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Small-scale LNG 

Introduction

As a source of grid power, liquefied natural gas (LNG) has been competing commercially with coal, nuclear and 
oil-based products for many years. Lately, it has entered the fuelling arena, especially in shipping. Without a 
doubt, it is now gaining increased significance as a strong, preferred source of fossil fuel. 

There are many drivers for the wider use of LNG, including:

 –  concerns over air pollution
 –  tighter environmental legislation 
 –  its commercial status versus oil-based products.   

These drivers have helped make exploiting LNG reserves commercially sustainable, as we see in the US with 
shale gas, and in projects in Australia. Future years will see more importing nations becoming exporters, and 
this in turn will cause the global LNG trading pattern to widen and change. We look at this changing landscape 
and propose that a strong supply era bound by an increasing overall demand is on the way.

The wider demand for LNG is increasing the need for grid supply at a varying range of quantities, including in 
much smaller quantities to remote locations and those without large pipeline and receiving infrastructure. This 
new market cannot be served by traditional large LNG carriers on long point to point routes. At the same time, 
use of LNG as a marine fuel for ships is growing. 

Both of these elements are creating a new small-scale seaborne LNG market, and building momentum for a 
newly formed fleet of small-scale LNG ships (less than 40,000 cubic metres (cbm) cargo capacity). These will 
complement the wider natural gas supply chain by:

 – distributing LNG to remote locations that large LNG carriers cannot reach or where there is no large receiving 
and regasification infrastructure

 – supplying LNG bunkers for marine gas-fuelled applications. 

This will entail different technologies and two different ship types, with potential for more types in future – 
for example, ships that would produce electricity and provide it direct to the grid via shore facilities. 

We look at the commercial drivers and operating envelopes for these small-scale LNG ships and explore the 
technology and regulatory developments that will shape them. We include examples of our work and projects 
from decades of collaboration with key technology providers, designers, shipowners and shipbuilders – 
examples that have contributed in setting standards and generating the technical capability to serve the needs 
of the ever-growing small-scale LNG market. 

While many aspects of small-scale LNG ship design and operation are new and innovative, we should not 
forget that the very first LNG carriers were also small scale. Experience gained from these and from the 
technology employed on large-scale LNG carriers is vital to the success of the new fleet. 

Safety, of course, is key. The new small-scale market, bringing with it new players and new applications, has 
the potential to introduce risks. The marine LNG industry has built an impressive safety and reliability record; 
the challenge for small-scale LNG trading will be to maintain it.
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Natural gas is a mixture of primarily hydrocarbon gases. It is the cleanest fossil fuel and the last to be fully exploited. 

Compared to oil and coal, LNG offers the lowest carbon dioxide emissions, and has unbeatable behaviour in regulated 
emissions of sulphur oxides (SOx), nitrogen oxides (NOx) and particulate matter. 

Other low-emission alternative fuels, such as methanol, LPG and hydrogen, have made significant technological 
developments, but these are outside the scope of this report, and the subject of their own research and feasibility studies. 

Despite the oil price collapse, a slow re-start of nuclear power generation and recent cheap coal prices, global demand 
for safety, reliability and a cleaner environment means that LNG is a strong candidate for the preferred source of energy 
and fuel.

1.1 LNG pricing
Trying to understand how LNG pricing is formulated and explaining the differences between prices is difficult, especially if 
looked at in isolation. Daily newsletters from market analysts report four main indicative prices: the LNG for Europe, the 
Henry Hub (for the US), Nymex and East Asian – all typically displayed against the Brent Crude price. The prices are diverse. 
This makes the operating region for any LNG project an important parameter in any economic study. 

Figure 1 shows changes in LNG prices (NPB Hub) relative to oil to the present day, and future predicted prices. How LNG 
develops in the future, and whether it can maintain its competitive advantage against oil has been studied in detail by market 
analysts and we look at this in the next section, focusing on LNG prices from three different perspectives: supply; the link 
between oil and gas exploitation; and demand. 

The most credible scenario from analysis is that LNG pricing will remain competitive against oil prices at all times in the future; 
the forecast in Figure 1 cannot be far off. The theory of LNG becoming more expensive than oil in the future looks unlikely. 

1.1.1 Supply
The current situation for new LNG supply projects, primarily in Australia and the US, promises a bright future of increased LNG 
supply by 2017, as shown in Figure 2. 

This scenario would involve LNG being available in large quantities very soon; concerns over the world’s capacity to absorb this 
large volume of LNG appear regularly in the tabloids. On the other hand, an oversupply of LNG would eliminate competition 
to secure cargo-parcels and would stop suppliers adopting a ‘first come, first served’ strategy to push LNG prices up.

1. The evolution of the small-scale LNG market

Figure 1: Historical oil and gas prices and future predicted prices. Source: ENN
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1.1.2 The link between oil and gas supply
Looking at supply further, if we consider the geographical location of LNG suppliers and oil producers, it can be seen that 
many nations can supply both. Specifically, Russia, the Middle East, South America and Africa have equal capacity to supply 
LNG and oil to the market. The exceptions are Australia and North America, though in terms of overall LNG and oil exporting 
capacity as a continent, North America has significant exporting capacity. The recent Iranian capability to supply both LNG 
and oil, as a result of sanctions being lifted, has not yet been captured in most market analysis, but there are already signs of 
impact in the market. The full effect remains to be analysed once Iranian oil supply is fully operational, along with how Iranian 
LNG supply scenarios will develop. 

1.1.3 Demand
To reach a holistic understanding of the LNG supply chain, it is important to examine the factors affecting LNG demand. 
Competitive oil and coal prices create a scenario of increased oil and coal demand, and can have an adverse effect on LNG 
demand. Within the industry, certain other future scenarios are being put forward that could lower LNG demand. These include:

 –  nuclear capacity coming back online and  offsetting the boost in LNG demand
 –  OPEC production remaining at its current capacity and putting pressure on shale gas production. 

These scenarios cannot be ignored, but we believe it will take greater forces to disrupt the increase in LNG demand forecast 
by market analysts MSI and shown in Figure 3 – a forecast which has taken into account multiple complex parameters. 
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Figure 2: LNG trade outlook by exporters (2009 – 2025). Data source: MSI Ltd; 2015 Q2
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Figure 3: LNG trade outlook by regional importers (2009 – 2025). Data source: MSI Ltd; 2015 Q2
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The numbers in Figure 3 need to be considered in the context of the LNG shipping projects that are under discussion. Some 
projects are already agreed for distributing LNG from the US to the big importing nations, even though the US supply side 
is not fully operational. Additionally, projects are underway in developed and developing countries to reduce and eliminate 
the use of coal.  

The interesting element adding to LNG demand is the growth in new LNG applications. This element is often diluted in overall 
figures because the volumes can be small. These smaller LNG applications have a large impact on shipping, however. Shipping 
will have to respond to this increasing demand for small quantities of LNG – driving the need for small-scale LNG ships. 

To make sense of the market intelligence that supports the developments in the small-scale LNG sector, we need to look at 
the gas-as-fuel market and the regional drivers and dynamics behind it.

1.2 The development of LNG as an alternative fuel
The need to reduce harmful emissions from ships has resulted in complex international and regional maritime emission 
regulations. These have created a need in the marine industry to explore alternative fuels with low emissions. LNG is the last 
fossil fuel to be fully exploited, and makes it possible to meet the regional and international environmental criteria. Lloyd’s 
Register has been monitoring the development of LNG as a shipping fuel through various studies with academia, including 
Global Marine Fuel Trends 2030, produced with University College London’s Energy Institute. Download a copy at www.
lr.org/gmft2030. Through our successful port surveys in 2011 and 2014, we have mapped the global development of LNG 
bunkering infrastructure and we are continuing to monitor the trends. 

Figure 4 shows this mapping, which is based on the ports that responded to our surveys. While we know that more port 
developments are planned, this illustrates four key drivers and trends behind the development of small-scale LNG infrastructure:

1. In Europe there is a higher concentration of LNG bunkering port developments.
2. Small-scale LNG infrastructure is a global phenomenon. 
3. Small-scale LNG infrastructure will need to integrate with existing port infrastructure. 
4. Small-scale LNG infrastructure will not be limited to existing large LNG terminals alone.

Figure 4: Global development of LNG bunkering infrastructure
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Regional drivers also play a role in the growth of LNG as fuel. In this section, we look at drivers for Europe, Asia and the US. 

1.3 Drivers in Europe
Europe has been very active in the alternative fuel market – driven by the ‘At berth’ regulations that have limited SOx 
emissions for ships in port since 2010, and the MARPOL Annex VI ECA regulations in force in certain European seas.

There has been significant investment in LNG-fuelled applications, primarily in northern Europe. But Europe has also put in 
place significant funds to support innovative projects adopting alternative fuel technologies, with a specific focus on LNG. 

Such governance and monetary incentive, covering in some cases 50% of the total investment, can only help to develop a 
robust LNG infrastructure, primarily at small scale.

One European project, co-financed by the European Union through the Trans-European 
Transport Network (TEN-T) is Poseidon Med, aimed at developing global hubs for the supply 
of LNG to meet increasing demand. Lloyd’s Register is the only class society involved in the 
project, with the role of technical advisor for the legislative and ship conversion aspects.

A European shipping market that is often omitted from analysis is inland water ways. 
Quite a large number of ships operate domestically and are bound by similar air pollution 
restrictions. There is the opportunity to expand LNG as fuel to these vessels.

1.4 Drivers in Asia
Asia is an interesting region in terms of further research into LNG. 

In Japan, LNG demand remains focused on supply to the country’s power grid. Demand for LNG in small quantities is 
developing slowly, with one or two project initiatives in place.

In Korea, demand for LNG to supply the country’s energy needs remains high. Significant initiatives to develop LNG 
bunkering hubs in South Korea’s large terminals (such as the Busan Port Authority’s) are ongoing. 

In Singapore, the development of LNG infrastructure in their main port terminals has been driven mainly by the need to 
supply LNG bunkers to ship types other than gas carriers. Singapore’s Maritime Port Authority (MPA) is one of the early 
adopters of LNG bunkering, and aims to become the largest LNG bunkering hub globally.

In the case of countries like Indonesia, and generally in South East Asia, the immediate need for cleaner energy focusing on 
LNG is creating a demand for small-scale LNG ships to trade to places where large scale infrastructure cannot be, or has yet 
to be, developed.  

In China, the government’s initiative to move away from coal because of air pollution has created a very strong demand 
for LNG, including for distribution to locations where the LNG terminal and pipe network cannot develop to keep pace. 
Reports for the Chinese shipping sector indicate that the domestic gas-fuelled fleet is the largest in the world, although this 
information is not captured in international fleet databases because the ships are small and operate coastally and in rivers. 

7www.lr.org/gas
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1.5  Drivers in the US
The future will see the US recognised as the largest energy producer and eventually the key energy exporter.  

The situation for LNG in the US has similarities to those of Europe and Asia, but the primary difference is that the US 
produces its own LNG. This makes it easier to develop infrastructure to support LNG-fuelled ships operating in the US and 
Caribbean ECAs (shown in Figure 5).  

With the Henry Hub prices so competitive, a need to supply America’s remote locations with LNG for electricity is another 
market that small-scale LNG would need to serve.

In addition, private investment is helping the US raise its profile as a leader in the use of LNG as fuel. The ‘TOTE’ project will 
see the world’s first gas-fuelled containerships delivered in late 2015 and early 2016, and the construction of the first LNG 
bunker barge in North America – key milestones in establishing LNG as fuel and LNG bunkering in the US.

The United States Coast Guard (the USCG) has been very active in the US LNG market, following developments closely and 
supporting initiatives either with policy letters in the absence of an applicable Code of Federal Regulations or even by 
adopting an equivalent approach through case-by-case studies. 

Compliance with the US Jones Act (the Merchant Marine Act of 1920) is important for US small-scale projects. This could 
present challenges for the design and construction of small-scale LNG ships in the US. Collaboration with technology 
providers experienced in LNG applications will be key to transferring knowledge to the US LNG shipbuilding industry.

Figure 5: Existing and future emission control areas (ECAs) for NOx and SOx

8



Small-scale LNG 

1.6 The role of small-scale LNG ships

With increased supply and demand, LNG needs to be made an easily accessible commodity. The new small-scale LNG market 
cannot be served by traditional large LNG carriers on long A – B routes, but needs its own marine sector. 

Distributing LNG at small scale will require the development of a suitable fleet. The aim is to make trading at small scale 
an effective solution so that natural gas can be available to energy users not currently connected to a pipeline network. A 
small-scale sector will increase the overall size of the LNG market.

The demand for small-scale LNG distribution is coming from: 

 –  energy users not served by the main pipeline networks
 –  end users with direct LNG demands
 –  customers in sparsely populated and remote areas
 –  customers looking for environmentally friendly fossil fuels.

These varying needs for LNG will create varying characteristics and specifications for small-scale LNG ships, with the 
following four categories:
 
 – small-scale LNG distribution carriers 
 –  LNG bunkering ships
 –  LNG bunker barges
 –  inland water way ships. 

The size of these ships isn’t yet specified, but based on detailed analysis and studies, and for this report, we define a small-
scale LNG ship as less than 40,000 cbm in cargo carrying capacity. 

In the future, the small-scale LNG sector may well go beyond this figure.  

9www.lr.org/gas
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2.1 Small-scale LNG distribution carriers
A small scale LNG distribution carrier has many similarities to a conventional large LNG carrier scaled down to anything 
below a 40,000 cbm cargo carrying capacity. As already noted, this figure is not definitive but is broadly used in market 
analysis to allow the progress of the small-scale fleet to be captured, including the order book and the historic fleet. The 
very first LNG carriers Methane Princess and Methane Progress were small-scale, constructed in 1964 to Lloyd’s Register 
class. In total, 13 small-scale LNG carriers were built during this era (all now decommissioned), with a cargo carrying capacity 
ranging from 25,000 cbm up to 41,000 cbm. 
 
Since then, the overall fleet of small-scale LNG carriers has numbered around 50 ships at any given time. Today’s fleet 
consists of 23 ships in service and 15 vessels on order, with deliveries scheduled from 2015 to 2017. Table 1 shows the range 
of small-scale LNG ship particulars, based on the characteristics of the historic, existing and current orderbook fleet.  

The characteristics of small-scale LNG carriers will change as technology and legislation advance, and the fleet is set to grow. 

Commonly, LNG carriers up to 10,000 cbm have two cargo tanks. A three-tank arrangement appears on bigger sizes. Designs 
with four-tank arrangements appeared in the de-commissioned fleet and have appeared on sizes close to 30,000 cbm, 
with some of the early small scale LNG carriers even constructed with nine independent tanks, as seen on board Methane 
Princess. 

In the current market, the transition from a three-tank arrangement to a four-tank arrangement requires a detailed and careful 
commercial feasibility study, especially because of the impact on capital expenditure (CAPEX). If the available technology allows 
a three-tank arrangement to be retained beyond 30,000 cbm, larger designs between 30,000 and 40,000 cbm cargo carrying 
capacity will definitely become more commercially attractive. 

A small-scale LNG carrier’s speed may vary from 13 to 18.5 knots, and is driven by the project’s operational envelope. 
The propulsion arrangement is interesting. As we saw in large LNG carrier designs, the steam turbine technology that 
dominated until the mid-2000s gave way, from 2004, to the ‘gen-set’ technology of dual-fuel, diesel-electric propulsion 
arrangements. On the other hand, the direct-driven engine room arrangement appeared sporadically in the small-scale LNG 
Fleet on eight ships built after 1973, and is considered an equally strong candidate in future proofing small-scale LNG carrier 
design. Given this, it is expected that the dominant propulsion system on future small-scale LNG carriers will be based on 
medium-speed dual-fuel engines in either a diesel-electric or direct-driven arrangement. The number of screws, propeller 
type and speed would be mainly project-specific.

Table 1: The range of small-scale LNG carrier particulars

2. What is a small-scale LNG ship?

Seller Total fleet (38 ships) In-service fleet (23 ships) Orderbook (15 ships)

Cargo carrying capacity (m3) 170 – 30,000 170 – 23,000 5,100 – 30,000

Deadweight (tonnes) 203 – 20,400 203 – 12,500 3,000 – 20,400

Length overall (m) 49.65 – 207.9 49.65 – 155.60 100.00 – 184.70

Breadth moulded (m) 11.25 – 29.30 11.25 – 28.0 17.80 – 28.10

Depth moulded (m) 4.20 – 19.00 4.2 – 16.60 17.80 – 19.00

Draft (m) 3.13 – 10.32 3.13 – 8.30 4.80 – 9.40

Number of tanks 1 – 9 1 – 3 2 – 4

Type of tanks Independent or membrane Independent or membrane Independent

Number of screws 1 – 2 1 – 2 1 – 2

Propulsion type Steam, diesel-electric,  
direct-driven

Diesel-electric, direct-driven Diesel-electric, direct-driven

Years of build 1964 – 2017 1974 – 2013 2015 – 2017
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2.1.1 Design concepts 
One might assume that small-scale LNG carrier design would be a job for a major shipbuilder or design office with 
experience in large gas carriers, but this has not been the case. Instead, many small-scale designs have been coming from 
reputable technology providers who are shifting their strategy from specific technologies to complete design solutions.

The small-scale LNG market has not been a priority for the major shipbuilders in the gas sector, although recent demand has 
seen them beginning to invest in their own designs.

Table 2 lists the small-scale LNG carrier designs known to Lloyd’s Register, some of which are under construction and soon to 
enter operation.

Designer Capacity
Principal 
dimensions

Cargo tanks
Number  
of screws

Propulsion
Cargo 
pumps

Reliquefaction 
capability

HMD 15,000 154 x 23 x 15.1 
(7.4)

3 x Type C – 
bilobe

1 Direct-driven 
(DD)

6 x 270 –

HMD 10,000 139 x 20.2 x 11.8 
(7.0)

2 x Type C 1 DD 2 x 500 –

HANJIN 30,000 175.2 x 27.6 x 8.8 4 x Type C – 
bilobe

1 Diesel electric 
(DE)

Not known Not known

DSME 15,000 Not known Not known 1 Not known Not known Not known

GTT 32,000 176 x 28.8 x 18.0 
(7.4)

3 x GTT 
NO96

1 Dual-fuel (DF) 
DE 

6 x 500 –

GTT 16,500 133 x 28.0 x 11.7 
(4.8) shallow draft

2 x GTT 
MARK III Flex

2 Dual-fuel  
DD or DE

4 x 800 Option

GTT 10,000 115 x 20.3 x 12.8 
(5.6)

2 x GTT 
MARK III

1 DF DD 2 x to be 
confirmed

To be confirmed

Figure 6: Possible tank arrangements for small-scale LNG carriers

Table 2: Current small-scale LNG carrier design concepts

0 to 10,000 cbm: two independent LNG tanks
0 to 20,000 cbm: two membrane LNG tanks

10,000 to 20,000 cbm: three independent LNG tanks
Over 20,000 cbm: three membrane LNG tanks

Over 20,000 cbm:  
four independent LNG tanks

11www.lr.org/gas



Small-scale LNG

The majority of the designs indicate a preference for a ‘Type C’ tank design (larger designs using bilobe arrangements). 
For ships up to 40,000 cbm this presents no foreseen limitations. Generally the industry feels ready to embrace Type C 
technology due to the wider construction possibilities of the cargo tanks. 

Membrane technology has also appeared in small-scale applications and design concepts. The extensive in-service and 
construction experience gained from large membrane LNG carriers is an important driver for using membrane technology 
at small scale. With membrane technology, less tanks are generally required than for an equivalent Type C design, there is a 
better cargo utilisation rate, and French designer Gaztransport & Technigaz (GTT) offers through-life services.

New designs using Type B prismatic, spherical (Moss) type or new membrane technologies have not been seen yet. However, 
small-scale LNG carriers with Type B technology have previously been in service (now decommissioned), and it is technically 
possible to adopt this technology in new designs.

We look at tank types in more detail in section 4. 

Some small-scale LNG design concepts have other interesting characteristics, influenced by the project’s operational 
envelope. Designs with shallow draft trading features, Azipod thrusters, bow thrusters and even aluminium independent 
tanks have appeared in published concepts. 

2.1.2 Lloyd’s Register experience
Lloyd’s Register’s small-scale LNG carrier experience began in 1964 with the first LNG carriers to enter service, Methane 
Princess and Methane Progress, both designed and built to LR class.

Table 3 shows some key LR classed small-scale projects. These milestone ships have allowed Lloyd’s Register to build 
experience and knowledge which is reflected in our Rules and Regulations and has made us a leading technical authority 
on the design and construction of small-scale LNG carriers. Through our classification and consultancy services, we address 
the complex technical and commercial challenges faced by our clients, to add value to their small-scale projects. 

Typically a small-scale LNG carrier would be classed under Lloyd’s Register with the following sets of notations, according 
to tank type. Notations in orange are considered suitable for the classification of these ship types, although they are not 
mandatory under Lloyd’s Register’s Rules and Regulations. Additional class notations can be assigned on request. 

Ship name
Year of 
build

Capacity  
m3

Principal dimensions
(L x B x D) m

Cargo tanks Propulsion Status

Methane 
Progress

1964 27,400 189.30 x 24.85 x 17.80 – Steam driven Decommissioned

Methane 
Princess

1964 27,400 189.30 x 24.85 x 17.80 9 independent 
aluminium, Conch

Steam driven Decommissioned

Laieta 1970 39,800 207.00 x 29.32 x 18.47 4 independent 
aluminium, Esso

Steam driven Decommissioned

Marisa 1975 35,500 198.48 x 26.55 x 17.25 5 membrane  
36% nickel, GTT

Steam driven Decommissioned

Bella 1975 35,500 198.48 x 26.55 x 17.25 5 membrane  
36% nickel, GTT

Steam driven Decommissioned

+100A1	 	 Liquefied	Gas	Tanker,	Ship	Type	2G,	Methane	(LNG)	in	Membrane	Tanks,	Maximum	Vapour	Pressure		

	 	 0.25	bar,	Minimum	Temperature	Minus	163	degC,	ShipRight	(SDA,	ACS(B)),	*IWS,	LI,	ECO

	 	 +LMC,	UMS,	NAV1-IBS

Descriptive Note:  ShipRight (FDA plus, CM, BWMP(S), IHM, SERS, SCM)

Membrane

Table 3: Milestone LR classed small-scale LNG carriers
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+100A1	 	 Liquefied	Gas	Carrier,	Ship	Type	2G,	Methane	(LNG)	in	Independent	Tanks	Type	C,	Maximum	Vapour		

	 	 Pressure	4.2	bar,	Minimum	Temperature	Minus	163	degC,	ShipRight	(SDA,	ACS(B)),	*IWS,	LI,	ECO

	 	 +LMC,	UMS,	NAV1-IBS

Descriptive Note:  ShipRight (FDA plus, CM, BWMP(S), IHM, SERS, SCM)

+100A1	 	 Liquefied	Gas	Carrier,	Ship	Type	2G,	Methane	(LNG)	in	Independent	Tanks	Type	B,	Maximum	Vapour		

	 	 Pressure	0.25	bar,	Minimum	Temperature	Minus	163	degC,	ShipRight	(SDA,	ACS(B)),	*IWS,	LI,	ECO

	 	 +LMC,	UMS,	NAV1-IBS

Descriptive Note:  ShipRight (FDA plus, CM, BWMP(S), IHM, SERS, SCM)

Type C

Type B

2.2 LNG bunkering ships
LNG bunkering ships have developed from the need to supply fuel to the growing LNG-fuelled fleet. 

Although the LNG-fuelled fleet has not developed at the pace the industry originally anticipated, there are steady 
investments in deep-sea gas-fuelled readiness projects and a number of notable short-sea shipping projects.

For some, the ‘chicken and egg’ question of which should come first, the LNG bunkering infrastructure or the LNG-fuelled 
ships, remains. However, developments in LNG supply, with small LNG infrastructure in ports developing globally, and 
key players in shipping (such as TOTE, Carnival Cruises, UECC and Maran Tankers) investing in gas-fuelled or gas-fuelled 
readiness assets, this situation is improving.

LNG bunkering ships have a significant role to play in a  shipping sector that is fuelled by LNG or incorporates readiness for 
LNG. The industry is well prepared for LNG as fuel after the success story of the ferry, Viking Grace. Studies performed in 
ports have shown that, where technical, operational and commercial constraints exist, LNG bunkering is better served by 
LNG bunkering ships than by truck loading or via jetties. 

Studies carried out by Lloyd’s Register to assess development of LNG bunkering infrastructure in ports have shown that the 
scale of the safety zone required around the LNG bunkering operation depends on the bunkering method. The engineering 
challenges of making zones safe are fewer when LNG bunkering is via ship-to-ship transfer. Furthermore, and has been seen 
in the case of Viking Grace, objectives such as simultaneous operations are less challenging to address. 

Viking Grace bunkering in Stockholm
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Part B: VLECs – the technical challenges

2.2.1 Design concepts
Generally, LNG bunkering ships are the smallest small-scale LNG ships. Ships in service and under construction begin at 650 
cbm LNG cargo carrying capacity and have reached up to 6,500 cbm, with Shell’s LNG bunker project under construction at 
Korea’s STX shipyard leading the way.

There are no technical challenges that limit the size of LNG bunkering ships. Their size is mainly driven by the LNG bunker 
demand and the LNG capacity of the receiving ship(s). LNG bunkering ship concepts up to 13,000 cbm are available. 

The right size for an LNG bunkering ship is a complex challenge and requires its own project-specific analysis. A key factor is 
the operating envelope of the receiving ship and the bunkering quantities required to be delivered. The largest LNG-fuelled 
project to date is the ro-ro under construction for UECC to Lloyd’s Register class, which has a Type C tank of 750 cbm. There 
are larger projects such as ultra large container ships and very large ore carriers that would be equipped with much larger 
LNG tanks.

If we consider an 18,000 teu ultra large container ship operating on LNG from north Asia to north Europe, 5,000 cbm of LNG 
would be required for the whole voyage, as per Lloyd’s Register’s LNG Fuel Tank Capacity Calculator, available at www.lr.org/gas

As the aim remains to keep the loss of cargo volume as low as possible, gas-fuelled ship designs are not expected to develop 
with LNG bunker tanks with capacity for a full round trip or more.

With container ships slowly embracing LNG as fuel technology and making conservative investments in gas-fuelled 
readiness, the demand for LNG bunkers is still ship project-based. Larger LNG bunkering projects up to 16,500 cbm will need 
to have secured a constant bunker demand from multiple gas-fuelled ships.

Because LNG bunkering ships are much smaller than the receiving vessel, the choice of bunkering technology is important. 
The traditional and successful flexible hose ship-to-ship transfer applied on large LNG carriers can impose limitations on an 
LNG bunkering ship’s ability to serve clients effectively and efficiently.

Loading arms are therefore being introduced. These are sophisticated pieces of equipment with novel engineering, but as 
with other small-scale LNG technologies, they are based on large-scale experience – from terminals and the FSRU and FLNG 
sector. The technology is scaled down to meet the required transfer rates and reach height. From a design perspective, 
novel engineering is required before it is applied to a project.

The fuelling requirements for a gas-fuelled ship depend on its main propulsion technology. Pure gas-fuelled ships with 
spark-ignited engine technology have been very popular in small coastal ferry applications. For larger gas-fuelled projects 
(such as Viking Grace, UECC’s ro-ro, the TOTE container ships and Société des traversiers du Québec’s (STQ’s) F.-A.- Gauthier) 
a flexible dual-fuel technology approach has been adopted. It means these ships can be powered by LNG, with small 
quantities of heavy fuel oil, diesel or marine gas oil as a pilot fuel, or can operate in pure liquid mode.

This dual-fuel approach has been the driver for LNG bunkering ship concepts that also contain tanks for other fuel cargoes – 
primarily distillates. This would allow a single bunkering ship to serve all the bunkering needs of the receiving vessel. These 
multi-purpose LNG bunkering ships remain at the concept stage, but with the right demand they have great potential to 
serve the market efficiently and effectively.

2.2.2 Lloyd’s Register experience
Lloyd’s Register has been following developments in LNG bunkering ships closely, through continued support to our clients 
and key sector stakeholders. 

Table 4 details the bunkering ship designs known to Lloyd’s Register, some of which are in production.

Our engagement in the development of key LNG bunkering designs, all with different technical and operational challenges 
as a result of adopting different technologies, gives us a leading edge and strengthens our capability to support our clients 
with their projects. Many of the projects we have supported from an early stage are now moving from concept design to 
construction. 
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Designer Capacity
Principal 
dimensions

Cargo tanks
Number  
of screws

Propulsion
Cargo 
pumps

Other cargoes

Hanjin 5,000 99.95 x 17.6 x 8.6 
(6.4)

2 x Type C 1 Not known Not known LPG, marine gas 
oil (MGO)

Hanjin 10,000 138 x 20.0 x 11.6 
(6.7)

2 x Type C 1 Direct-driven 
(DD)

Not known LPG, MGO

STX (Shell) 6,500 119.9 x 19.4 x 10.9 
(6.2)

2 x Type C 1 Dual-fuel (DF) 
Diesel-electric
(DE)

2 x 650 –

GTT 16,500 133 x 28.0 x 11.7 
(4.8) shallow draft

2 x GTT 
MARK III Flex

2 DF  
DD or DE

4 x 800 –

GTT 7,600 111.0 x 18.6 x 13.6 
(6.0) 

3 x GTT 
MARK III

1 DF DD 6 x 300 Multigas, marine 
diesel oil (MDO)

GTT 4,000 90.0 x 15.7 x 9.4 x 
(4.72)

2 x GTT 
MARK III Flex

2 DF DD 4 x 450 MDO

BMT 
TITRON – 
BSM

7,500 109.9 x 18.0 x 10.0 
(5.3)

2 x Type C 2 Azipod DF DE 2 x 600 –

Argos 1,8770 + 
1,400 

110.0 x 13.5 x 6.3 2 x GTT 
MARK III

2 Azipod Pure gas  
DE

Not known 1,400 t   
MGO / MDO

We detail three key LR-supported projects here. 

Shell 6,500 cbm LNG bunkering ship
At Shell’s request, Lloyd’s Register has provided technical support to this project, beginning with developing the concept 
design and specification. One ship is under construction for Shell at STX to Lloyd’s Register class. 

Through our work with Shell and other stakeholders 
on the project, we are: 

 – establishing the template for safe LNG bunkering

 – reviewing and certifying principal LNG equipment 
(ALAT’s refrigeration/reliquefaction plant and FMC’s 
loading arm) fundamental to safe LNG bunkering 
operations

 – going beyond code and rule requirements, 
considering end user (gas-fuelled ship operator) 
benefits to instil a high level of confidence. 

A computer-generated image of Shell’s 6,500 cbm bunkering ship

Table 4: Current small-scale LNG carrier design concepts
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ARGOS GL combined gas oil/LNG bunkering ship
As the classification society for this project, Lloyd’s Register has provided Argos with technical support in developing the 
design to comply with applicable rules and requirements.

ARGOS GL will operate as an inland waterway vessel and will need to meet specific local authority requirements. 

Lloyd’s Register has supported the stakeholders of this project in receiving acceptance from the Central Commission for 
Navigation on the Rhine (CCNR) and meeting the requirements of the European Agreement Concerning the International 
Carriage of Dangerous Goods in Inland Waterways (ADN) for the choice of engines (pure gas engine technology), use of 
LNG cargo as fuel, application of the membrane technology and the loading bunkering arm technology.

Bernard Schulte 7,500 cbm gas fuel supply vessel 
Lloyd’s Register has been supporting Bernard Schulte’s gas fuel supply vessel project developed with BMT TITRON. This is an 
LNG bunkering ship of 7,500 cbm using Type C technology for the cargo tanks, and developed to Lloyd’s Register’s Rules.
 
The ship’s specification has been enhanced to allow simultaneous operations and features Azipod propulsion for increased 
manoeuvrability. 

Lloyd’s Register’s ShipRight ARBD  
(Assessment of Risk Based Designs) procedures 
have been applied, and we have moderated 
and completed the hazard identification 
(HAZID) study.

This design also takes an innovative approach 
to managing the boil-off gas generated from 
the cargo tanks, using compressed natural 
gas (CNG) technology to supply the gas to the 
Wärtsilä dual-fuel medium-speed engines more 
efficiently.  
 
 

A computer-generated image of Argos GL
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2.3  LNG bunker barges 

To serve the US’s LNG bunkering demand, barge designs have been prevalent for some time. LNG bunker barge projects 
in the US that have been in the public eye are designed to store and handle the LNG cargo and manage the boil-off gas 
during bunkering. 

Small-scale LNG projects in the US are governed by the Jones Act. Therefore the country’s shipbuilding industry needs to 
develop capabilities specific to LNG. 

Barges offer a CAPEX advantage over LNG bunkering ships, and in the absence of propulsion arrangements they impose less 
technical challenges for design and construction.

Some LNG bunker barge concepts feature systems that transfer the boil-off gas generated from the barge’s LNG tanks 
to the engine(s) of the supporting vessel – typically, a tug. This arrangement would allow better use of the LNG cargo, 
provided that the barge’s cargo handling systems integrates efficiently with the tug’s fuel systems.

The first bunker barge in the US has been developed by GTT for construction in Conrad Shipyard, the first US shipbuilder 
licensed by GTT to construct its membrane cargo containment system. The latest version incorporates GTT’s new loading 
arm technology and will serve the LNG bunkering needs of TOTE’s LNG-fuelled container ships.  

In Europe, where flexibility and operational independence in providing LNG bunkers are needed, bunker barges may not 
be as attractive as LNG bunkering ships. For the US, however, the success of this bunker barge project will pave the way for 
growing the country’s LNG bunkering supply chain. 

GTT’s bunker barge concept,  
now under construction for TOTE
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Specifying the standards for  a small-scale LNG carrier is not straightforward, especially when projects employ novel 
technologies or ’borrow’ technologies  from other sectors, which need to be adapted for small scale.

Two major pieces of IMO legislation that apply to the gas sector have been adopted recently – the revised International 
Code for the Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (the IGC Code) and the International 
Code of Safety for Ships using Gases or other Low-flashpoint Fuels (the IGF Code). The IGF Code is especially recognised as a 
proactive piece of legislation, developed without a background of built and in-service experience.  

However, legislation alone cannot fully cover compliance assessment and development of designs. In the next section, we 
detail the available industry legislation and standards and their role in enhancing the safety and reliability of small-scale 
LNG ship designs.

3.1 The IGC Code
Small-scale LNG carriers are ‘Ships Carrying Liquefied Gases in Bulk’ and so the IGC Code is 
the mandatory legislation that these ships must comply with. 

For ships with a keel laying date on or after 1 July, 2016, the revised version of the Code, 
adopted in 2014, applies. Lloyd’s Register’s guidance note, What the IGC Code Means 
for You, allows designers, owners and operators to adapt their designs – especially those 
developed in the past under the old IGC Code – to the requirements of the revised code.  
To request a copy, go to www.lr.org/gas 

3.2  The IGF Code
The IGF Code was adopted with a significant amount of work from IMO, its flag state 
members and their technical advisors, and will enter into force on 1 January, 2017. This 
long-awaited code contains clear goals and standards and will have a significant impact  
on future gas-fuelled projects. 

The IGF Code has no impact on statutory certification of small-scale LNG ships, but understanding the Code’s goals and 
embracing its fundamental principles at the initial concept design stage of a small-scale LNG project, especially those where 
LNG bunkering is a focal point, will only add value. Our guidance note assists designers in understanding the Code and its 
application. To request a copy, go to www.lr.org/gas

3.3 Lloyd’s Register Rules and Regulations
Lloyd’s Register has been following the development of the IGC and IGF Codes through participation in working groups, 
and has acted as a technical advisor to flag administrations at IMO meetings.

We have shared our experience from successfully classed gas-fuelled and gas carrier projects – experience reflected in our 
current rules and regulations – to ensure the codes are developed to meet the technical challenges of gas projects and help 
ensure the necessary safety levels are achieved.

With the two codes coming into force very soon for newly contracted projects, we have been working on the following new 
rule sets and tools to enable reliable assessment of small-scale LNG carrier designs and support the small-scale LNG sector:

– Lloyd’s Register Rules for the Carriage of Liquefied Gases in Bulk (January 2016) 
– Lloyd’s Register Rules for Gas Fuelled Ships
– ShipRight Procedures and Tools for the assessment of designs
– Lloyd’s Register Tools for LNG tank assessment. 

3. Legislation, rules and standards
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3.4  ShipRight Assessment of Risk Based Designs
With the novel technology that the industry is adopting for small-scale LNG projects, the prescriptive requirements in the 
International Codes and the Rules and Regulations are not always sufficient. In these cases, we have been assessing the 
designs with our ShipRight Assessment of Risk Based Designs methodology. 

 

In the case of certain statutory requirements, this risk assessment approach is actually necessary to justify compliance. 
Most importantly it allows for more innovative engineering and helps overcome the challenges of reliably designing and 
assessing novel small-scale LNG technologies.

3.5  The LNG bunkering interface
The IGC and IGF Codes do not address cargo loading and unloading operations or LNG bunkering transactions.
 
In the case of gas carriers, the Society of International Gas Tanker and Terminal Operators (SIGTTO) has developed various 
best practice publications and guidance, with input from its members and drawing on the experience of terminals and 
operators. These are becoming accepted as established standards within the industry.

In the case of LNG bunkering, in the absence of practical experience, the maritime 
sector has highlighted the need to create specific guidance to address the challenges it 
presents. This has resulted in a number of on-going initiatives, some run in parallel, from 
organisations including The Society For Gas as a Marine Fuel (SGMF), the International 
Association of Classification Societies (IACS), the European Sustainable Shipping Forum 
(ESSF), the International Association of Ports and Harbors (IAPH), and individual class 
societies. 

Without a doubt, these initiatives will contribute to the safer use of LNG, but they also 
introduce the need to align everyone’s efforts towards a single harmonised standard that 
the whole industry will recognise. 

Standards and best practice will need to develop as LNG as fuel and LNG bunkering 
technology develops. At Lloyd’s Register, we are sharing our LNG bunkering experience 
through our membership of the SGMF and its working group – experience gained from 
LNG bunkering projects such as:

 – the development of standards and procedures for the Maritime and Port Authority of Singapore

 –  the development of standards and procedures and a safety zone for the port of Portsmouth

 –  the development of a bunkering operations protocol for Taiwan, including port-side evaluation

 – port-side evaluation, infrastructure assessment, support to develop LNG bunkering ship specification, and technical review 
of ship conversion to LNG as fuel for Poseidon Med

 –  preliminary work for Busan New Port. 

Lloyd’s Register is also part of the IACS initiative to review and update existing unified requirements and interpretations for 
the IGC and IGF Codes. 
 

Figure 7: The LR ShipRight Assessment of Risk Based Designs (ARBD) methodology
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3.6 Industry standards and guidelines
Trading LNG cannot be successful without the expertise of technical policy makers. 

Some typical standards that have been considered in Lloyd’s Register small-scale LNG projects are:

 –  Guidelines of the International Association of Oil and Gas Producers (OGP)

 –  The International Organization for Standardization (ISO) Guidelines for Systems and Installations for Supply of LNG as 
Fuel to Ships (ISO/TS 18683:2015) 

 –  The USCG Policy Letters USCG CG-ENG No. 02-15 – Design Standards for U.S. Barges Intending to Carry Liquefied Natural 
Gas in Bulk, and USCG CG-521 No. 01-12 – Equivalency Determination – Design Criteria for Natural Gas Fuel Systems

 – The British Standards Institution (BSI) standards, BS EN 1474-1:2008, -2:2008 and -3:2008 – Installation and equipment for 
liquefied natural gas. Design and testing of marine transfer systems. 

20



Small-scale LNG 

4. Technology developments

As described already, the technological challenges associated with small-scale LNG carriers have mostly been identified 
from experience of large LNG carrier designs, but choosing the right technologies can be complex and requires a clear 
understanding of them. This section details the essential equipment and features required for small-scale LNG ships, and 
how they are applied to small-scale projects.

4.1 Cargo containment systems
The containment system is a critical aspect of small-scale LNG carrier design and the return on investment that the ship is 
able to achieve.

As detailed in section 4, there appears to be a preference for Type C and membrane technology for small-scale LNG projects. 
Here we present these and other technologies that might also be considered.

4.1.1 Membrane systems
With a membrane system, the LNG is transported at atmospheric pressure and at a temperature of -163°C. The system is 
typically designed using a cargo density of 0.500 tonnes per cubic metre.

Membrane containment technology is synonymous with GTT, whose containment systems dominate membrane gas carrier 
designs. 

In terms of design appraisal of LNG carrier membrane systems, Lloyd’s Register has the largest share of the fleet, and has 
classed ships using the very early versions of GTT’s ‘NO’ and ‘MARK’ family.

For small-scale LNG carriers, there is no need for additional qualification in terms of Approval in Principle or General 
Approval, except for design appraisal in accordance with the LR Rules and Regulations that apply to the project.

In recent years, GTT has been developing new versions of their 
containment system technology. Mark V is their latest innovation, 
and received Lloyd’s Register Approval in Principle in November 
2013 and General Approval in October 2015. We are supporting its 
development at major Korean shipyards. 

Table 5 summarises the development and approval status of GTT’s 
technology and its application in small-scale LNG concepts.

Figure 8: GTT’s Mark III (left) and NO96 (right) containment systems

Figure 9: GTT’s Mark V membrane cargo containment system
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4.1.2 Independent tanks
Independent tanks, as per the IGC Code, cover: Type A, Type B and Type C, with the latter being most popular in small-scale 
LNG projects.

Type A 
Technically, Type A tanks can be used for LNG carriers, provided that the ship’s hull is protected against LNG’s cryogenic 
properties by a secondary barrier, in accordance with the requirements of the IGC Code.

Type A tanks using FH low-temperature steel are already popular on LPG carriers, where the ship’s hull is also constructed 
from FH low-temperature steel and acts as the secondary barrier.

But for LNG applications, FH low-temperature steel cannot sustain the cryogenic conditions. To address this, concepts for 
small-scale LNG carriers with Type-A technology have been developed where the cargo tanks are designed with a separate 
secondary barrier.

LNG carriers with Type A tanks and the ship’s hull acting as the secondary barrier require the development of new materials 
and technologies. Undoubtedly, the industry will be curious to study the potential of such technologies for small-scale LNG 
carriers.

Type B
This type of independent tank requires a partial secondary barrier, as per the IGC Code. The capacity of the secondary 
barrier is calculated by analysing the potential failure of the primary barrier. Various Type B designs have been under 
development for some time. Of particular interest is the Moss-type tank, especially as it has already been seen in past  
small-scale LNG applications. 

Containment system Approval methodology Concept

GTT NO96 Ship-specific GTT-DSME 32,000 small-scale LNG. Three tanks

GTT MARK III Ship-specific GTT 10,000 small scale LNG, two tanks
GTT 7,600 LNG bunkering ships, three tanks
ARGOS GL combined gas oil/LNG bunkering ship, 
two+two tanks

GTT MARK III Flex Ship-specific GTT 16,500 shallow draft LNG, two tanks
GTT 7,600 LNG bunkering ship, three tanks
GTT 4,000 LNG bunkering ship, two tanks

GTT MARK V General Approval  
(completed October 2015) 
and ship-specific

MARK V was originally developed for small-scale LNG 
and gas-as-fuel applications. Due to high demand to 
adapt this version to large LNG carriers, small-scale 
LNG concepts with MARK V have not been seen yet. 
However, the MARK V can easily be applied to the above 
MARK III and MARK III Flex concept designs.

Higher pressurised  
GTT membrane cargo 
containment system

Approval in Principle
(completed October 2015)

The GTT 4,000 LNG bunkering ship, two-tank MARK III 
Flex concept has been used as the basis for this project. 

Table 5: Approval status of GTT membrane technology and its application in small-scale LNG concepts
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Moss 
Moss tanks are widely acknowledged in the industry as having a good track record for reliability and safety in general LNG 
carrier applications. 

Moss technology appeared during the early stages of the LNG seaborne trading era, in the form of spherical independent 
tanks of either aluminium or 9% nickel steel. 

The 29,000m3 gas carriers, Venator and Lucian used the ‘Moss Rosenberg’ system and were in service from the mid-1970s 
until the late 2000s, when they were decommissioned, while the 4,900m3 Sant Jordi used the ‘Sener’ moss system and was in 
service from the late 1970s to the late 1980s.

Because of the reliability of the Moss tank system, many shipowners still prefer it over other containment systems. It is still 
being seen on large LNG carrier projects such as the 155,000m3 LNG carriers Seishu Maru and Esshu Maru, delivered to LR 
class at the end of 2014. 

Building LNG Carriers using Moss technology requires experience and capability by the shipbuilder, however. The yards 
currently able to adapt such technology to their designs are mainly in Japan, with some also in Korea. In Korea, there has 
been a recent comeback of Moss technology at Hyundai Heavy Industries, with the Sayaendo design developed and applied 
and the Sayaringo design receiving approval from Lloyd’s Register and being recognised by the USCG. 

Type C
Type C tanks are pressure vessels using 9% nickel steel; for LNG cargoes these are fully or semi-pressurised (with the 
pressure maintained at around 5 bar). Attempts have been made to lower the cost of Type C tanks by reducing their nickel 
percentage, but this has yet to prove technically viable and so it may not be worth considering for small-scale LNG projects. 

The control of boil-off gas can be achieved either through polyurethane insulation or vacuum insulation, typically in small 
tanks. A secondary barrier is not required on the basis that the IGC Code considers that Type C tanks do not leak, and 
generally these tanks have no filling restrictions. 

Due to construction and fabrication constraints, the maximum plate thickness that can be used for Type C tanks is 40 mm. 
This limits the cargo carrying capacity of LNG carriers, but this is not an issue for small-scale carriers. On projects above 
15,000 cbm capacity, Type C bilobe tank arrangements seem to be preferred. This would allow Type C technology to be 
considered for small-scale LNG Carriers even larger than 15,000 up to capacities in the region of 40,000 cbm. 

The preference for Type C tanks is seen especially on concepts developed by 
technology providers without the capacity to assemble membrane containment 
systems. Type C gives them the flexibility to select from a large list of qualified 
tank manufacturers. 

The ability of Type C tanks to sustain the pressure built up by generated boil-off 
gas is another advantage over membrane technology. If operational procedures 
are developed and followed to operate the tanks as semi pressurised or even at 
atmospheric conditions, this allows flexibility of LNG delivery and also control of 
potential warming of the LNG.  

Volume utilisation with Type C technology is sacrificed compared with 
membrane. As seen in Figure 6, for the same ship size the number of tanks 
increases, even when bilobe or even trilobe tanks are used.

On recent LNG bunkering ship projects, i.e., those with a cargo carrying capacity of up to 6,500 cbm, Type C technology has 
been the preference, with the Shell LNG bunkering ship – already in production – being a key example.

Figure 10: A bilobe Type C tank
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4.1.3 Type C versus membrane containment systems
As detailed in the previous sections, Type C and GTT’s membrane technology are the two most popular containment systems 
for small-scale LNG carrier projects to date. Table 6 summarises the two systems and highlights their main features. 

4.2 Propulsion arrangements
In small-scale LNG carriers, the ability to use cargo LNG as fuel is likely to become a standard feature. Therefore, the 
requirements of Chapter 16 of the IGC Code would need to be met.

The use of cargo as fuel entails managing the boil-off gas generated by supplying it to the engines. This is a mature 
technology, and has been successfully applied on large LNG carriers and gas-fuelled ships in a variety of engines using the 
diesel or Otto cycle.

One challenge lies in whether to select a dual-fuel engine or a pure gas engine, and this will always need to be subject to a 
rigorous assessment of the pros and cons of the two technologies. The dual-fuel approach seems to prevail, as shown by the 
designs described in Table 4. With these designs, the dual-fuel approach allows the ship operational flexibility when there is no 
available LNG on board or when, for commercial reasons, there is no desire to use the cargo to fuel the ship.

Pure gas engines have been equally successful, however, and have a good track record in gas-fuelled applications. A pure 
gas engine is the preferred method for the Argos GL concept, despite the fact that diesel or marine gas oil could be available 
as cargo. And Rolls Royce gas engines have been serving gas-fuelled coastal ferries well in northern Europe and especially 
Norway, where having a pure gas engine with spark ignition offers cleanliness and easier maintenance through the ship’s life.

Containment 
system

Type C independent tanks Membrane tanks

Cylindrical Bilobe GTT Mark III GTT NO96

Technical 
considerations

– Allows pressure increase
– Standard fuel system
– Easier installation / maintenance
– Wide construction availability
– Keeping LNG cold is an operational 

consideration
– Flexibility in operation at a range of pressures
– Higher lightweight
– No filling limits by default
–  No secondary barrier

– Space-efficient
– Proven technology on LNG and multigas 

applications
– Long track record
– Construction availability to authorised companies 

only
– Boil-off gas handling
– Special attention to gas fuel system required
– Allows colder LNG to be delivered
– Higher ship’s hull steel weight / lower lightweight
– Project-specific study by GTT to achieve required 

filling limit ranges
–  AiP by LR for use at higher than atmospheric 

pressures

– Capacity < 10k cbm
– Lower costs than 

bilobe

– Capacity > 10k cbm
– Shallow draft 
– Tank volume max

–  Requires provision of CCS components  
from independent manufacturers

–  Requires secondary barrier

Commercial 
considerations

– Lower fabrication costs
– Onboard space requirements 

– Higher infrastructure costs
– Construction as part of ship’s building schedule

– Dead volume –  Higher costs than 
cylindrical tanks

–  Insulation 
components 
fabricated by certain 
licensed companies

–  Cargo insulation 
assembly by shipyard

–  Requires shipbuilder  
to have own 
production line 
for insulation 
components

Table 6: A comparison of the technical and commercial considerations for Type C and membrane tanks
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For a small-scale LNG ship, the challenge is also whether to choose a direct-driven or diesel-electric (gen-set) concept. 
Here the selection is not straightforward and very much depends on the operating envelope of the vessel – factors such as 
available space, speed range and manoeuvrability needs. 

Lastly, the size of a small-scale LNG ship dictates that medium-speed (four-stroke) technology has a stronger presence on 
such projects. The benefits of two-stroke technology on large LNG carriers (greater efficiency and greater ease of operation 
and maintenance for ship managers) diminish when applied at small scale. 

Furthermore, when more than one propulsion driver is needed, a medium-speed engine would be preferred. Figure 11 
shows typical arrangements for both direct-driven and diesel-electric dual-fuel concepts. 
 

4.2.1 Compliance with air emissions regulations
Compliance with ECA-SOx and ECA-NOx requirements (see Figure 5 for the ECA locations) is an issue that needs to be 
addressed at the early stages of concept development. The main driver is the ship’s geographic operating range, although 
SOx requirements may not be a major challenge since all available dual-fuel technologies, whether operating in either gas 
mode or on distillates, can easily maintain fuel sulphur content below the allowable limit.

For new ships intending to operate and offer LNG bunkers inside ECA-NOx, the engine certification must meet the 
requirements of the NOx Technical Code.
 
Indications from the industry show that engine solutions using the Otto cycle (actually the most common cycle for medium-
speed 4-stroke engines) would be significantly preferred. This is because Otto cycle engines can be provided with dual 
certification under the NOx Technical Code: this allows the engine to meet the Tier III requirements when operating in gas 
mode (using pilot fuel) and also to be Tier II compliant when the vessel is operating in liquid mode outside Tier III zones. 

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

Figure 11: Direct-driven (left) and diesel-electric (right) dual-fuel arrangements
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4.3 Boil-off gas management
Due to the tank sizes on small-scale LNG ships – irrespective of the insulation technology – typical boil-off rates of 0.25% 
are expected. This differs from the standard 0.1% boil-off rate currently achieved on large 170k LNG carriers using the same 
technology.

Boil-off gas generated from the cargo tanks is mainly dealt with through the ship’s propulsion engines and gas combustion 
units. This is the common method for most LNG carriers.

Reliquefaction plants have been installed in designs without gas-fuelled propulsion engines such as Q-Flex and Q-Max ships. 
Recently, LNG carriers have been constructed with partial reliquefaction systems on board to achieve further reduction of 
the daily boil-off rate. Partial re-liquefaction systems use a heat exchanger where LNG cools the boil-off gas and liquefied 
gas returns to the cargo tanks. With these systems, no additional refrigerant is needed and therefore no additional energy 
is required to operate the plant. 

During loading and discharge of cargo LNG at terminals, large quantities of vapour gas are generated. These vapours are 
dealt with through the terminal facilities for vapour management and the ship’s equipment cannot be used. Therefore, a 
reliquefaction system – partial or full – is not essential equipment on LNG carriers.

Similarly to large LNG carriers, small-scale LNG distribution carriers do not require reliquefaction capabilities.

When bunkering LNG-fuelled ships, the receiving vessel will have no means to handle the vapours produced. Therefore, the 
gas and the vapour returns need to be dealt with by suitable equipment on board LNG bunkering ships.

Figure 12 illustrates a typical arrangement on LNG bunkering ships to manage the boil-off gas generated from ship’s cargo 
tanks and during LNG bunkering operations.

Figure 12: The boil-off gas management process
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4.4 LNG bunkering system equipment 
4.4.1 Flexible hoses
Ship-to-ship transfer of LNG between large LNG carriers is carried out via flexible hoses. The ships’ design and compatibility, 
as well as the crew competency that results from the standardised process, have made this a successful way of transferring 
LNG cargo at large scale.

A similar approach is suitable for small-scale LNG distribution carriers delivering LNG in small quantities to shore facilities. 

When it comes to LNG bunkering, flexible hoses have been used 
successfully in the past two years for specific ship-to-ship projects. An 
example is Viking Grace, which uses 6-inch Gutteling hoses connected to 
the manifold via a dry coupling and a marine ‘quick connect disconnect’ 
(QC/DC) valve approved by LR. This is a successful methodology when 
flexibility is not required and the bunkering is project-specific. 

4.4.2 Loading arms
The developing market for LNG bunkers is creating wider operating 
envelopes, including the need to deliver LNG bunkers to non-identical 
ships. In the design of LNG bunkering ships, this need is being met by 
adopting loading arm technologies. This is not a new technology, but 
historically it has been used at large scale on FSRUs and FLNGs and at LNG 
terminals. Scaling down these loading arm designs to the needs of an LNG 
bunkering ship requires expert engineering capabilities to adapt the arm to a smaller hull serving a large ship. 

LR is working together with Shell and FMC Technologies in order to achieve LNG bunkering through a smaller loading arm 
using cryogenic metallic pipes for delivering LNG and receiving gas. The arm has three axis freedom movements to adapt to 
a wide range of LNG fuelled ships’ bunkering stations and even ultra large container ships. The technology also has state-
of-the-art safety features.  

Other arrangements with flexible hoses supported by mechanical appliances, or a combination of flexible hoses with steel 
transfer pipes, have been developed and approved by Lloyd’s Register.

To ensure a safer and more efficient LNG bunkering transaction, the loading arm features:

 –  two-stage emergency shutdown (ESD)  
 –  emergency release systems (ERS) or alternatives such as quick closing dry breakaway coupling (QCDBC)
 –  remote operations from the LNG bunkering vessel side. 

Bunkering Viking Grace

Figure 13:  FMC Technologies’ loading arm design
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5. Conclusions

The LNG trading network is developing globally, driven by significant support from the private and state sectors. The 
increasing demand for LNG in remote locations and its widening application, mainly as a marine short-sea fuel but recently 
deep-sea, has created the need to develop, or rather re-instate, a small-scale LNG industry.

The potential for business cases is evident worldwide, but particularly in the US, Europe and Asia.

The technology is available for small-scale LNG ship applications. Type C or membrane tanks are preferred, but Moss-type B 
technology is technically possible and has served the sector well. 

Due to the size of small-scale LNG ships, compact machinery spaces are needed – hence, the medium-speed four-stroke 
engine will prevail over the two-stroke. It also appears that in most small-scale cases, direct-driven propulsion arrangements 
will be preferred over diesel-electric arrangements. What is certain is that these ships will be gas-fuelled, as this allows 
compliance with air pollution requirements and offers a means of actively managing boil-off gas.

LNG bunkering ship designs have greater complexity. They present a range of technical challenges that require expert 
engineering knowledge to be applied – including reliquefaction technologies, loading arms and even CNG boil-off gas 
technology.    

The small-scale LNG market is still evolving and more commercial and technological developments are expected. The early 
entrants to the sector are setting the standard, and Lloyd’s Register is proud to have been involved in these milestone projects. 
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