
 

Working together 
for a safer world 

 

 

 

 
 

Floating Storage and Regasification Units  

A report on the commercial and technical aspects of the construction and 
conversion of floating units for storage and/or regasification 

 

A Lloyd’s Register guidance document 



 

 

 
 



 

 i 

Contents 

Introduction 1 

1. LNG within the energy demand mix 3 

1.1 Demand 3 

1.2 Supply 3 

1.3 LNG pricing 4 

1.4 LNG carrier fleet 5 

1.5 Spot market growth and LNG commoditisation 5 

2. The role of FSRUs in the gas supply chain 6 

2.1 What is the role of FSRUs? 6 

2.2 Floating vs land-based LNG storage and regasification 8 

2.3 Floating units fleet 8 

2.4 Newbuilding vs conversion analysis 9 

3. Technical overview 11 

3.1 Cargo containment system 11 

3.1.1 Membrane 12 

3.1.2 Type B – Moss and SPB 13 

3.2 LNG cargo loading 14 

3.2.1 Ship to jetty to unit 14 

3.2.2 Side by side using flexible hoses 14 

3.2.3 Side by side through loading arms 15 

3.3 Power systems 15 

3.4 Regasification systems 17 

3.4.1 Closed-loop propane with seawater as heating medium 17 

3.4.2 Direct seawater vaporisers 17 

3.4.3 Closed-loop TEG/water and steam 17 

3.4.4 Closed-loop TEG/water and seawater 18 

3.4.5 Considerations for the selection of the regasification system 18 

3.5 Mooring arrangements 18 

3.5.1 At a jetty 19 

3.5.2 Single point mooring through a turret 19 

3.5.3 Single point mooring through the soft yoke system 19 

3.6 Propulsion arrangements 20 

3.6.1 Genset – DFDE 20 

3.6.2 Genset – Gas turbines 20 

3.6.3 Direct driven 21 

3.7 Floating units’ operational integration with terminals 22 



 

 ii 

3.7.1 HAZID 22 

3.7.2 HAZOP 23 

3.7.3 Navigation simulations 23 

3.7.4 QRA 24 

3.7.5 RAM 24 

4. Technical considerations for the conversion of LNG carriers to FSRUs 25 

4.1 Preparation for the conversion project 27 

4.2 Moss S/T to FSRU 27 

4.3 Considerations for membrane sloshing issues 28 

4.4 The work scope for the sloshing risk analysis 30 

4.5 Membrane S/T to FSRU 32 

4.6 Membrane DFDE to FSRU 33 

4.7 Mooring arrangements 34 

5. LNG carriers – FSRU Rules and Regulations regime 35 

5.1 Marine approach 35 

5.2 Approach for offshore units 36 

5.3 Extended dry-docking 37 

6. Conclusions 38 

Appendix 1 – FSRU HAZID/HAZOP and QRA Scheme 39 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 iii 

 
 
 
 
 
 
 
 
 





Floating Storage and Regasification Units  
A Lloyd’s Register guidance document 

Version 1.3 / June 2017 
 

 1 

Introduction 

LNG storage and regasification is the last phase in the gas supply chain before the product reaches end users in the 
power and gas grid.  
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Natural gas is extracted in a gaseous state. The gas is converted into liquid form, LNG, to reduce its volume by a 
factor of 600, thus reducing storage and transportation costs. Liquefaction is achieved at specialised liquefaction 
plants by freezing the gas to -160ºC at normal atmospheric pressure. The LNG is then transported with LNG carriers 
to its destination. At arrival, the LNG is transferred to an import terminal for storage and regasification, where it is 
converted back into its gaseous form. The gas is then used in the power or gas grid. Storage and regasification can 
take place either onshore or on floating units. 

The traditional approach to meet storage and regasification needs is through: 

− Onshore LNG import terminals and regasification plants: They require facilities to accommodate LNG 
unloading from LNG carriers and some facilitate conversion of LNG back to a gaseous state. 

− Floating storage units (FSUs) at onshore regasification plants: FSUs accommodate LNG storage 
needs and the unloading of LNG from LNG carriers. Regasification takes place onshore or at jetties, where 
the FSU is berthed.  

− Floating storage and regasification units (FSRUs): The FSRU serves both the project’s storage and 
regasification needs while also accommodating the unloading of LNG from LNG carriers. The ‘send-out’ 
gas can be transferred through a jetty or directly onshore in low-pressure gas or as compressed natural 
gas (CNG). 

There are, however, further ways in which this phase of the gas supply chain can be addressed, with assets 
classified as follows: 

− LNG carriers with regasification (LNG/RVs): These are LNG carriers with installed regasification systems. 
This approach allows the asset to operate in the gas transportation sector or to be commissioned as an 
FSRU. 

− Floating storage, regasification and power generation units (FSRPUs): These units are capable of 
storing and vaporising LNG and generating power. The send-out in this case is electricity, i.e. the unit can 
serve the power grid’s needs. 
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− Units combined with LNG bunkering: This offers the additional flexibility for any unit to serve the end 
users by engaging with LNG bunkering operations for LNG-fuelled vessels or by supplying LNG to LNG 
bunkering vessels. 

− Small-scale FSUs and/or storage barges: These are aimed at small-scale LNG supply networks and are 
engaged with LNG bunkering. 

LNG peak shaving facilities: These facilities store surplus natural gas to meet sudden spikes in demand, usually 
following extreme cold or hot weather. Such facilities can include liquefaction and regasification facilities. 

FS(R)Us are not new in the gas sector. They have been traditionally used as enablers for opening up new markets to 
LNG suppliers. Drivers that affect the approach (seaborne or land-based) adopted for bringing gas to the end 
consumers are many and need to be understood. These are project-specific and a combination of market-driven, 
technological, geopolitical and environmental factors.    

Seaborne storage and regasification through FS(R)Us is still a niche market. However, there has been significant 
recent growth, and market developments indicate further expansion and more business opportunities. This market 
evolution depends on the supply and demand developments for gas. From the supply side, this refers to 
developments in the production and liquefaction stage and developments in the transportation of seaborne LNG. 
From the demand side, it refers to the development at end consumers. 

The routes to the market for an FS(R)U have been traditionally, and still remain, through assets derived from: 

− new construction, 

− conversion of LNG carriers to floating units, 

− redeployment of existing units, and 

− regasification barges with LNG FSUs. 
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1. LNG within the energy demand mix 

To anticipate the future landscape for storage and regasification of LNG, an analysis of gas supply, 
transportation and demand is offered. This includes pricing trends for end consumers and when floating 
units can better serve the market than traditional onshore plants. 

 

1.1 Demand 

Various analyses on gas conclude that it is still the fastest-growing fossil fuel. In BP’s recently published 
2016 Energy Outlook, the following key messages were made: 

− Natural gas is to be the fastest-growing fossil fuel through till 2035, with demand growing at 1.8% pa. 

− Gas is to become the world’s second largest fuel source after oil, overtaking coal in the early 2030s. 

− LNG’s share of primary energy demand is to rise from its current 9% to 16% by 2035. 

− LNG is to overtake pipeline gas in terms of the share of total global energy mix by the 2030s. 

   

Figure 1: Gas and LNG to take increasing share of the fuel mix. Source: BP 2016 Energy Outlook, 
Base case 

 

The International Energy Agency (IEA) expresses market share outlook in quantifiable terms, stating that 
global gas trade will grow by 40% between 2014 and 2020 to over 780 bCuM. LNG is to account for over 
65% of this increase.   

 

1.2 Supply 

Gas development projects and new productions/trains expected to come on stream do not indicate any gas 
shortage even beyond 2030. On the contrary, the growth of the LNG supply (as more fields come on 
stream) is raising concern regarding an oversupply situation, where the world is unable to absorb a 
potential surplus of gas. A few key gas developments/new trains expected to come on stream include: 

− Australia: Australia Pacific, Gladstone, Gorgon, Wheatstone, Ichthys, Prelude 

− USA: Sabine Pass, Cove Point, Cameron LNG, Freeport, Corpus Christi, Magnolia LNG, Jordan Cove 
Energy Project, Elba Island, Lake Charles 

− Canada: Pacific NorthWest LNG, Woodfibre, LNG Canada, Goldboro LNG, Douglas Channel 
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− Equatorial Guinea: Fortuna LNG 

− Mozambique: Coral FLNG 

− Indonesia: Tangguh LNG 

− Malaysia  

− Russia: Yamal development project 

These fields alone are estimated to generate an additional 140 million tonnes pa of gas, making the supply 
in 2020 some 57% above the level of 2015. 

Consensus seems to be that, once these projects are all online (although there may be delays), the rate of 
growth in supply will slow. This will obviously lead to proposed projects – even at the Front-End 
Engineering Design (FEED) stage – or projects currently in the speculative phase, being put on hold until any 
offset between supply and demand settles. 

 

Figure 2: Current and planned LNG supply volumes. Source: Based on data provided in Gaslog 
Investor Presentation, June 2016  

 

Wood Mackenzie estimates that, although currently there is a large volume of spare regasification capacity, 
we will see a shortage of regasification capacity in the next five years due to the anticipated new gas that is 
to come online. Even in Europe, where the regasification capacity is only around 25% utilised, a shortage 
situation is likely to evolve, possibly because Europe is expected to be the destination of LNG (expected to 
be diverted from Asia). Of course, Europe has its own plans for alternative and cleaner sources of energy; 
gas is considered one of those sources and, therefore, development projects are supported under European 
Union (EU) funds. 

 

1.3 LNG pricing 

As many market analysts forecast, LNG prices will remain competitive against oil in the long run. The 
phenomenon of LNG becoming a low-cost energy commodity is not only desired but also the aim of both 
gas suppliers and gas consumers.  
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Shifting to cleaner sources of energy through LNG can be achieved when gas prices remain low and, 
technically, this is possible when gas supply volumes are higher than demand.   

Gas importers benefit from the wide availability of gas, which allows them to better negotiate import deals. 
This thus imposes competition among suppliers, which puts further pressure on LNG prices.  

Despite the attractiveness of these lower LNG prices, this is not the only cost that the end user has to pay. 
The end user also has to cover costs of transportation, liquefaction, distribution and regasification. 
Therefore, a shortage of regasification facilities could drive up end-user gas prices, causing LNG to lose its 
attractiveness. 

 

1.4 LNG carrier fleet 

Traditionally, LNG contracting has been linked with gas developments/new trains. Some of the recent 
contracting activities from 2011 were based on expectations of an increase in LNG demand. However, the 
gas buyers’ approach of not committing to long-term contracts has affected the utilisation of the LNG 
carrier fleet. LNG carrier spot charter rates are following suit, despite several plants resuming production. 

Low charter rates are putting pressure on the sustainability of older tonnage, and this is observed through 
the recent retirement of vessels from the LNG trading market. Despite global LNG ordering activities 
significantly slowing down, there is still an order book that will further grow the LNG fleet with modern, 
more efficient vessels up to 2025.  

Therefore, this situation in the LNG transportation sector is likely to offer business opportunities for the less 
competitive LNG carriers to provide storage and distribution services for the gas supply chain. 

 

1.5 Spot market growth and LNG commoditisation 

LNG sales are made to traders/aggregators, either on the spot market or based on medium-term/long-term 
contracts. Gas buyers favour this situation, as they do not need to be tied into long-term contracts with a 
limited number of suppliers. 

Spot LNG prices are currently lower than those in long-term gas supply contracts. Buyers are already 
renegotiating prices outside the terms of existing contracts. Sellers are positively reacting to such 
discussions in order to preserve long-term trading relationships, while considering multi-year spot sale 
contracts. 

Many gas market players are also seeking ways to reduce risks. A number of LNG regasification terminal 
developers are collaborating with buyers to share costs and spread risk. Buyers and sellers are developing 
contracts that recognise the changes in global gas markets, and are introducing clauses that allow flexibility 
for both parties – contracts that offer price, volume and destination flexibility, but that generate significant 
levels of return to justify initial investments. 
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2. The role of FSRUs in the gas supply chain 

The demand for LNG is rising as countries introduce programmes to use LNG to meet their domestic power 
requirements. Some importing countries are negotiating contracts to guarantee LNG distribution and 
delivery. For example, some of the larger importing nations have already agreed to obtain LNG from the US, 
even though the US’s supply is not yet fully on stream.  

The chart below shows that the share of LNG demand from recent/newly importing countries is to rise from 
~10% in 2015 to ~30% by 2030. It is also expected that LNG demand will come from new markets.   

 

 

Figure 3: Global LNG demand. Source:  MSI Ltd, Q1 2016, Energy Insights, March 2016 

 

2.1 What is the role of FSRUs? 

In many cases, FSUs and FSRUs have been the standard assets that enable access to LNG in new markets. 
As many of these countries do not yet have established infrastructure and may initially require low volumes 
of gas, the cost of obtaining gas through conventional infrastructure is not economical. 

According to Wood Mackenzie, between 2014 and 2017, 80% of new LNG importing countries will select 
FSRUs as the choice for their first LNG importing terminal. Wood Mackenzie goes on to estimate that the 
number of LNG importing regions will jump from 36 at the end of 2015 to 96 by 2025. 
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Figure 4: New LNG importing countries by choice for first terminal type, Source:  Based on Wood 
Mackenzie data, in Gaslog Investor Presentation, June 2016 

 

According to the US Energy Information Administration (EIA), the floating unit’s share of total regasification, 
although small, has grown from less than 1% in 2006 to 8% in 2015. Mainly to meet the initial 
regasification needs of countries, the EIA predicts that more floating units to store and vaporise LNG will be 
needed in a number of these new markets. 

 

Figure 5: Global LNG regasification capacity. Source: US IEA for onshore v floating regasification 
split, Wood Mackenzie, 2016, for future regasification capacity per region. 
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2.2 Floating vs land-based LNG storage and regasification 

Having two approaches for the storage and regasification of LNG allows flexibility for LNG importing 
projects to proceed. So far, floating units provide temporary short-term to medium-term (5 to 15 years) 
cover, only while land facilities are developed. However, as is the case in Livorno with the FSRU Toscana, 
the floating storage and regasification approach is often the long-term solution to provide gas for end 
consumers. Outlined below are the cases where (and reasons why) storage and regasification through FSUs 
and FSRUs are used: 

1. Faster-to-market trade: Floating unit projects take less time to complete and can be mobilised faster to a 
location. 

2. They offer a lighter environmental footprint.  

3. They can be used for short-term to medium-term commissions (5 to 15 years) while onshore 
regasification plants are being constructed, or to accommodate seasonal demand.   

4. They require less investment and are less cost-intensive than onshore plants. 

5. They can be deployed to supplement existing land-based capacity.  

6. They can serve in locations where there are constraints on developing land-based facilities.  

On the other hand, cases where an onshore plant is favoured are outline below: 

− Significant volumes for storage and regasified gas are in demand. 

− Land-based terminal construction is well under way. 

− Existing land facilities have been designed to meet future increases in regasification demand. 

 

2.3 Floating units fleet 

The first-ever FSRU was deployed by Exmar in 2005 in the Gulf of Mexico. Since then, there has been a 
steady rise in the fleet. Some 24 units are now in service throughout the globe, with another nine on order.     

Various predictions on the growth of the FSRU fleet expect a steady increase over the next five years, and 
the fleet will consist of a mixture of large-scale and small-scale units. 

 

Figure 6: Global FSRU demand outlook. Source: Lloyd’s Register, 2016, based on publicly 
published data.  
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This, therefore, creates the question of how such floating units can enter the market to serve storage and 
regasification demand. The routes to market for an FS(R)U can be through: 

− newbuilding, 

− conversion of LNG carriers to floating units, 

− redeployment of existing units, and 

− regasification barges with LNG FSUs. 

Choosing the right path is subjective and subject to a commercial feasibility study that considers factors 
such as delivery time, storage and regasification capacity, designation and cost and, obviously, the return 
on investment (ROI). In any case, attractive business opportunities for shipowners seeking higher returns for 
their vessels appear in this sector. 

 

2.4 Newbuilding vs conversion analysis 

Since 2010, the FSRUs constructed have been purpose-built units. Some were initially built as LNG 
regasification vessels, although they now operate as permanent FSRUs. 

Low utilisation of LNG carriers could cause a rise in the volume of conversions to floating units. Even where 
LNG carriers are employed, their day rates and contract durations are significantly lower than those of 
FSRUs. Thus, conversion still appears to be a more lucrative alternative. 

It is also expected that LNG carriers that were built in 1970/1980 and which are now laid up could be 
revived as floating unit conversion prospects.   

Shipyards – especially in China, Singapore and Dubai – with experience and with available slots can be 
locations for such work to take place.  

Without a doubt, the major Korean shipyards have huge expertise in FSRU technology developed from new 
construction projects. Whether South Korea will become the destination for the construction of floating 
units or whether some capacity (shipyard slots) will be allocated to conversions is a direction that 
developments in the global shipping market will influence. 

Around seven shipyards have experience in developing/converting FSRUs. 

  

Figure 7: Shipyards with experience in the construction or conversion of floating units 
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Three Korean shipyards have experience in the construction of new floating units, and together account for 
79% of the total number of vessels in service or on order: 

− Daewoo Shipbuilding and Marine Engineering (DSME) – This is the most experienced FSU yard, and 
accounts for 34% of the existing fleet and order book. 

− Samsung Heavy Industries (SHI) – This accounts for 24% of the existing fleet and order book.  

− Hyundai Heavy Industries (HHI) – This accounts for 21% of the existing fleet and order book.  

Shipyards with experience in LNG carrier conversions to floating units are:  

− Keppel Shipyard in Singapore 

− Jurong Shipyard in Singapore 

− Drydocks World in Dubai 

The Wison shipyard in Nantong, China, is expected to deliver a 25,000 cbm barge-based FSRU later this 
year. 

 

Figure 8: Global FSRU fleet and orders Source: Lloyd’s Register, 2016, based on publicly published 
data.  
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3. Technical overview 

As mentioned in the earlier sections of this report, the different ways to market floating units (newbuilding 
or conversion), the units’ designations (FSUs, FSRUs or LNG/RVs), and the areas of operation affect the 
selection of the main equipment and the units’ technical specifications. In this section, we describe the 
status of different technologies and how these can be applied for such assets. In the following sections, an 
analysis is offered on the following aspects, and includes Lloyd’s Register (LR) views based developed over 
the years and on own experience: 

1. cargo containment system 

2. cargo handling 

3. cargo loading 

4. power systems 

5. propulsion 

6. mooring arrangements 

7. regasification 

8. integration with terminal 

 

Figure 9: Courtesy of Höegh LNG 

 

3.1 Cargo containment system 

Storage of LNG in cryogenic conditions is a key element that allows LNG imports. For both land-based and 
seaborne gas terminals, it remains one of the most expensive components of the project. The technology to 
effectively store LNG in cryogenic conditions requires knowledge and expertise, and few companies serve 
this market. Similar to LNG carriers, there are two kinds of cargo containment systems that could be used 
for floating units: membrane systems and independent tanks. 
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3.1.1 Membrane 
In a membrane system, the LNG is stored at a temperature of -163°C for a cargo density of 0.470 to 0.500 
tonnes per cubic metre and in atmospheric conditions. It is common for the system’s pressure to be 
increased to 0.7 bar when the unit is an FSRU.   

Most of the known membrane containment systems are provided by Gaztransport & Technigaz (GTT), with 
their various versions of the NO and MARK family products applied on FSUs.  

Of special attention for membrane LNG carriers and floating units is the assessment for sloshing and the 
ways in which partial filling can be achieved (even at the typical barred levels of LNG carriers) through 
ascertaining the sloshing intensity and a combination of strengthening the containment system and/or 
reducing the operational (sloshing) loads. 

In recent years, Korean shipbuilders and KOGAS have developed their own membrane cargo containment 
systems, with KC-1 chosen for LNG carrier application. The table below summarises these different 
containment system technologies (as approved by LR status to date) and our views on the floating units’ 
applications. 

Containment 
system 

Design approval status Notes on FS(R)U application 

GTT NO88 Project application Applied on two storage unit conversions. 

GTT NO96 Project application Applied on 12 FSRUs, either built or converted. 

GTT NO96 
L03 

GApp on March 2014 Can apply on floating units when increased strength 
and better boil-off rate (BOR) performance is required. 

GTT NO96 
L03+ 

AiP on July 2015 Further reductions in BOR. Application on floating units 
as per GTT NO96 L03. 

GTT MARK 
III 

Project application Applied on 11 FSRUs, either built or converted. 

Gazprom FSRU to LR Class under construction. 

SHELL FLNG to LR Class. 

GTT MARK 
III Flex 

GApp on November 2013 
and project application 

Applied on the construction of two FSRUs. 

GTT MARK 
III Flex HD 
Foam 

AiP on September 2011  

GApp September 2016 
(expected) 

Enhanced performance on sloshing impact loads. 
Suitable for units with large LNG tanks.  

GTT MARK V GApp on October 2015 The latest MARK version of GTT. Can apply on floating 
units due to enhanced BOR and enhanced secondary 
barrier characteristics. 

KOGAS KC-1 AiP on August 2007 Applied on two LNG carriers under construction. 

HHI HC-07 GApp on May 2009 No application yet on LNG carriers and/or floating units. 

SHI KCS AiP in March 2013 
(previously called ‘SCA-
WS’ – design evolved to 
now be called ‘KC-S’) 

No known application. Can be considered on new units. 

DSME DCS16 GApp on March 2016 No known application. Can be considered on new units. 

DSME 
SOLIDUS 

AiP on October 2015 No known application. Can be considered on new units. 

Table 1: Status of membrane cargo containment systems 
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3.1.2 Type B – Moss and SPB 
Among the independent tanks listed in 
the International Gas Code (IGC), Type B 
is primarily preferred on large-scale 
floating units.  

Moss Type B has been seen on floating 
units. This technology is well established 
with a very good track record and 
service experience on LNG carriers 
constructed with spherical, independent 
tanks of either aluminium or 9% nickel 
steel, allowing for unrestricted operation 
alongside cargo tank filling limits.  

Courtesy of Mitsubishi Heavy Industries, Ltd of “Sayaringo 
STaGE” design 

Most Moss Type B aluminium FSRUs are conversions of relatively old steam turbine conventional LNG 
carriers. Despite some constraints regarding deck space for additional equipment and less cargo carrying 
capacity due to added lightweight, such units have been converted and are operating successfully as FSRUs. 

The latest design developments for gas carriers with Moss Type B technology are known as ‘Sayaendo’ and 
‘Sayaringo’. Although FS(R)U projects of this design have not been seen yet, the technology offers:  

1. increased cargo capacity via stretched tanks 

2. reduced hull weight and compact design 

3. lower fuel consumption 

4. low BOR 

5. lower maintenance costs 

6. highly versatile cargo capacity 

7. compact design, comparable to a typical 147,000-cubic-metre carrier 

8. environmental performance 

 

Based on the experiences of carrying 
liquefied petroleum gas (LPG) cargoes 
through prismatic independent tanks, 
the SPB technology can be considered 
an alternative to Type B for FSUs. Tanks 
are arranged independent of the inner 
hull structure, being supported and held 
in place by a system of supports, anti-roll, 
anti-pitching/collision and anti-flotation 
chocks. There is sufficient space 
between the tank and the inner hull to 
fit the insulation and permit access and 
movement around the outside of the 
tank. 

 Figure 9: FSRU with SPB tanks designed by SENER. 
Concept approval by LR. Courtesy of SENER 
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The tanks are constructed with primary and secondary members in a broadly similar arrangement to the 
ship’s hull structure. The insulation forms a spray shield similar to Moss tanks, although, with SPB tanks, 
there should be drip trays for support to deal with leakage wherever it may occur in the tank.  

 

3.2 LNG cargo loading 

Liquefied gas cargo transfers from a shuttle LNG carrier to the floating unit can take place either side by 
side, through a jetty, or in tandem. The transfer system can either be through loading arms or flexible hoses. 
For the adoption of the transfer system, the following general issues must be considered: 

− application of proven offshore systems and components 

− ability to monitor and manage relative movements between the two vessels and the velocity of drift of 
the shuttle tanker 

− reliability of control equipment (logic control systems and hydraulic drive systems) 

− enhanced emergency release system  

− optimum access to all system parts for inspection and maintenance 

 

3.2.1 Ship to jetty to unit 
This approach allows the transfer of LNG 
from an LNG carrier to take place 
through a jetty to the FSRU. The jetty is 
provided with fixed loading arms 
connected to the LNG carrier’s manifold 
to unload the LNG, and with fixed 
loading arms connected to the floating 
unit to load and store the LNG. When 
the unit is provided with a regasification 
plant – and is thus considered an FSRU – 
natural gas is sent through the jetty’s 
piping. Alternatively, when the 
regasification plant is on the jetty, LNG 
will be transferred from the unit to the 
regasification plant on the jetty. This unit 
is therefore considered an FSU. 

LR has been involved in these kinds of jobs with the Petrobras Gas & Energy Project. The scope of this 
project is to provide an LNG flexible terminal that uses existing LNG/CNG offloading facilities, a new 
jetty/berthing facility and a subsea gas pipeline. The terminal will enable long-term regasification operations 
and CNG exports through the use of a dedicated regasification vessel berthed at the jetty and receiving 
LNG cargo via ship to ship (STS) from shuttle LNG carriers. The terminal is expected to operate with two 
different types of regasification ships. LR has carried out a similar scope of work with Argentinean projects.  

 

3.2.2 Side by side using flexible hoses 
This has been a common approach for LNG transfers and takes place through double-banking between the 
LNG carrier and the FSRU.   
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Although the hoses used in the STS 
transfers are outside the scope of 
classification, the method, procedure, 
operational limitations and design of the 
ship that carries out STS transfers are 
within the LR Rule requirements.  

The types of hoses that are approved to 
be used in such transfers have been 
provided by LR: 

− LNG hoses by BPP Technical Services 
Ltd 

− LNG hoses by Gutteling 

 

3.2.3 Side by side through loading arms 
Fixed loading arms have been used in the case of FSRUs, such 
as in the case of FSRU Toscana in Livorno, Italy, and FSRU 
Nusantara Regas Satu in Indonesia. This method is typically 
preferred when the floating unit uses a mooring turret 
system or a mooring dolphin and a breasting dolphin. The 
LNG loading arms normally seen can be fully balanced in all 
positions and are designed to allow the structure to absorb 
mechanical stresses. Thus, it limits the stresses borne by the 
LNG piping. The following areas need to be considered: 

1. cryogenic pipe diameters 

2. working pressure and working temperature 

3. range of the operating envelope as determined by 
changes in freeboard and local environmental loads 

4. powered operation with fixed or remote control units 

5. quick connect/disconnect coupling (QCDC) 

6. emergency release system (ERS) 

 

3.3 Power systems 

The power generation requirements for floating units begin at just above 1,500 kW and can go up to 
40,000 kW. This depends on the power consumers and the unit’s designation. Table 2 below offers general 
power generation specifications for different units. It can be seen that non-propelled storage units’ (FSUs’) 
load requirements are typically below 8.0 MW, while, for propelled units and depending on the technology 
selected, the power requirements will be around 25 MW. Load requirements increase further when 
regasification equipment is installed and when dynamic positioning is specified for the unit’s mooring 
system. 
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Cargo 
carrying 
capacity 
(cubic metres) 

Designation Propulsion 
type 

No. of 
Screws 

Engines Total 
generated 
power (‘000) 

112–332,000 

26,000 

FSU Non-propelled - 2 to 6 aux engines 1.6–7.0 kW 

Small FSRU Non-propelled - Unknown Unknown 

 Direct driven   n/a 

120–376,000 

44–330,000 

FSU Steam turbine 1 1 steam turbine 26–33 kW 

FSU Direct driven 1 to 2 1 to 2 two-stroke 
engines and 3 aux 
engines 

8–36.4 kW 

Table 2: FSU’s and FSRU’s power requirements 

 

The electrical services required to maintain the unit at its normal operational condition also consider that 
some equipment – for example, the main cargo pumps – will not be at full load during regasification. These 
scenarios are addressed at the design stage, reflected in the electric load analysis, and appraised by LR. 

Generated power for LNG carriers is described in Table 3. Mostly, the power requirement for the ship’s 
propulsion system is key to deriving the required generated power. Recent LNG carriers using high-pressure 
two-stroke dual-fuel engines may require additional power to be generated (even 20 MW) for the 
requirements of the fuel gas system.  

In general, however, it can be seen that the power requirements of a floating unit – propelled and 
equipped with a regasification plant with added features for dynamic positioning and manoeuvrability – are 
similar to most common LNG carriers (steam turbine, dual-fuel diesel electric (DFDE), dual-fuel direct driven) 
of similar sizes.  

Cargo 
carrying 
capacity 
(cubic metres) 

Cargo tanks Propulsion 
type 

No. of 
Screws 

Engines Total 
generated 
power (‘000) 

125–150,000 4 Steam turbine 1 2 to 4 aux engines 
dual-fuel 

4.0–10.0 

Diesel electric 1 4 to 6 DFDEs 39.0 

Direct driven   n/a 

150–180,000 

 

4 Steam turbine 1 3 to 5 aux engines 
dual-fuel 

7.0–15.0  

Diesel electric 1 or 2 4 to 6 DFDEs 26.0–62.0  

Direct driven 1 or 2 4 aux engines 
dual-fuel 

12.0–15.0  

>200,000 

 

5 Steam turbine   n/a 

Diesel electric   n/a 

Direct driven 2 4 to 5 aux oil 
engines  

12.5–16.0 

Table 3: LNG carriers’ power characteristics 
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3.4 Regasification systems 

Floating units that are engaged for send-out gas – and are designated as FSRU, LNG/RV or FSRPU – are 
equipped with regasification plants. The plant’s specification and capacity is derived from both the unit’s 
characteristics and the gas-receiving terminal’s requirements. LR has performed project-specific feasibility 
studies for the selection of the appropriate plant. The approach is holistic, covering technical and 
environmental aspects, as well as high-level commercial impact.  

Regasification systems fall under the following categories: 

− direct open-loop seawater vaporisers 

− direct closed-loop steam vaporisers 

− closed-loop refrigeration using propane and seawater as heating mediums 

− closed-loop refrigeration using triethylene glycol (TEG) or water and steam as the heating mediums 

While the vaporiser is the main part of the regasification system, if the gas is being pumped or supplied 
directly to the shore-side distribution network, other process applications may also be required. These 
include injection of a stenching agent and dehumidification or blending to ensure a constant calorific value. 
The quality and volume of the gas being supplied would also require monitoring and recording. 

 

3.4.1 Closed-loop propane with seawater as heating medium 
With a closed-loop regasification system using 
propane, the LNG is warmed by propane from -
162oC up to -10oC before the vapour product is 
superheated to 5o to 7oC. The liquid propane is 
pumped around the refrigeration loop. The 
pressure in the discharge of the propane pumps is 
approximately 4.7 bar. The temperature of the 
vaporising propane at this pressure is approximately 
0oC. After warming the LNG, the propane is sent 
back to the propane tank at a temperature of -5oC. 

 

3.4.2 Direct seawater vaporisers 
This is the simplest of all the regasification systems, 
as it involves only one heat exchange process and 
one set of pumps in addition to the LNG supply 
pumps. The seawater is raised to the required 
pressure by a set of seawater lift pumps and used 
as the heat sink for the LNG at -162oC. Onshore, 
traditionally, open rack vaporisers have been used. Offshore/ship service, fully welded shell and tube heat 
exchangers constructed from titanium or AL-6XN would be required. The seawater piping would be 
constructed from 22% duplex stainless steel. After warming the LNG, the seawater is dumped overboard. 

 

3.4.3 Closed-loop TEG/water and steam 
The LNG is warmed up to the required send-out temperature by a mixture of TEG and fresh water – 
normally 35% TEG at a temperature of 90oC. The TEG–fresh water mixture is allowed to cool to 30oC 
before being rewarmed by steam. The TEG is pumped around the system with a centrifugal pump. Steam is 
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supplied at a pressure of approximately 23 barg and is superheated to approximately 30oC. After warming 
the TEG–fresh water mixture in the shell and tube heat exchanger, the steam is returned as sub-cooled 
condensate.  

The printed circuit heat exchanger (PCHE) is 
normally constructed from 316L SS, and the shell 
and tube from carbon steel. The shell would be 
given a corrosion allowance, typically 3 mm, as 
would the TEG pumps. The TEG centrifugal pump 
impellers are constructed from stainless steel. This 
type of system can be used when seawater 
temperatures are too cold or if local environmental 
regulations prohibit the use of seawater for this 
purpose. 

 

3.4.4 Closed-loop TEG/water and seawater 
The LNG is warmed up to the required send-out 
temperature by a mixture of TEG and fresh water, 
as with the closed-loop TEG/water and steam 
system. The heating medium for the TEG–fresh 
water mixture is seawater. The main PCHE 
warming the LNG is constructed from 316 SS, and 
the seawater and TEG/water shell and tube 
exchanger must be constructed from a corrosion-
resistant alloy such as 22% chromium super 
duplex stainless steel, as shown in the figure here. 

 

3.4.5  Considerations for the selection of the regasification system 
Every described system offers advantages and limitations when matched with the project’s regasification 
requirements. There is no single, correct option. Thus, other commercial and operational characteristics 
need to be considered, as well as how the system can operate efficiently on board the floating unit. LR has 
performed a number of comparative studies on the different solutions, which consider the specific 
operation requirements for the FSRU system weights and the footprints of the different equipment (which 
is important in an LNG carrier conversion to an FSRU).  

There are other, alternative refrigerants that can be used in regasification systems. These could be pure 
hydrocarbons or more complex hydrocarbons; however, a good refrigerant is preferably non-toxic, non-
flammable, non-corrosive, with a boiling point below the target refrigeration temperature, with high latent 
heat of vaporisation, with high density when a vapour, and with high specific heat capacity.  

 

3.5 Mooring arrangements 
The storage and regasification terminal model will dictate the appropriate mooring arrangements and 
fittings required on the floating unit. The method by which the LNG will be unloaded to the floating unit 
must be considered, as must the way in which the send-out (LNG in the case of FSU, and gas in case of 
FSRU) will be exported from the unit to the terminal. Typically, units are moored to a jetty at the terminal or 
by using a single point mooring through a turret. The design of these mooring arrangements depends on 
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many factors, primarily the depth of water and the effects of the wind and current. A few typical 
arrangements for floating units are described in the following sections. 

 

3.5.1 At a jetty 
Depending on the design and construction of the jetty provided by the terminal, a floating unit is berthed 
alongside and may be combined with mooring dolphins. The jetty, acting as a sea-island, may require 
double-banking between the floating unit and the LNG shuttle vessel.  

  

 

3.5.2 Single point mooring through a turret 
In the case of turret systems, the LNG shuttle 
vessels unload their cargo to the floating unit 
side by side. The design and construction of 
such systems allow the floating unit to rotate 
360o freely through a swivel bearing even 
with an LNG carrier double-banked at the 
unit while the send-out gas from the 
regasification plant is sent through the turret 
via subsea pipes. Turrets can be external or 
internal structures to the floating unit.  

Particular attention should be given to the 
design of critical interfaces. The scantlings of 
the turret structure (internal/external) and 
the hull integration of the mooring support structure should be evaluated in accordance with applicable 
requirements. The efficient free operation of all bearings in the mooring system is of paramount 
importance to the integrity of the complete design.  

 

3.5.3 Single point mooring through the soft yoke system 
Here, the floating unit is connected to the tower system 
through a yoke arm with pitch and roll joints. The system 
is designed with the capability to adapt to weather 
directionality, and includes a ballast tank to provide 
necessary restoring force, creating a system that is more 
efficient. The soft yoke mooring system includes a swivel 
stack and is suitable for shallow waters. The LNG shuttle 
tanker unloads LNG to the floating unit via side-by-side 
transfer.  
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3.6 Propulsion arrangements 

The ability of floating units to use cargo LNG as fuel is a common feature, as this offers the ability to 
manage boil-off gas (BOG) even on units with regasification plants at times when the plant is not operating.   

Compliance with Emission Control Area (ECA) sulphur oxides (SOX) and nitrogen oxides (NOX) requirements 
for such units also needs to be considered if the unit is required to operate in these areas. Therefore, 
suitable considerations for dual-fuel technologies similar to LNG carriers should be made. 

Experience shows that, in the FSRU sector, direct driven two-stroke technology has not made a strong 
appearance as in the LNG carrier sector. The choice between a genset approach and a direct driven 
approach is dependent on the unit’s operating designation. Typically, over a 10-year period, the sailing 
periods can be 10 to 20 times less than the regasification and/or storage times. When flexibility is required 
and the asset is planned to be used as an LNG carrier or move regularly among different locations to act as 
a regasification plant, the choice of two-stroke technology can be considered.  

From a technical perspective, there are no limitations in the propulsion approach for an FSRU, and the 
possible options based on LR experience are shown below. 

 

3.6.1 Genset – DFDE 
The number and size of the engines will depend on the power requirements, as explained in section 3. 
Designs are available with either three or four engines when the service speed requirements are around 
10 knots. The size of the unit will also influence whether a single or twin skeg setup is required.    

  

 

3.6.2 Genset – Gas turbines 
The genset philosophy has been 
adapted to LNG carriers’ engine rooms 
by GE Marine with the development of 
the COGES systems. Although this 
technology has not yet been applied to 
either LNG carriers or FSUs, studies and 
the development of GE Marine solutions 
– supported by LR – indicate that this is 
an option worth considering, as it allows 
total power generation to meet the 
requirements of an FSRU while offering 
flexibility in both power generation and 
power distribution at 
sailing/manoeuvring periods and 

GE Marine Proprietary Information 
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regasification times. The system’s ability to operate in gas offers effective BOG management and can 
comply with ECA requirements for SOX and NOX emissions when operating in liquid or gas modes. 

The typical configuration of the COGES I system is shown in. Other more compact options are available, 
such as with the gas combustion unit (GCU) integrated to create backup power supply, and without the 
dual-fuel diesel generators (allowing reductions in the engine room footprint and reductions in the asset’s 
capital expenditure (CAPEX)). 

 

3.6.3 Direct driven 
Dual-fuel direct driven propulsion 
arrangements are seen in recent years 
on newly constructed LNG carriers. Their 
market share has overtaken that of DFDE 
technology on LNG carriers. MAN B&W 
Diesel A/S (with their high-pressure ME-
GI engines) and WinGD (with their RT 
and X-DF series) have been the 
propulsion choice for recent orders. 

The benefits, however, of the two-stroke 
engine approach may not be that 
obvious for floating units. The main 
driver for developing dual-fuel two-
stroke technology has been the need to 
reduce fuel consumption (and cargo, in 
the case of LNG carriers) for the vessel’s propulsion. For floating units, this may not be essential; however, it 
can remain an attractive solution for LNG/RV projects.  

The typical arrangement for a 170,000-cubic-metre LNG carrier with ME-GI propulsion is shown in the 
following figure. It also indicates that exhaust gas recirculation equipment is needed in order to achieve 
NOx Tier III compliance.  

As the ME-GI engines operate with high-pressure gas, there are higher power requirements for the gas 
supply system. This power capacity, designed into the vessel’s auxiliary power generating system, may be 
sufficient – although this is subject to a rigorous electric load analysis – to serve high-energy consumers 
operating in FSRU mode, such as the regasification plant. 

Alternative two-stroke engine technology is also offered by 
WinGD with their dual-fuel Otto-cycle engines. The technology is 
based on the RT and X engines, which are well established and 
well regarded, while the dual-fuel variant is new. The gas supply 
system is less power demanding, as the engines require gas at 
pressures typically less than 16 bar. Another benefit of the 
WinGD technology is the compliance with NOx Tier III 
requirements when in gas mode due to the Otto cycle principles.  

The need to comply with NOx Tier III requirements will depend 
on the areas of operation and the units’ contracted date. In the 
cases of LNG carrier conversions, these requirements also apply. 
Further guidance on complying with the ECA SOX and NOX 
requirements is contained in our publication, Your Options for 
Emissions Compliance, available to download at: www.lr.org/eca 

http://www.lr.org/eca
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3.7 Floating units’ operational integration with terminals  

To ensure the successful operation of the regasification business, integration between the unit and the 
terminal is essential. LR has been involved from the early stages, when the first regasification business 
model was developed by EXMAR’s and Excelerate Energy’s Energy Bridge Regasification Vessels (EBRV) over 
10 years ago. 

This integration can be achieved through a risk-based approach by performing studies in the form of: 

− Hazard Identification (HAZID) 

− Hazard and Operability (HAZOP) 

− Navigation Simulations 

− Quantified Risk Assessment (QRA) 

− Reliability, Maintainability and Maintainability (RAM)  

The exact scope of each study and how many need to be performed are derived from the storage and 
regasification model considered. This means that, in the case of FSUs where the send-out is LNG to the 
terminal facilities, the regasification aspects may only need to be studied at the terminal. In general, 
however, these studies must be performed by a team of specialists and experts in risk methodologies 
aiming to:  

− identify all hazards and critical issues related to LNG shipment, regasification operations and gas 
export,    

− quantify all potential LNG/gas releases based on credible hazard scenarios identified, and establish that 
potential risk to port facilities, near third parties, population and environment is at an acceptable level 
(ALARP),  

− establish a detailed FSRU sparing philosophy, maximising regasification/export operations to meet 
commercial project requirements, and 

− establish project compliance with appropriate international codes and standards for this type of 
installation.  

 

3.7.1 HAZID 
This study is performed to identify potential hazards and assess the provisions of the different main (LNG 
carriers, floating units, terminals and so on) and supporting (tugs and so on) assets. Generally, the areas 
addressed are: 

− approach at a port and berthing operations for the LNG carrier and the floating unit  

− location, installation and operation of the export facility (in the case of FSRUs, this is the regasification 
and gas export facility) 

− unloading LNG to the floating unit from shuttle LNG carriers 

− proposed marine facilities, layout design and piping systems to ensure the integrity of the installation 

− safeguards and port support assets  

− regulatory requirements for project compliance 

− potential failure mode scenarios  

− possible emergency response procedures 
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Such assessments aim to identify and reduce potential hazards and minimise associated risks to ‘as low as 
reasonably practicable levels’ (ALARP) as published in International Navigation Association (PIANC), Society 
of International Gas Tankers and Terminal Operators (SIGTTO) and Oil Companies International Marine 
Forum (OCIMF).  

 

3.7.2 HAZOP 
This study is normally undertaken after the HAZID. It looks at the potential hazards that can put the 
operation of the unit at risk and identifies both measures for safe isolation and operability procedures as 
inputs to operation manuals. Typically, on such projects, a HAZOP is performed that examines the gas 
export operations from the FSRU or LNG/RV vessel. A second HAZOP is performed to study the STS transfer 
operations from the LNG carrier to the unit when the unit operates in FSRU mode. The scope of such 
studies includes: 

− detailed examination of systems on a line-by-line basis, 

− assessment of the consequences of upset operations, 

− assessment of the adequacy to isolate and control (through operating procedures) potential hazards at 
all times, 

− establishment of measures to enable safe operations at all times, and 

− discussion of potential failure mode scenarios and emergency response procedures. 

 

3.7.3 Navigation simulations 
Understanding the risks associated with vessel movements, interaction with other shipping terminal layouts, 
and navigation aids can feed into further assessments, as it provides information on: 

− the maximum size of the LNG shuttle tanker approaching the terminal, 

− the maximum size of the floating unit,  

− tugs required for transit and berthing, 

− the consequences of typical failure events for LNG shuttle tanker operations, and 

− Maritime Authorities for charted navigation status. 

LR believes that simulation is the only 
viable solution. This follows the 
recommendation for simulated 
assessment given by SIGTTO in their 
guidance on terminal selection. The main 
objectives of simulation work are to 
determine: 

− the maximum size of the LNG shuttle 
tanker that can be safely operated in 
the approach fairways to the FSRU 
terminal,  

− the maximum size of the FSRU that 
can be safely moored and operated in 
the proposed site, 

− the number and size of tugs required 
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for the safe transit and berthing operation of the LNG shuttle tanker, 

− the consequences of the typical failure events for LNG shuttle tanker operations, and 

− how a full application to the Maritime Authorities for charted navigation status can be enabled. 

Such ship simulations would be carried out using a PC REMBRANDT BMT ARGOSS software-based tool that 
interacts with an electronic chart covering the approach channel and terminal area.   

The purpose of the simulations in the case of this study is not to purely determine the practicality of a ship 
manoeuvre, but also to run the manoeuvres on a risk-based approach to determine if any failure or danger 
scenarios would have safety and business loss impacts. During these manoeuvres, critical system failures on 
the ship and/or the attendant tugs would be introduced to identify the consequences of such failures. This 
would enable LR and the attendant experts to determine the appropriate controls or risk mitigation 
measures that have the capability to control a ship with a critical system failure in a safe manner. 

The above study will also establish all the means required to mark and operate a safe navigation route 
within port authority waters.  

 

3.7.4 QRA 
Using the findings of the HAZID, the navigation simulations, the HAZOP and based upon previous work 
undertaken for other regasification terminals, the scope of the QRA covers LNG transfer failures and ship 
failure events, such as:  

− LNG release  

− high-pressure gas releases  

− gas ignition resulting in fire and/or explosion  

− ship traffic (related to potential grounding or collisions) 

These failures are studied to quantify the impact to the floating unit’s and the LNG carrier’s structures, 
accommodations and personnel, as well as to third parties and terminal (jetty) facilities. 

 

3.7.5 RAM  
The principal objectives of a RAM study performed in compliance with ISO 20815 would be to: 

− address and enhance the sparing philosophy of the FSRU, 

− identify critical equipment reliability and availability issues, 

− address adequacy on specific regasification system spares (in addition to LNG carriers’ typical spares), 
and 

− address ongoing maintenance schedules and provisions. 
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4. Technical considerations for the conversion of LNG 
carriers to FSRUs  

Firstly, it is necessary to clarify that the term ‘conversion’, although often used, may not be appropriate 
when talking about LNG carriers turned into FSRUs. This process is more of a modification and installation 
of additional equipment, as the ship type remains an LNG carrier under the applicable definition of the 
SOLAS and IGC. 

The design and on-site modification are to be carried out in accordance with the applicable rules and 
regulations: 

− International Code for the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk, as 
applied to the ship at the time of her keel laying 

− Rules and Regulations for the Classification of Ships, as applied to the ship at construction  

− Rules for LNG Ships and Barges Equipped with Regasification Systems 

On completion of the installation, testing and commissioning the Class Notation +Lloyd’s RGP or 
+Lloyd’s RGP+ will be assigned.  

Additional class notations may be considered on a case-by-case basis. It is common, however, to add a 
maximum vapour pressure of 0.7 bar in the FSRU mode.  

In cases where the floating unit is intended to operate permanently at a fixed location and the propulsion 
equipment is disabled, then Part 11 of Rules and Regulations for the Classification of Offshore Units can be 
considered.  

There is no preference for the type of LNG carrier when converted into an FSRU but, typically, these are 
vessels older in age. Generally, on such a project, the three main areas to be considered (and these will be 
covered thoroughly in the following sections) are: 

− whether the FSRU will operate in a protected location where the environmental loads are considered 
practically negligible, 

− the type of cargo containment system (expected to be Moss or GTT’s membrane), and 

− the type of propulsion system (expected to be steam turbine or DFDE).  

 

There are also a number of common topics that are most probably applicable to all cases. These will need 
to be further investigated and decided upon based on the conceptual approach for the conversion, and the 
outcome to be incorporated in the ‘basics of design’ for the conversion. Some of these topics are as follows: 

1. The type of regasification system, as discussed in section 3.4, will be considered. This will also dictate 
the additional systems to be installed to cover the supply of steam, fresh water, seawater, the TEG 
system (or propane, in case the propane cycle is used), the nitrogen (N2) system, power generation, and 
so on. 

2. There should be confirmation on whether the FSRU will maintain full seagoing sailing capability. 

3. At the same time, it is expected that the FSRU will remain on station for prolonged periods without dry-
docking. Thus, arrangements have to be made to satisfy class and statutory requirements with respect 
to an extended dry-dock regime. Some of these arrangements include: an upgrade of the coating for 
the underwater section of the vessel and additional sea chest and sea connection arrangements. 

4. It will be necessary to judge the suitability of the mooring arrangements fitted on board, or decide the 
need for any additional mooring or modification of the existing arrangements.  
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5. The mooring location and arrangements must be suitable for receiving LNG feeder ships that will 
transfer the LNG they carry into the FSRU tanks.    

6. It will be necessary to assess the FSRU’s capabilities to handle the BOG generated and vapour return to 
the shuttle LNG carrier.  

7. The high-pressure send-out arm, location, support structure, and control of the arm or the CNG 
manifold and platform will need to be examined. 

8. Support arrangements for the LNG regasification units (skids) on deck will be examined. 

9. The loading and stability manual and loading instruments must be up to date. 

10. A regasification high-pressure vent mast must be installed.  

11. The gas detection system, firefighting extinguishing systems and the water spray system must be 
upgraded to cover the regasification units.  

12. The new regasification switchboard must be installed and integrated with the existing main and cargo 
switchboards. 

13. The regasification control system must be installed.  

14. Additional low-voltage and high-voltage switchboards, cabinets and applicable transformers must be 
installed.  

15. Arrangements must be provided to facilitate the transferring and access of personnel during STS 
transfer operations.  

16. The emergency shutdown (ESD) system must be upgraded to be compatible with STS operations and 
send-out operations.  

17. Fenders and STS saddles must be installed to facilitate STS operations.  

18. Additional LNG feed pumps should be installed inside cargo tanks (optional). 

19. The custody transfer system (CTS) in the cargo tanks should be installed or upgraded to provide 
additional functionalities, such as cargo density to prevent the roll-over phenomenon (optional).  

20. Additional cargo piping must be installed to supply LNG header for the regasification plant. 

21. A recondenser should be installed to deal with an excess of BOG during the regasification’s low load 
periods (optional). 

22. An additional BOG compressor should be installed to support the recondenser or the DFDE generators 
(optional). 

23. An LNG chromatograph should be installed (optional). 

24. Additional CCTV cameras must be installed for the FSRU and for the gas terminal. 

25. An odorising, metering unit for gas should be installed. This may be installed at the regasification 
terminal by the terminal operators. 

26. A gas chromatograph should be installed. This may be installed at the regasification terminal by the 
terminal operators. 

27. Subject to the shore power availability, it may be required that the FSRU be fitted with capabilities to 
supply energy/electricity to the regasification terminal for illumination, the activation of ESD and to 
power the gas arms as applicable. This is to be confirmed with the gas terminal. 
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4.1 Preparation for the conversion project 

A suitable shipyard with experience in LNG carriers and preferably with previous experience in either 
construction or conversion of such regasification vessels is ideal. 

Arrangements should be made for contracting the different risk studies and other engineering studies. In 
addition to the risk studies indicated in the FSRU HAZID/HAZOP and QRA Scheme, as shown in Appendix 1, 
it is also important to prepare documents that ensure the maintenance of the equipment fitted in the FSRU, 
both for equipment required for operation as well as for equipment that is subject to lay up. References are 
indicated in section 3.7 of this document.  

From early in the process, it is important to inform the ship’s flag administrations and involve the local port 
authorities to ensure that the deployment of the FSRU at its designated location is done to the full 
satisfaction of the regulators. There are areas, such as life-saving equipment or MARPOL discharges, where 
local authorities and the ship’s flag administrations will have particular requirements, and it will be 
fundamental to pay attention to these during the design stage of the conversion.  

A detailed conversion specification, including a detailed project execution plan, should be created for the 
conversion. It is of paramount importance to ensure the correct integration between all the new equipment 
and the equipment already fitted on board to ensure the seamless functionality of the LNG carrier when 
trading as a ship or when operating in FSRU mode at the terminal.  

Arrangements for contracting, purchasing and delivering the main equipment – such as the regasification 
plant, generator, boiler, switchboards, pumps – should be made whether it is part of the owner’s or the 
shipyard’s scope of duties.  

Arrangements for contracting, purchasing and delivering the minor equipment – such as steel material, 
chocks, valves, piping, cabling – should be made whether it is part of the owner’s or the shipyard’s scope 
of duties. 

Arrangements for the preparation of detailed engineering and production drawings should be made.  

The ‘right timing’ to carry out the conversion should be identified. This refers to the best suitable time to 
start production, bearing in mind ‘ongoing’ LNG carrier chartering arrangements, the classification survey 
cycle, shipyard availability, and equipment and suppliers’ availability.  

Subject to the age of the LNG carrier, it is recommended that additional surveys of the vessel are carried 
out. Some of these surveys could be: 

1. Condition Assessment Programme (CAP) survey  

2. Ship Life Extension Plan (SLEP) survey 

3. additional thickness measurement for boiler tubes 

4. renewal of steam piping 

5. upgrade of the boiler control system 

6. general upgrade of the Integrated Automation System 

 

4.2 Moss S/T to FSRU 

Currently, the ages of the Moss vessels under consideration for being converted to FSRUs or FSUs have 
generally exceed their newbuilding initial design lives of 20 or 25 years. However, the ships’ structures and 
cargo tanks appear to be able to operate. At the request of several owners, LR has carried out life extension 
studies for up to 40 years on several ships reaching 20 years of actual service, and these studies have 
yielded generally satisfactory results. 
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When considering the required extended service of an LNG carrier converted to an FSRU, it will be even 
more important to carry out rigorous assessment of the ship’s structure and the condition of the cargo 
tanks through the following aspects:  

− A re-assessment of scantling for longitudinal strength must be carried out based on the results of the 
condition assessment survey. 

− Fatigue Design Assessment (FDA) Levels 2 and 3, as per LR ShipRight procedures, should be carried out 
by an LR technical support office. 

− The scope of the FDA Level 3 covers aspects regarding equator connection, tank cover, inner bottom to 
hopper, longitudinal girder at centreline, longitudinal bulkhead with hopper web, cargo tank skirt with 
hopper web, cargo tank, and any other critical locations that may have been identified at the time of the 
initial design. 

− A crack propagation analysis should be carried out for the cargo tank if necessary, subject to the ship’s 
condition. In general, Moss tanks are designed with very large margins (North Atlantic waves, fatigue 
damage=0.5), while actual trading is usually much less onerous. Thus, crack assessment is not critical, 
but a non-destructive examination (NDE) for some selected locations on the tank based on the original 
analysis will need to be carried out.  

Engineering systems, subject to the type and power requirements of the regasification system, may require 
upgrading for additional generated power. It is probable that there will be need to install additional power 
generators, as the full generation capacity originally installed on the ship (two turbo generators plus one 
diesel generator with a total capacity of approximately 10,000 kW) will not be sufficient for the 
regasification plant and associated equipment. 

Additional turbo generators may need to be installed together with new vacuum condensers for the turbo 
generators. This includes all the necessary associated equipment and components for the additional turbo 
generators, such as fuel gas supply piping, steam piping, switchboards, cable control system, and 
integration with the existing power generation plant already fitted on the ship.  

Subject to space available in the existing engine room, it will be probably be necessary to arrange a new 
machinery room in the mooring aft deck of the ship.  

Last but not least, it is necessary to remember that the cargo capacity of the existing Moss ships is around 
130,000 cubic metres. Thus, when deciding the conversion of such ships to an FSRU, further operational 
considerations will be required to accommodate the regasification needs and the supply of LNG via an LNG 
carrier with suitable cargo capacity. 

 

4.3 Considerations for membrane sloshing issues  

LNG carriers provided with membrane technology for their cargo containment systems are subject to filling 
range limitations due to the potential damages to the containment by sloshing forces during sea-going 
conditions. These filling range limitations have generally been set between 10%H and 70%H (H is the 
height of the cargo tank). 

Naturally, when the LNG carrier is converted into a regasification vessel, it is expected that, during the time 
the unit is operating in FSRU mode, no filling range limitations will be imposed where the sea state can be 
considered suitable for unlimited filling ranges. This includes the time that the unit may need to be 
disconnected from the regasification terminal in the event of an emergency, until such time that the FSRU 
can reach a suitable ‘safe heaven’ location. The aforementioned situation is not only applicable to an FSRU, 
but also to the shuttle LNG carrier responsible for supplying new cargoes to the FSRU. 

To determine the above, sloshing studies are required in a risk-based approach, where the regasification 
terminal operators will need to advise operators of site-specific issues such as: 
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− anchorages, possible a ‘safe heaven’ location, 

− details of the environmental conditions, 

− timescales for disconnection and departure, and 

− any other specific issues related to the terminal, such as the possible effects of tsunamis.  

It is then the responsibility of the operator to ensure that the sloshing risks to the ships are covered. And it 
is the terminal that wants the operators to use their facilities, and thus should ensure that their facilities are 
adequate for the FSRU and for the shuttle LNG carriers.  

The aim of the HAZID and risk assessment is to identify if there are potential risks to the ship, environment 
or life as a consequence of severe sloshing damage due to emergency departures. From this, operational 
procedures for the terminal can be adapted to minimise the potential risks. 

The HAZID would identify situations where it would be necessary to depart from the terminal under 
emergency conditions or due to a forecast of severe weather; it would also predict the timescales involved. 
The timescales can be used to get the ship into the safest position with regard to sloshing, and thus are 
important. 

The locations for safe anchorage (if any), together with any limitations of when they could be used and the 
routes to the anchorage, would need to be specified.  

From this, an assessment of the environmental data for the terminal, anchorage, and route to anchorage 
can be made. The scope of this would depend on each terminal’s location and whether there are any 
unusual weather patterns. But, initially, a review based on distance to sail, wind speeds, fetch, water depth, 
coastline and so on can offer a good indication. Thus, this can be fairly cheap unless a full environmental 
study is deemed necessary. A full study would have to be provided by a specialist. LR would then review 
this data in order to assess the likely consequences and how to extract the applicable information for 
prospective sloshing studies. 

The sloshing requirements for the ship to sail within the barred fill range can then be addressed by GTT. If 
the wave data is such that no sloshing is expected, then this would be a simple task. Otherwise, the 
owners/operators may have to provide for an expensive GTT study. It would be expected that this is 
conducted in liaison with the GTT. 

With regard to the HAZID/HAZOP meeting, LR can provide an independent HAZID chairman and scribe 
(HAZID reporter) if so desired. It is important that they are independent so that there are no conflicts with 
any later classification considerations. 
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4.4 The work scope for the sloshing risk analysis 

With regard to the work scope for the assessment of the sloshing risks, the following generic procedure is 
suggested, but it will need to be further expanded on by all interested parties. 

Task 
No. 

Task Description Responsibility and 
deliverables 

1 Specification of 
the terminal 
location and its 
environment 

Description and location of the terminal, 
safe anchorage (if any) and passage to 
the safe anchorage are to be specified.  

Terminal operator 

Report for operators and 
LR 

2 Reasons for 
early departure 
of the ship from 
the terminal 

Identification of all potential events that 
lead to the requirement for an early or 
emergency departure of an LNG carrier 
from the terminal. The time available 
prior to departure is to be identified. 

Events might be related to any of the 
following: 

− environmental reason 

− ship incident 

− terminal incident  

− security incident 

A joint, interested party HAZID meeting 
might form part of this report. 

Terminal operator 

 

Report and new section 
in terminal operations 
manual. 

 

Report offers 
background information 
for LR. 

3 Review of 
terminal 
operations 
manual 

Review of terminal operator reports. 

Operators need to agree with report 
findings and the terminal operations 
manual, as they need to operate in 
accordance with this manual.  

Ship operator  

 

Agreement to conform 
to terminal operations 
manual. 

 Notes: 

The terminal operations manual may need to be updated as a consequence of the 
findings of: 

− ship operator considerations, 

− sloshing assessment, and  

− environmental assessment.  

Hence, the consequences of the particular ship-related risk may outweigh the 
consequences of the terminal risk. 

4 Early departure 
loading 
scenarios 

Prepare departure loading conditions 
that minimise the use of LNG filling 
heights within the barred fill range (in 
particular, avoiding the 15%H to 50%H 
fill heights range if at all possible) within 
the available time constraints of the 
particular event. 

Ship operator  

Report detailing early 
departure loading 
conditions and likely fill 
heights. 
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Task 
No. 

Task Description Responsibility and 
deliverables 

5 Environmental 
data for 
terminal and its 
environment 

Directional wave heights, periods, 
currents, winds, water depths, and so on 
for the terminal, safe anchorage and 
passage to safe anchorage. 

See the note below the table. 

Terminal operator 

Environmental data 
reports 

6 Review of 
environmental 
data  

Review of environmental data with 
respect to sloshing risks. 

Initial identification of whether sloshing 
risks are likely to be an issue. 

LR  

Summary environmental 
data report for GTT 

7 Assessment of 
whether further 
actions with 
regard to 
sloshing are 
required 

GTT to review summary report and 
identify whether further sloshing studies 
are needed. 

 

LR and GTT 

GTT report to confirm 
sloshing issues are not 
important or scope of 
work for further 
sloshing studies. 

If further sloshing studies are required 

8 Sloshing 
assessment 

 

Model tests for fill heights within the 
barred fill range. Assessment of the 
cargo containment system to sloshing 
pressure results. 

 

LR to review and approve GTT report. 

GTT 

Report for class 

Report for operator 

LR approval for limited 
operation with fill levels 
within the barred fill 
range at this terminal 
location. 

9 Pump tower 
assessment 

Pump tower strength assessment for 
sloshing loads due to LNG filling heights 
within the barred fill range. 

LR to review and approve GTT report. 

GTT 

Report for class 

Report for operator 

LR approval for limited 
operation with fill levels 
within the barred fill 
range at this terminal 
location. 

10 Downtime 
assessment 

 

Using the sloshing reports and 
environmental data to identify what the 
constraints are on the terminal/ship 
system and to estimate terminal 
availability. 

Consultancy  

LR could offer this 
service. 

Scope to be identified 
after task 5 (or 6 if a 
sloshing study is 
required) has been 
completed. 

11 Terminal 
operations 
manual 

Update the terminal operations manual 
for this particular ship as a consequence 
of the above studies. 

Terminal operator and 
ship operator 
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Alternative possible options for tasks 5 and 6: 

The reason for going down this route is that it would be much cheaper and quicker than commissioning a 
full environmental data analysis from a specialist company. 

Task 
No. 

Task Description Responsibility and 
deliverables 

5a Environmental 
data for 
terminal and its 
environment 

A simplified assessment of the wave 
environment for the location of safe 
anchorage and the passage to safe 
anchorage can be made based on the 
following: 

− existing terminal environmental 
report 

− knowledge of the location of safe 
anchorage and passage to safe 
anchorage (water depth, fetch, 
predominant wind directions and 
strengths, coastal features) 

− environmental data from other 
sources found from the web and 
publications (this could include wind 
speeds from airports and offshore 
wave buoys) 

Consultancy 

LR could offer this 
service. 

Report on the estimated 
wave conditions at safe 
anchorage and passage 
to anchorage applicable 
for sloshing purposes for 
GTT and other parties. 

 

6a Review of 
environmental 
data  

Review of environmental data with 
respect to sloshing risks. 

Initial identification of whether sloshing 
risks are likely to be an issue. 

LR  

Summary report and 
assessment of whether a 
sloshing study is 
necessary. 

 Note: 

The results of this study indicate that sloshing may be an issue. At this stage, it may be 
necessary to undertake the original tasks 4 and 5 using a specialist environmental data 
analysis company. 

Note: The above scope of work is designed for cargo containment systems designed by GTT SA. 

 

4.5 Membrane S/T to FSRU 

When considering the required extended service of an LNG carrier converted to an FSRU, it will be 
important to carry out an exhaustive assessment of the ship’s structure and condition of the cargo 
containment system. As the cargo containment system is supported by the ship’s structure, it is 
recommended that the possibility of the reduction of the ship structure’s fatigue life be analysed due to the 
new loading and unloading cycles. 

Considering the above, the following analysis can be considered for ship’s life extension: 

− re-assessment of scantling for longitudinal strength based on results of the condition assessment survey 

− FDA Levels 2 and 3 by the LR technical support office (as part of LR ShipRight procedures) 

The condition verification of the cargo containment system will be to the same extent as those conducted 
in order to fulfil statutory and classification requirements during periodical surveys.  
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The current fatigue design life of an existing membrane cargo containment system is established as 40 
years. If the conversion and use of an LNG carrier as an FSRU is expected to exceed the total number of 40 
years in service, then it is recommended that the cargo containment designer is consulted in advance, 
especially if an extended survey regime for the cargo tanks is intended.  

Subject to the type of regasification system and the additional power demand of the regasification system, 
there is most probably a need to install additional power generators, as the full generation capacity 
originally installed on the ship (two turbo generators plus one diesel generator with total capacity of 
approximately 10,000 kW) will not be sufficient for the regasification plant and associated equipment.  

Thus, it is recommended that similar machinery considerations as indicated in section 4.2 on Moss S/T ships 
need to be investigated when designing the conversion of the membrane S/T ship to an FSRU.  

 

4.6 Membrane DFDE to FSRU 

At present, the average age of the LNG carrier membrane DFDE fleet is very low. Additionally, the initial 
structural design of the ships has been done with enhanced computer fatigue software and finite element 
modelling (FEM), which, in principle, provides sufficient confidence to initially consider that there is no need 
to carry out an extensive design evaluation of the structure if considering the conversion of this type of LNG 
carrier to an FSRU.  

Similarly, the condition of the cargo containment system is expected to have not deteriorated during the 
short time in service, and the initial intended service life of the FSRU at the dedicated location will probably 
not exceed the 40 years’ fatigue life with which the cargo containment system has been designed.  

An advantage for the conversion would be if the ship’s cargo containment system was provided with 
enhanced reinforcements during the newbuilding to prevent sloshing damages. (These kinds of 
enhancements are not available for older ships.) 

Subject to the type of regasification system and additional power demand of this system, there is most 
probably no need to install any additional generator (DFDE), as the full generation capacity originally 
installed on the ship (approximately between 33,500 and 38,500 kW) will be available for the regasification 
plant and associated equipment. 

However, one important aspect to consider from a machinery engineering point of view for the conversion 
of these ships is their capacity to handle an excess of BOG generated during STS operations. At the time of 
newbuilding, the capacity of the GCU shall be capable of handling the maximum natural BOG generated 
on board. But when the LNG carrier operates as an FSRU, it will need to manage the BOG generated during 
STS operations. Therefore, additional studies are required to evaluate the maximum BOG and to define 
how the FSRU will manage it.  

To resolve this matter, the ship’s structure and cargo containment system should be re-evaluated for the 
assignment of a higher maximum vapour pressure up to 0.7 bar when the unit is operating as an FSRU. 
Additionally, a means to oxidise (burn) the excess of vapour should be installed.  

As the unit will also need additional steam capacity to deal with the heat demand generated by the 
regasification plant, a ‘regasification boiler’ will most probably be required on board.  

To support the regasification boiler, all necessary associated equipment and components for the additional 
boiler should be fitted on board (such as fuel gas supply piping, steam piping, switchboard and cable 
control systems). Additionally, integration with the existing steam generation plant already fitted on the 
ship should be ensured.  

Subject to the space available in the existing engine room, it will probably be necessary to arrange a new 
boiler room in the mooring aft deck of the ship. 
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The regasification boiler will be able to cope with the unusual condition of low regasification 
demand/supply to burn the excess BOG.  

Another alternative is the installation of a BOG condenser, as indicated at the beginning of this section.  

 

4.7 Mooring arrangements 

The mooring arrangements of the FSRU will need to be adapted to the regasification terminal berthing 
arrangements, depending on whether these are suitable to having both the FSRU and the shuttle ship 
berthed independently or whether the shuttle LNG carrier is to be double-banked to the FSRU.  

When double-banked berthing is arranged, additional fenders will be required.  

The FSRU may also be provided with hydraulic quick release hooks to facilitate emergency disconnection. 
The capstan and winches are also generally provided with automatic adjustable tension loads.  

Certain regasification terminals may need the FSRU to be provided with a turret mooring arrangement. The 
turret will be equipped with a turntable that allows a 360º swivel. The shuttle LNG carrier will need to be 
double-banked to the FSRU and, therefore, the structural design of the turret will have to accommodate 
the load imposed by both ships in continuous rotation. 
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5. LNG carriers – FSRU Rules and Regulations regime 

5.1 Marine approach 

The introduction of the revised IGC has brought regasification vessels into the regulatory scheme. The 
current IGC requires that: 

“1.1.10 When a ship is intended to operate for periods at a fixed location in a re-gasification and gas 
discharge mode or a gas receiving, processing, liquefaction and storage mode, the Administration and port 
Administrations involved in the operation shall take appropriate steps to ensure implementation of the 
provisions of the Code as are applicable to the proposed arrangements. Furthermore, additional 
requirements shall be established based on the principles of the Code as well as recognized standards that 
address specific risks not envisaged by it. Such risks may include, but not be limited to: 

.1 fire and explosion; 

.2 evacuation; 

.3 extension of hazardous areas; 

.4 pressurized gas discharge to shore; 

.5 high-pressure gas venting; 

.6 process upset conditions; 

.7 storage and handling of flammable refrigerants; 

.8 continuous presence of liquid and vapour cargo outside the cargo containment system; 

.9 tank over-pressure and under-pressure; 

.10 ship-to-ship transfer of liquid cargo; and 

.11 collision risk during berthing manoeuvres.” 

LR Regasification Rules are in line with the above requirements, and the assignment of the classification 
notation “|Lloyd’s RGP” demonstrate compliance with IGC requirements.  

LR recommended class notation for a newbuild LNG carrier FSRU: 

|100A1 Liquefied Gas Tanker, Ship Type 2G, Methane (LNG) in membrane tanks, Maximum 
Vapour Pressure in LNG carrier mode 0.35 bar, Maximum Vapour Pressure in FSRU mode 0.7 bar, 
Minimum cargo temperature -163°C, APBU, ShipRight (SDA, FDA Plus (40, WW), ACS(B), CM).  

*IWS, LI, ECO (BWT) 

|LMC, UMS 

|Lloyd’s RGP 

with Descriptive Notes “ShipRight (BWMP(T), SERS, SCM)” 

 

Some of the benefits of the above classification notations include: 

− double maximum vapour pressure, which is adjustable depending on whether the ship is operating as a 
conventional LNG carrier or as an FSRU without the need to increase steel weight or reduce deadweight,  

− allowable pressure build-up, which can accumulate some of the natural BOG when the ship is in idle 
condition without the need to burn the excess BOG,  
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− structural and fatigue design best practices to ensure that the structure of the FSRU remains in safe 
condition over 40 years, and 

− the latest Lloyd’s RGP notation incorporating all the current requirements from the IGC applicable for 
regasification ships.  

LR can also offer owners the required ‘Factual Statements’ Certification to demonstrate compliance of the 
FSRU with any other additional requirements that may be imposed by clients and other stakeholders. The 
‘Factual Statements’ can cover aspects such as the provision of auxiliary generators to operate at ‘port’ or 
the FSRU’s ability to provide power to the electrical equipment fitted at the island jetty/mooring berth.  

If requested by owners, once the unit is at the station, it will be possible to assign a suitable offshore class 
notation to the FSRU. Details of this alternative offshore class notation can be further discussed when/if 
requested.  

 

5.2 Approach for offshore units  

This will be required in the case that owners/operators consider the option to change the unit to the LR 
Rules and Regulations for the Classification of Offshore Units, which are not bound by SOLAS, the 
International Association of Classification Societies (IACS) and so on, and are thus more flexible. 

In addition, there are the statutory survey requirements that need to be considered. These may be less 
onerous as a FOI FRSU than as a ship FRSU, depending on the flag and port of operation. 

Hence, the unit would no longer be a marine asset and this would not be regulated by LR Rules & 
Regulations for Ships. 

A typical FOI class notation based on a similar ship is detailed below. 

The following may be assigned: add R if a regasification unit is to be fitted, note AT(1) for tethered with 
capability to go off station due to weather, and, if permanently moored, then add AT. 

LR class notation:  

| OI 100AT(1) Floating Storage Unit (LNG), Ship Type 2G, Methane (LNG) in membrane tanks, 
Maximum Vapour Pressure 0.25 Bar, Minimum Temperature -163°C, OIWS, LI, (specified operating 
area), (service restriction notation), (operating limits notation). 

| LMC, UMS 

| RGP (Regasification Plant) 

This proposed notation will allow for the 20 years between dry-docking when certain requirements are 
fulfilled. It also allows the LNG FSRU to move away from the terminal due to bad weather, plus a transit to 
a dockyard if necessary. 

Additionally, the class notation indicating the maximum vapour pressure of 0.25 bar (which is 
conventionally assigned to LNG carriers) can be revised up to 0.7 bar, subject to the required structural 
evaluation and the assessment of the cargo containment system. This increased vapour pressure will 
facilitate the FSRU to accumulate more gas during longer periods of low regasification demand, when 
needed.  

In case the above is selected, the increase of the maximum vapour pressure will also require modification of 
the cargo tanks’ safety valves and the vapour pressure release arrangements, including additional 
equipment to prevent the possibility of liquefied gas releasing through the cargo tanks’ vent mast in cases 
where the cargo tank pressure exceeds the maximum design pressure.   
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5.3 Extended dry-docking 

Under the current regulations for a moored storage vessel at a permanent location, the requirements for 
docking surveys are: 

Docking surveys/in-water surveys (IWSs) 

(a) Docking surveys need not be held until the ship is 15 years old, subject to two IWSs in five years 
(maximum period between IWSs is three years, and one to coincide with SS). 

(b) For ships that are 15 to 25 years old, docking surveys may be held at 10-year intervals, subject to IWSs 
as above. 

(c) For ships over 25 years old, docking surveys are to be held at five-year intervals, subject to intermediate 
IWSs (with a maximum period of three years). 
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6. Conclusions 

Storage and regasification through floating units is a growing market. As there is more access to available 
gas from new productions/trains expected to come on stream, there are new business opportunities to 
meet gas importing demand through FS(R)Us.  

Business opportunities are also created for asset owners with less utilised LNG carriers (especially of the 
older tonnage) through conversion projects.  

The main technologies to be considered have been described for the key equipment found on board based 
on the operating envelope of the floating unit. 

To achieve the expected operational performance of a floating regasification model, the approach to 
ensure the smooth integration of the floating unit with the shuttle LNG carrier and the terminal has been 
outlined through risk-based studies, as per LR experience. 

For conversion projects, although there is no ship-type designation change, good planning and execution 
are important. The approach that will be followed depends on the LNG carriers selected for use. These are 
typically of older tonnage with, however, sound structures, LNG tank arrangements and engineering 
systems that can be assessed and upgraded as necessary to meet the expectations of the storage and 
regasification project. 
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Appendix 1 – FSRU HAZID/HAZOP and QRA Scheme 
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