow both partiear(brebeiving ship
and the bunkering facility) to shut down the transfer in an emergency situation, can be activated automatically or ma

The ESD may consist of two parts:

1  ESBbBstage 1, is a system that shuts the LNG transfer process down in a thtr@nner when it receives inputs fro
one or more of the following; transfer personnel, high levels LNG tank alarms, cables or other means desi
detect excessive movement between transfer vessels or vessel and an LNG port facility, or other alarms.

1  ESBstage 2, is a system that activates decoupling of the transfer system between the transfer vessels or bel
vessel and an LNG port facility. The decoupling mechanism contains quick acting valves designed to col
contents of the LNG transféine (dry break) during decoupling.

The figure below presents a possible integrated diagram for an ESD, for the specific case of TTS LNG bunkering.

Bunkering
Station

Fire Fighting . Press
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Typical reasons for activation of the ESD include thedwaiing:

Gas detection
Fire detection

Excessive ship movement
Power failure
High level in receiving tank

High tank pressure

gegegeeeeegee

Other @uses as determined by system designers and regulatory

organizations

ESD systems to comply with minimum requirements in EN ISO 20519, Paragraph 4.3.9 (referring to SIGTTO dc

Manual activation from either the supplier or receiver

Abnormal pressure in transfer system

Excessive stress in LNG bunker arm

Figure 2.47 1 ESD local command
switchboard and alarm indicator [26]

titted "ESD Arrangements & Linked Ship/Shore Systems for Liguefied Gas Carriers, SIGTTO First Edition 2009".

Emergency Release Coupling (ERC)

A breakaway coupling or emergency release coupling (ERC) is a couj
located in the LNG transferstgm (at one end of the transfer system,
either the receiving ship end or the bunker facility end, or in the middl
of the transfer system), which separates at a predetermined section
when required, each separated section containing aceling shubff
valve, which seals automatically.

Figure 2.48 and 2.491 ERC model drawing representation, with halves
tight together, during normal operation and, below, after emergency
release for dry breakaway.

Figure 2.50 1 complete bunkering arrangement at connection in
Bunkering Station.

LNG bunkering line

Main Quick-Connect/ Dry Disconnect coupling (QC/DC)
Vapour return line

Return QC/DC

ERC main line

ERC Vapour Return

Pad-eye for LNG bunkering hose crane handling

NogakwNhpE

ESD systems to comply with minimum requirements in EN ISO 2051¢
Paragraph 4.3.9 (referring to SIGTTO document titled "ESD
Arrangements & Linked Ship/Shore Systems for Liquefied Gas Carrie
SIGTTO First Editic2009".
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Dry QuickConnect/ Disconnect Coupling

Dry Quick Connect/Disconnect couplings (Dry QC/DC) are a specific
of couplings that allow easy connection/disconnection without the use
manual intensive operation (such as tightening bolg)ilst including
selfcontaining stop valves at the female and male ends to avoid spille
of hose and receiving line LNG content that may possibly be containe
the lines (if not inerted).

Figure 2.5117 LNG Dry QC/DC coupling.

The coupling consistsf a Nozzle (male) and a receptacle (female). The
nozzle allows quick connection and disconnection of the fuel supply h
to the receptacle, mounted on the LNG manifold. Connectors used sh
be designed to operate as quick connect/disconnect coupli@gsplings,
AY Y2YAYLFE &AATS& dzld G2 cé3x F2NJI

rates of 10 m/s.

The advantages of standard quick connectors are as follows [27]:

1. avoid mixup and use of any connector designed for other flui
or gasses through the safebf 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 caacts and brand
distributors, which normally results in less competition and
hamper public procurement;

4. prevent the safety risk of fitting additional adaptors and gask
to convert between different company standards and the risk
using parts not adeaate for cryogenic fluids;

5. avoid the temptation to make or modify adaptors, to fix
something on short notice, with possible limited access to thi
right material and manufacturing equipment;

6. eliminate the need for manual bolting and manuattightening
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 featurt
and thus torsion problms that may arise on flanges do not
exist; and

9. ensure conformant operation and safety training for all
personnel involved in bunkering on a woidde basis

ESD systems to comply with minimum functional requirements in EN
1ISO 20519, Paragraph 4.3.
NOTEUntil the adoption of an International Standard for Dry QC/DC
couplings the Best Practice to follow is:
w Ensure compliance of the couplings with the Functional
Requirements in EN ISO 20519.
w consult with Classification Society on the best options to
optimize LNG bunkering compatibility with receiving vessel.
w Liaise with Industry Association (such as SGMF) or other in
order to get the best
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Vessels transferring or receiving low flashpoint flammable liquids, suc
LNG, need to takedditional precautions against ignition resulting from
Isolating Material electrical arcing.

Sealing Element

Isolation Flange

Two causes of arcing are
w Static electricity buileup in the LNG bunker hose
w S5AFTFSNBYyOSa Ay LRGSyiGAlt o8¢
facility, including the quay or pier,ucks, bunker vessels, etc.

The use of electric bonding cables, for LNG bunkering, is not advised
[5], [26].

Isolating Sleeve

Steel Washer Isolating Washer
Isolating Washer Steel Washer

Figure 2.52'1 Expanded elements i Electric Isolation Flange

Stainless Steel
Gasket Core

An effective way of preventing arcing is to isolate the ship and the bur
supplier using an isolating (insulating) flange fitted at one end of the
bunker hose only, in addition to an electrically continuous bunker host
The isolating flange, an example of which is shown in Figure 4, preve
arcs from passing between the ship dadility 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 it use one short section of insulating hose
without any isolating flanges, but with the rest of the bunker hose strir
electrically continuous. To ensure that the ship is completely isolated
from the supplier, it may be necessary to isolate mooring ligaagways,
cranes, and any other physical connections. This is typically done by
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 riskas€ing.

To avoid LNG spillages in contact with decks or other exposed parts ¢
ship structure, from becoming structural failure hazardous events (wit
cryogenic cracking associated to carkgiael embrittlement) two
possible solutias may be possible:

1. Design for local cryogenic resistant structure

2. Use of stainless steel drip trays

Drip Trays

(8) E:Let?:;sy Drip trays are in fact, toﬂday, the most conlmprlly uged svolution to cont
e [bD €tSFE1F3S YR LINB@GSYyu RIFYF3S

- NG in the IG= code as an actual requirement for the bunkering station. Thi

/ i includes the location below any flanged connection, typically fitted wit

P \(5, Reduci spray shields, in the LNG piping system or where leakage may occur.

Commu

Drip trays should be sized to contain the maximamount of leakage
expected and made from suitable material, such as stainless steel.
Cryogenic pipes and equipment are typically thermally insulated from
AKALIQ& &GNHOGd2NB G2 LINB@Syid GKS
conduction. These reguements are especially important at the bunker
station because this is where LNG leaks or spills are most likely to oc

Figure 2.53 and 2.54 1 Drip-trays i protection against cryogenic related
hazards that may represent risk of local girder structural failure.
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2.7 General Good Practice by Port Authorities & Administrations

2.7.1 LNG as Fuel for Ports

R2.1. From a general perspective it is important that PAAs incorporate the perspective that
LNG as fuel is today a developing option for ship operators willingto i mprove ship6s
environmental performance, whilst maintaining a viable and profitable operation.

R2.2. PAAs should provide leadership and create and maintain administrative frameworks to
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.

R2.3. Port Regulations should incorporate LNG bunkering, defining the relevant standards and
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.

R2.4. It is important that PAAs define clearly the scope of responsibility for Operators when
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®’.

R2.5. With LNG bunkering being a relatively new port service, being added gradually to Port
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.

R2.6. PAAs are advised to adopt an approach adequate to the different LNG bunkering
lifecycle stage. Table 2.25, below, includes the best practice advisable approach for
PAAs when assessing, evaluating

2.7.2  LNG Supply Chain

R2.7. The range of LNG bunkering options is today increasing as new technical solutions are
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. Arethe 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?

Will it be a single or multi-operator LNG bunkering chain?

Is LNG truck loading also considered from on-site facilities?

Which safety and environmental preliminary measures are being considered?

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?

oo Q

% 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 lincludes a Template for the Initial Assessment of Concept LNG Bunkering Projects)

R2.8. The LNG supply chain should be made as simple as technically possible with the
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.

R2.9. LNG bunkering supply chain should be streamlined, designed and operated so as to
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) 7 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 i potential for synergies in the Port Area.

R2.10. The success of the LNG bunkering operation will, amongst other aspects, depend on the
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 i General aspects

R2.11. The Bunkering Facility Operator should implement a management system to develop,
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.

R2.12. The LNG bunkering operator (BFO) has primary responsibility throughout the whole
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.

R2.13. Potential releases, resulting from hazardous accidental events, from any point of the
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.

R2.14. Deterministic and/or probabilistic approaches can be used in evaluating LNG bunkering
facilities and operation, and assessing impacts on human health and the environment.

R2.15. Appropriate measures should be taken in case of accidents. Emergency plans should be
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.

R2.16. Land-use planning considerations should be taken into account both in the development
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.

R2.17. LNG Bunkering Operators and PAAs responsible for LNG bunkering facilities and
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,

R2.18. Information on the safety of LNG bunkering, the geographic position of LNG bunkering
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

R2.19. LNG bunkering equipment, functional and technical requirements are outside the scope
of the present Guidance®. 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.

R2.20. PAAs should confirm regularly, following a specific inspection plan, if certificates are in
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.

%2 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®, 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.

3.1 LNG as a Cleaner Alternative Fuel for Shipping

LNG does not contain sulphur, which results in (almost) no SO, emissions and almost no PM-emissions.
In addition, because LNG has a higher hydrogen-to-carbon ratio in comparison to conventional fuels,
the specific CO, 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 3.17 Environmental benefits from the use of LNG as Fuel by Ships.

Emission Potential Reduction with LNG as Fuel Observations

(compared to HFO)

- Compliance with sulphur regulations.
- Some % of sulphur oxide emissions due to the use of
SOx 95to 100 % reduction pilot-oil fuels in duafuel operation.
- Lean gas burn result in neaero emission of sulphur
oxides.

- Depending on Engine technology.
- Lean Gas burn Otto Cycle (lpressure injedbn) ¢
compliant with IMO Tier 1l (885% NOXx emission
Between 40 and 80% reduction)

NOX - DualFuel Diesel Cycle (higinessure injectiony, not
inherently Tier Il compliarg will typically require
additional NOx abatement device.

- Some % of PM emissions due te tiise of pilotoil
fuels, in duafuel operation.
o )

PM 90-100% - Lean gas burn result in neaero emission of sulphur
oxides.

co 25-30% - Benefit for EEDI and EEOI indexes.

- CNRBY Kko-@lsSS&d LISNRLISOGA DS

GHG from LNG as fuere only effective if methane

(Well-to- 0-25% emissions to the atmosphere are adequately controll

Wake) 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 CO, emissions to the
atmosphere, the figure (up to 30%) is also relevant but of lesser expression.

% 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 LNGo6és act

A disadvantage of LNG is the potential increase in methane emissions (CH,). 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 CO, reduction

3.2 Well-to-Wake GHG Emissions of LNG

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 k-oOWMakeads amWeélylsi s, as an adaptation

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.

CO, 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 (CH,) is another gas of particular interest from a life cycle, well-to-wake perspective. Being 20-
25 times more powerful than CO, 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

emi ssions resulting from internal engine combust.i

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 i 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 (LSFOSs) i 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 i 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 CO, 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 Combustion Factors for Diesel, in comparison to LNG

Fuel Combustion Emission Factor Percentage reduction
gCO2/MJ LHV %

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
fuel ds | i f e c igud belowsptesegte & roughTcomparison 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 CO, 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.

Well-to-Wake
(MDO — 180gC02/MI)
(LNG — 140gC03/MI — for zero-Methane Slip)
(LNG — 165 gCO2/MJ - Methane Slip 255C02/MJ)
(Approximate values)

Well-to-Tank Tank-to-Wake
(MDO = 15gC0,/MJ) (MDO = 150gC0,/MJ)
(LNG = 17gC02/MJ) (LNG =110gC0/MJ)
MDO Process LNG N
o orogucon o Energy Conversion
Depending on Propulsive
0.9 Transport 34 Combustion Efficiency
8.1 Refining - Combustion Emission Factor LNG Engines with similar
{including de-sulphurization (MDO = 75gC0,/MJ) Efficiencies to Diesel
effor‘ttto 0.5% fulphur} (LNG = 55gC01/MJ) Can be assumed 50%
Hiquefaction ° Specific Fuel Consumption
0.5 Distribution 4.4 =2 MI/ 1 M power out
14.8 TOTAL 173
T e ,
Fuel Carbon Intensity 1 Methane Slip S
(MDO = 90gC02/M)J) ! 0 to 4gCH2/kWh ;
(LNG = 70gC02/MJ) 1 (0 to 25gC0O2/MJ) /
Lo e e e e e e e e e e — rd

Adapted from: M. Kofod & 5.Hartman, T. Mundt “Review of Recent Well-to-Wake Greenhouse Gas Studies evaluating the use of
LNG as a marine Fuel”, submitted to IMO at MEPC67 as MEPC67/INF.15 by Germany

Figure 3.17 Well-to-Wake break-down comparison MDO-LNG [28], [29].

In the particular context of the present Guidance the WtW considerations for CO, 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.

3.3 Methane Release Mitigation

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**

Figure 3.2, below, indicates the scope of this Guidance for all considerations relative to methane
release mitigation

T e e ~
4 Ay
]
1 _@@h
1 ©9
1
1
1
1
1
1
1
1 LNG Bunkering
\ Shore/ Port-Sde Interface Ship-Sde
\ U
B (N R4

Figure 3.2 7 Scope 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.

¢ Reduction of natural gas emissions down to negligible amountscanbe i nt erpreted as a reference to fAzero
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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.

LNG Bunkering Interface

With a focus on the LNG Bunkering procedure, the
best practice for Methane Release mitigation is he
focused on the simplified LNG tisfer procedures

LNG Trucks
Methane release mitigation focused on truck
loading procedures (whenever truck loading

station is includedvithin the Port Area (LNG
Terminal, LNG bunker terminal)

(Reference is mostly made to the LNG Access Cod|{
the Port of Zeebrugge, ref [30])

that are already common practice.

(Reference is mostly made to the LNG Access Code to th
Port of Zeebrugge, ref [30])

’-----—--—5\ o

LNG Bunkering
Interface

Shore/ Port-Sde

I . . S . S Sy,

Ship-Sde
4

N o ——— S

LNG Fuelled Vessels (RSO)

Best practice and requirements for RSO are outsi
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 bunker Vessels and barges

Boil off Gas/LNG Vapour return systems a
here the main focus, especially taking into
account the higher LN®Iumes and
bunkering rates.

RollOver also addressed as a hazardous
LNG cargo event that may also be of
concern for LNG bunker barges and barge|

Small Scale LNG bunkering station

General best practice approach for small scale storage
safe environmenthpractice.

Best practice to be fundamentally focused on the
requirement for an environmental management system
to be in place.

Figure 3.31 LNG Bunkering i 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
filing 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.
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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 3.47 LNG Bunkering interface Figure 3.57 LNG Bunkering interface i manifold

L . ) connection
(LNG bunkering interface from 2 LNG ISO containers via
3606 hose, with no vapour r et | (LNGtrucksinsimultaneous multiple connection for LNG
bunkering)

N o vapour return i s not me an

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.

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:

Bunkering Hoses connection

Inerting (for oxygen depletion)

Purge and Cool-down with LNG Vapour
Start Bunkering transfer

Top-up

Stop Bunkering transfer

Drain Bunkering lines

Inerting (for natural gas purging)
Bunkering Hoses disconnection

©CoNor~wWNE
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Figure 3.6 1 Simplified LNG Bunkering Procedure i 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 3.37 LNG Truck i Methane release mitigating measures

LNG Bunkering/ LNG ) ) Methane Release - Risk mitigating measures
small Scale supply Potential release scenario

chain Technical Operational
Duringfilling, onsite, at small scale LNG A LNG spraying possibility to cool

storage installation. Release of LNG vapour LNG vapour on top of the tank.
may occur if no adequate BOG management | 4 | NGtrucks to be fitted with

A Monitor Pressure and
Temperature

A Top and Bottom filling

LNG Trucks

j scheme/ system isimplemented. economizer
1 Holding time in the LNGtruck trailer tankis | A Adequate insulation to increase A Plan to avoid waiting times while
limited. Asthe LNG ages inside, BOG holding time. loaded

generates and increases pressure . Release
of LNG vapour may occur if MARVSIs
exceeded. PRV will open to relief pressure.

A Limit the use of single-walled LNG
trailer trucks

(Loading) A LNG spraying possibility to cool
LNG vapour on top of the tank.
If the tank is not in Cold condition (BOG A Provide technical meansto cool- | A Plan for LNGloadingin cold
temperature <120°C) filling with new LNG down with own LNG or Inert Gas/ condition (either LNG or Nitrogen)
will generate excessive BOG. Nitrogen A Avoid waiting times in warmer
Release of LNG vapour may occur if MARVS tank temperatures.
is exceeded. PRV will open to relief
pressure.
Flling-rate should be adequate above 90% A LNGtank levels monitot A Agree on adequate plan for top-
filling, for top-up of the LNGtankin the A ; up filling to avoid over-pressure in
trailer truck 2 xe pr:Iss:irlﬁ mo;lltor trol vapour side and MARVS
- lequate filling rate control exceedance.
Inadequate filling rate for the top-up may f g
result in LNGtruck overfilling rsrt1§tqhan|5m at INGtruckfilling
ion

LNG Trucks For bunkering transfer LNG trucks can use A LNG pressure monitor A Adequate operating procedure
pressure-buil-up unitsto transfer INGto RO | 4 | NG regulator before pressure for LNGtransfer by pressure
by increase in Vapour pressure on top of the build-up unit build-up
tank. '

m If MARVSpressure is exceeded during

pressure build-up PRV valve will open to
relief pressure.

—

Malfunction and alarm conditionswill lead to | A Fully compatible ESDtobeused | A Adequate proceduresto be in

(Off-loading - ED actuation in RO between LNGtank truck and place to avoid excessive BOG
Bunkering) If ED not fully compatibe with LINGtruck | A Adequate pressure monitoring to generation and methane release,

system there is the risk that following the following bunkering stop.

RO bunkering valve is shut pressure will
build-up in the bunkering line (and in the after bunkering has been ESD-
truck LNGtank). stopped.

Release of LNG vapour may occur if MARVS | A Include back-pressure regulator

is exceeded. PRV will open to relief into the circuit (regulated above

pressure. operating pressure and below
MARVS

ensure no excess BOGis
generated in the LNGtruck tank

During LNG bunkering, if receiving tank is
warmer there will be excessive BOG
generation. If Truck receivesreturn LNG
vapour thiswill result in pressure increase in
the truck tank.

Release of LNG vapour may occur if MARVS
is exceeded. PRV will open to relief
pressure.

A Proper tank equalization needsto | A Ensure adequate pre-bunkering
be ensured prior to LNGfuel proceduresto be followed by BFO
transfer. and R0.

A Qool-down of receiving tank and A Condition prior to bunkering to be
bunkering lines needsto be carefully checked.
ensured with the minimum LNG
vapour possible.

If draining/ purging/inerting procedure isnot | A Gas measurement to be
adequately performed there is the possibility performed before hose is

that some LNG/ NG will remain in the disconnected.

bunkering line. A | ZRENG Ry 276, £ 5 LS
Release of LNG vapour may occur if where LNG can lay arrested.
bunkering hoses are disconnected with
NG/ NGstill in some point of the line.

A Ensure draining is effective.

A Check for the existence of
exterior ice cap (asan indicator
for the presence of LNGinside the
line) ¢ heat up with water.

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).

75



EMSA Guidance on LNG Bunkering to Port Authorities/Administrations / European Maritime Safety Agency

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 i 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 7 Small LNG bunker vessel i AGA Seagas Figure 3.817 LNG Bunkering vessel i SKANGASS

LNG bunkering vessel, with a capacity of 187m3 and no vapour Coralius

return. In a case of pressure tank to pressure tank bunkering this With a significantly higher capacity (of 5,800m3) of LNG,
particular situation will inevitably require a careful bunkering higher bunkering transfer rates, and longer periods of
procedure, and the ability of the receiving vessel to manage the LNG storage onboard, vapour management options are
LNG vapour generated in the operation. 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-liguefaction 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 3.47 LNG Bunker vessel/barge i Methane release mitigating measures

LNG Bunkering/ LNG small
Scale supply chain

Potential release scenario

Methane Release - Risk mitigating measures

Technical

Operational

LNG bunker vessels/ barges

i

(LNG vessel/ barge filling
operation in small-scale LNG
storage facility)

If the tank is not in Cold condition (BOG
temperature <120°Q filling with new LNG
will generate excessive BOG.

Release of LNG vapour may occur if MARVS

is exceeded. PRV will open to relief
pressure.

A Provide technical meansto cool-
down with own LNGor Inert Gas/
Nitrogen

A Cool-down with nitrogen plant or
own LNG vapour.

A Plan for LNGloadingin cold
condition (either LNG or Nitrogen)

A Avoid waiting timesin warmer
tank temperatures.

During LNG loading, at higher rates, if vapour
pressure isnot 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.

A Adequate monitor for LNGtank
vapour pressure.
A Communications and ESD high-

pressure actuation for last
resource.

A Top-bottom filling of LNGfuel
cargo tank to allow cool-down of
top vapour side of the tank.

If the bunker barge/ vessel LNGfuel cargo
tank already contains older (aged) LNGthere
isthe possibility for stratification.

t NI OXAB PNINRIPEN I AK LS ]
excessive BOG generation.

If the bunker barge/ vessel LNG fuel cargo
tank isloaded with LNG nitrogen mixture
there will be the possibility for auto-
stratification to occur.

t NI OXAB PNINRIREN I AK LS ]
excessive BOG generation.

A Follow preventive technical
measures for detection and
prevention in SGTTO Guidance
[31]:

Guidance for the Prevention of
Rollover in LNG Ships

A Definition of clear onboard
procedures for corrective
measures once stratification is
detected.

A Follow preventive operational
measures for detection and
prevention in SGTTO Guidance
[31]:

A Guidance for the Prevention of
Rollover in LNG Ships

LNG bunker vessels/ barges

| —
L

During LNG bunkering transfer to receiving
ship, especially for large bunkering volumes,
at higher transfer rates, it is possible that
large amount of BOGis 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 isnot in Cold
condition (BOGtemperature <120°C) filling
with new LNGwill represent high rate of
vapour return.

A One, or acombination, of the
following technical measures shall
be considered to manage large
columes of LNG vapour [31]:

A Pressure accumulation,

A NG vapour re-liquefaction
system,

A 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.

A Ensure adequate pre-bunkering
proceduresto be followed by BFO
and RO.

A Qondition prior to bunkeringto be
carefully checked.

(INGbunkeringtransfer | po) o0 of LNG vapour may occur if MARVS A LNGfuel cargo cooling
operation) is exceeded. PRV will open to relief
pressure.
(bunkering with vapour — -
return) If the LNG bunkering line isexcessively long | A Minimize length of LNG bunkering | A Bunker vessel/ barge delivery
(for instance, when the delivery and lines manifold station to be as close as
receiving flanges are far apart) excessive LNG | 4 ; possible side-by-side to LNG
) X properly D) f .
vapour pressure may build-up inside the A yvﬁ%n;(\)/e?” Olsgstjraaled hose receiving vessel bunkering station
bunkeringline. i ’ A Minimization of tr
. apped volume
Vapour pressure generated in the bunkering A Wﬂm%kerm
line will return through LNG vapour return Wereosgible—q
line. Excess of LNG vapour may take MARVS |  RIRESWREre possibie
to be exceeded. PRV will open to relief
pressure.
gddrainingly pur%ing/ iggrtling proohedure isbnlot A Gas measurement to be A Ensure drainingis effective.
equately performed there isthe possibility performed before hose is A ;

that some LNG/ NG will remain in the disconnected. A eG;te;Ii(g? irotehe exgsearllnctian%ficator
bunkering line. 1 o o o x| G cap dic

. A ! @REBNIURY 2F¢ € K L3a for the presence of LNGinside the
Release of LNG vapour may occur if - where LNG can lay arrested. line) ¢ heat up with water.
bunkering hoses are disconnected with
LNG/ NG till in some point of the line.

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).
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In some cases, pressure build up is used in tanks prior to bunkering transfer instead of a pump.

LNG inventory is lower, allowing in most cases scaled safety measures and simpler safety
devices, without compromising on the overall plant safety level.

Maintenance is reduced as there are very few rotating parts and instrumentation.

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 3.91 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 7 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 7 LNG bunkering station

Artist impression of a modular small scale fixed LNG bunkering
installation
(Source: WARTSILA)
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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 wunits, smal | l oading arms or hoses are qui

found for truck loading. For LNG bunker vessels/barges typically hoses are only used if the diameter is

bel ow 8066. For 4inch and |l arger also often |l oadi

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 3.57 LNG Bunker Station i Fixed LNG bunkering onsite storage i Methane release mitigating measures
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