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 1
Introduction
DNV GL was engaged by the International Maritime Organization (IMO) to study the feasibility of using LNG 
(Lique�ed Natural Gas ) as a ship fuel for international shipping in the North American Emission Control Area  
(ECA).   IMO is in the process of identifying the feasibility for LNG as a fuel for shipping in the North American 
ECA that came into effect on 1 August 2012. 

The objective of this study was to gather new knowledge about the potential of LNG powered shipping in the 
North American ECA and identify the necessary conditions for the successful implementation of LNG as a fuel 
source for shipping in the region.

1.1	 Background
IMO is a specialized agency of the United Nations. It has responsibility for the regulation of international 
shipping, in particular for the safety of life at sea and the prevention of marine pollution.

The International Convention for the Prevention of Pollution from Ships (MARPOL) is the main international 
convention covering prevention of operational or accidental pollution of the marine environment by ships. 
MARPOL Annex VI, speci�cally addressing air pollution from ships, entered into force in 2005.

A signi�cant challenge for shipping is that it is required under MARPOL Annex VI to meet increasingly stringent 
emission limits for pollutants within Emission Control Areas (ECAs). 

These are regions where local ecological, oceanographical or vessel traf�c patterns justify a higher level of 
protection from pollution.  Figure 1 summarizes the changes to the global and ECA sulphur limits over time.

Figure 1: Worldwide and ECA sulphur limits on marine diesel fuels

As can be seen, 2015 will be a signi�cant milestone for the reduction of sulphur inside ECAs, as well as 2020 
when the global limit on the emission of sulphur oxides (SOx) will see a signi�cant reduction. In addition, 2016 
will see the Tier III nitrous oxide (NOx) requirement for new build vessels come into force. Looming on the 
horizon is also the real possibility of the establishment of more ECAs around the world. A further challenge to 
the regulatory environment is the increasing cost of fuel and the expected increase in the cost of low sulphur 
fuel when the demand sharply rises.
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12  North America ECA

The three main options currently available to the industry to meet air quality environmental targets are: using 
low sulphur fuels/distillates, installing exhaust gas cleaning systems or using lique�ed natural gas (LNG) as a 
primary fuel.

Ships carrying LNG as cargo have been fuelled by gas for over 50 years. The �rst merchant ship which was not 
an LNG carrier and which used LNG as a fuel source was the Norwegian ferry GLUTRA which was built in 
2000. DNV issued the �rst Classi�cation Society Rules in 2001 for gas fuelled ships and these rules were used 
as input for the IMO Interim Guidelines on Safety for Natural Gas-fuelled Engines, resolution MSC 285(86).

Since 2001, over 40 LNG fuelled merchant ships have been built and are operating with about a further 
40�ships under construction or undertaking conversion (as of October 2013). Of the con�rmed new builds and 
conversions about 15 are in North America.

However, despite the increasing interest driven primarily by the need to comply with ECA regulations there 
is still signi�cant work to be done to determine the full potential and extent to which LNG, as a potential fuel 
source, is a truly viable option for wider application.

Currently, there are three MARPOL Annex VI designated ECAs worldwide: the Baltic Sea Area, the North 
Sea Area and the North American ECA. In addition, a US Caribbean Sea Emission Control Area will enter 
into effect on 1 January 2014. As the health and environmental bene�ts of reducing airborne pollution are 
increasingly quanti�ed it is possible that other regions may apply for an ECA designation in the future.

The use of LNG is considered to have signi�cant environmental advantages. An LNG fuelled ship reduces the 
emissions of NOx by 85% to 90% (using a gas only engine), and SOx and particles by close to 100% compared 
to today�s conventional fuel oil. In addition, LNG fuelled ships may result in a net reduction of greenhouse gas 
(GHG) emissions.

There is signi�cant variation in the LNG price among various geographic regions. Due to shale gas availability, 
North America has the lowest natural gas price, with natural gas (Henry Hub price) trading in a range from 
2 to 4 USD/mmbtu since 2012. However, the actual price of LNG delivered to a ship�s fuel tanks is a critical 
factor in the �nancial feasibility analysis and this cost is subject to some uncertainty based on the supply chain 
as well as the pricing model chosen by the supplier.

Shipping plays a vital role in the movement of goods within the North American ECA, with many remote 
communities heavily reliant upon it for commodities. Further there is a need to consider increased operation 
of cruise passenger ships within the North American ECA. Policy makers and regional governments, realizing 
the importance of a clean and healthy environment to their people as well as to their economies, are looking 
for sustainable, cleaner alternatives.

The most critical issue is adequate fuelling (bunkering stations) facilities; how to provide suf�cient supply of 
fuel to ships safely, ef�ciently and reliably. Shipboard design is also important, and the primary question in this 
regard is: could existing vessels in the region be retro�tted or will new builds be required.

1.2	 Geographic coverage
The area of the North American ECA includes waters adjacent to the Paci�c coast, the Atlantic/Gulf coast 
and the eight main Hawaiian Islands. It extends up to 200 nautical miles from coasts of the United States, 
Canada and the French territories, except that it does not extend into marine areas subject to the sovereignty 
or jurisdiction of other States. It also includes the St Lawrence Seaway, the Great Lakes and rivers (such as 
the Mississippi), which are accessed by international shipping. Figure 2 shows the North American Emission 
Control Area that came into effect on 1 August 2012.

Figure 2: North American Emission Control Area [EPA 2010]
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Figure 2: North American Emission Control Area [EPA 2010]
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2
International shipping in NA ECA
The shipping in the North American ECA consists of domestic shipping in the US and Canada, shipping 
between the two countries, and other international trade and vessels calling at ports in the US and Canada.  
Though the scope of this study is the feasibility of using LNG as a fuel source for international shipping, it is 
also important to discuss the domestic shipping in North America as this is a key driver in the demand for 
LNG as a shipping fuel, the infrastructure development, and for the implementation of domestic regulations 
and requirements.

Therefore, in the following chapter, the shipping segments and trade patterns are examined for international 
shipping in the NA ECA, as well as the domestic activity for US and Canadian shipping.

2.1	 Major shipping routes and trade patterns
In Figure 3 the major shipping routes worldwide are shown.[1] The data was compiled from 1,469 ports and 
comprises nearly 3 million ship journeys, from 32,000 ships of any type and any size above 10,000 GT during 
2007 to 2008. It is clearly seen that some of busiest shipping routes are into and within the North American 
ECA.

Figure 3: Major shipping routes

Especially, the cargo ship traf�c intensity in the Eastern seaboard and the Gulf of Mexico is very high.

2.2	 Shipping overview and trade statistics
In order to get an overview of the shipping traf�c in the ECA, statistical data collected from various databases 
and agencies can be used. In this study, the focus was to identify the ports with the most vessel calls, the 
busiest port and the type of vessel. Appendix B lists the total cargo volume for the US and Canadian ports, 
including domestic and international trade.
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16  North America ECA

A closer look of the trade pattern in the ECA is carried out based on an analysis of vessel calls in all the 
major ports in USA. The data is collected from the US Army Core of Engineers[2] and covers all domestic and 
international vessel calls in 2011. The analysis of the data is presented in Appendix B, some of the main results 
are presented in the following �gures.

Figure 4 shows all the vessel calls listed by ship type for the 20 busiest ports in US, both domestic and 
international calls.

Figure 4: Vessel call by ship type

The next �gure shows the 20 busiest ports in the US ranked by the number of vessel calls. A vessel call used 
in the following tables and graphs is based on the port entry data.

Figure 5: Major US ports by vessel calls

For some of the major ports the destination ports are presented for the routes with more than 50 annual calls. 
Figure 6 shows the domestic traf�c routes for Houston, South Louisiana, New York and Savannah.

Figure 6: Domestic routes for major US ports by vessel calls
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Figure 6: Domestic routes for major US ports by vessel calls
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The data can also be used to analyse the ship type traf�c between the ports, and as an example the ship types 
between the South Louisiana and Houston is shown in �gure 7.

Figure 7: Vessel traf�c South LA to Houston

The international routes between the ports can also be presented and traf�c between Houston and Mexico is 
shown in �gure 8 (Houston to Tampico, Puerto Madero and Altamira).

Figure 8: Vessel traf�c Houston to Mexico

There are also other studies of the ship traf�c into the North American ECA. The report for IMO in regards to 
the feasibility of LNG as a fuel for the Wider Caribbean Region (WCR) ECA[3] analysed the RAC-REMPETIC 
Caribe GIS database for maritime traf�c in the Wider Caribbean Region. The results are also of interest for this 
study because of the large amount of traf�c between the North American ECA and the WCR ECA.

The West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint Industry Project[4] evaluated the vessel 
calls on the Canadian West Coast and in the Paci�c Northwest where there is also high ship traf�c intensity.

2.3	 Main shipping segments
The following describes the features of the main shipping segments worldwide, and the current size and order 
book of the international �eet. The current interest and adoption of LNG as a fuel for each segment both 
internationally and in North America are also discussed.

2.3.1	 Oil tankers
This market segment makes up the single largest ship type in the world due to the preponderance of the 
transport of petroleum products. Both Clarkson�s and Fairplay continue to rate the tanker market as sluggish in 
the near term. With some experts predicting an increase in oil imports to Asia of around 9% and a decrease 
in imports in the United States of around 7% in the near term, the number of tankers is expected to stay �at.1  
The current disposition of the international �eet is shown in table 1. The current number is the estimated total 
number of ships actively trading, while the world order book is the estimated number of new builds contracted 
for delivery in the next 1 to 4 years. If one considers that the economic life of a ship is 20 to 30�years, then the 
world order book is a good indicator of how the industry views the market outlook for that vessel type over 
the next several decades.

 1	 Clarkson�s Shipping Review and Outlook, September 2012.

Table 1 � World tanker �eet. Data courtesy of Clarkson�s Shipping Intelligence

World Tanker Fleet

Type Current number World order book

VLCC 625 56

Suezmax 493 55

Aframax 911 84

Panamax 414 26

Handy 2,594 263

Small <10K 6,287 171

Tankers total 11,320 655

Thus far no crude carrier has been powered by LNG, but there are concepts such as DNV�s TRIALITY VLCC 
(�gure 9).

Figure 9: DNV�s TRIALITY concept for an LNG fuelled VLCC

However, there is currently one product tanker operating with LNG as a fuel and it is the BIT VIKING. The 
vessel was converted in 2011 and is using dual fuel main engines that can operate on either gas or diesel fuel. 
The vessel is operating in the North Sea (�gure 10).

Figure 10: BIT VIKING LNG fuelled product tanker

In addition, there has also been a contract signed for the delivery from a US shipyard of up to six 50,000 DWT 
LNG ready product tankers for the US market. The construction of these Jones Act vessels is slated to start in 
the fourth quarter of 2015. The shipyard�s image of the tankers is shown in �gure 11.
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20  North America ECA

Figure 11: LNG ready US Jones Act  product tankers (Photograph reproduced courtesy of NASSCO)

2.3.2	 Bulk carriers
Bulk carriers make up a large portion of the world �eet. Like tankers these are typically large, slow speed, 
relatively simple ships. The current disposition of the �eet is shown in table 2. The market outlook for bulk 
carriers is expected to be 2% to 4% growth in the near term giving very modest growth in the �eet. Bulk 
carrier owners are also facing a tough �nancing environment slowing growth in this segment.

Table 2 � World bulk carrier �eet. Data courtesy of Clarkson�s Shipping Intelligence

World Bulk Carrier Fleet

Type Current number World order book

Capesize 1,547 255

Panamax 2,288 455

Handymax 2.890 546

Handy size 3,022 384

Total 9,747 1,640

There are no large size bulk carriers that are being powered by LNG, but there have been some concept 
designs that have been developed. The ECO-ship 2020, an open hatch bulk carrier, and ECORE, a Very Large 
Ore Carrier (VLOC), are concept designs using LNG as a fuel that have been developed by industry partners, 
including DNV. Images of the two concept designs are shown in �gure 12 and �gure 13.

Figure 12: Concept design DNV and Oshima ECO-ship

Figure 13: Concept design ECORE VLOC

In North America, the bulk carriers operating on the Great Lakes are considered likely candidates for using 
LNG as a fuel and the �rst projects for converting existing vessels have been recently announced. Interlake 
Steamship Co., a US company that owns eight self-unloading ore carriers operating on the Great Lakes, has 
announced its intention to convert seven of the vessels in the �eet to use LNG as the main propulsion fuel. 
The �rst vessel planned to be converted is the M/V MESABI MINER.

2.3.3	 Container ships
Since the �rst container ship liner service from the US to Rotterdam in 1966, this market segment has grown 
tremendously. These ships range in size from a feeder vessel, of few hundred containers, to the Ultra Large 
Container Vessels (ULCV) of over 18,000 TEUs. These are typically large, fast and complex ships generally 
operated on a liner service. The world container ship is broken down by size as follows:

Table 3 � World container ship �eet. Data courtesy of Clarkson�s Shipping Intelligence

World Container Ship Fleet

Type Current number World order book

Post Panamax 8000 TEU+ 529 248

Post Panamax 3-8000 TEU 619 97

Panamax 3�5000 TEU 915 13

Sub Panamax 2�3000 TEU 667 44

Handy 1�2000 TEU 1,230 65

Feeder 100�1000 TEU 1,165 9

Total 5,125 476

This market segment is expected to see signi�cant growth in the use of LNG fuel; however, the challenge for 
ships on longer voyages will be the increased cargo space that must be converted to fuel storage to give a 
suf�cient range. Figure 14 below illustrates two of the recent concept designs put forth by DNV and GL.

Figure 14: GL�s LNG powered container feeder concept, DNV�s QUANTUM large container concept
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Figure 13: Concept design ECORE VLOC

In North America, the bulk carriers operating on the Great Lakes are considered likely candidates for using 
LNG as a fuel and the �rst projects for converting existing vessels have been recently announced. Interlake 
Steamship Co., a US company that owns eight self-unloading ore carriers operating on the Great Lakes, has 
announced its intention to convert seven of the vessels in the �eet to use LNG as the main propulsion fuel. 
The �rst vessel planned to be converted is the M/V MESABI MINER.

2.3.3	 Container ships
Since the �rst container ship liner service from the US to Rotterdam in 1966, this market segment has grown 
tremendously. These ships range in size from a feeder vessel, of few hundred containers, to the Ultra Large 
Container Vessels (ULCV) of over 18,000 TEUs. These are typically large, fast and complex ships generally 
operated on a liner service. The world container ship is broken down by size as follows:

Table 3 � World container ship �eet. Data courtesy of Clarkson�s Shipping Intelligence

World Container Ship Fleet

Type Current number World order book

Post Panamax 8000 TEU+ 529 248

Post Panamax 3-8000 TEU 619 97

Panamax 3�5000 TEU 915 13

Sub Panamax 2�3000 TEU 667 44

Handy 1�2000 TEU 1,230 65

Feeder 100�1000 TEU 1,165 9

Total 5,125 476

This market segment is expected to see signi�cant growth in the use of LNG fuel; however, the challenge for 
ships on longer voyages will be the increased cargo space that must be converted to fuel storage to give a 
suf�cient range. Figure 14 below illustrates two of the recent concept designs put forth by DNV and GL.

Figure 14: GL�s LNG powered container feeder concept, DNV�s QUANTUM large container concept
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In North America, the container ship segment has recently seen several announced projects in converting 
existing vessels, as well as new builds with LNG as the fuel. The US based company TOTE Inc. has recently 
ordered the conversion of the two existing ro-ro ships which operate between Paci�c Northwest (Tacoma,�WA) 
and Alaska. The company has also signed a contract with a US shipyard for the new construction of 
two�3100�TEU ships with an option for three more. These Jones Act (see section 2.4.2 for explanation of the 
Jones Act) container ships are intended for the USA to Puerto Rico trade and are expected to be powered by 
MAN Diesel two stroke dual fuel engines (�gure 15).

Figure 15: TOTE LNG fuelled container ships (Image reproduced courtesy of TOTE)

Another US company, Matson, has also signed a contract with a US shipyard for the construction of 
two�3600�TEU container ships equipped with dual fuel engines. These are also Jones Act vessels and are 
intended for trade from the US West Coast to Hawaii. A rendition of the vessels is shown in �gure 16.

Figure 16: MATSON ALOHA Class container ship (Image reproduced courtesy of Matson)

Crowley Maritime has also con�rmed a project to build two LNG fuelled ConRo ships with DNV class at a 
US�shipyard. These are also Jones Act vessels and are intended for the USA to Puerto Rico trade (�gure 17).

Figure 17: Crowley Commitment Class ConRo vessels  
(Image reproduced courtesy of Crowley Maritime Co.)

In addition, Horizon Lines have announced plans to convert the power plants on two of its steam turbine cargo 
vessels and install dual fuel engines. The United States Coast Guard (USCG) has completed a pre-determination 
that this conversion could be done in a non-US shipyard without jeopardizing the Jones Act status of the 
vessels.

2.3.4	 Offshore supply and support vessels
This is another market segment where interest in LNG fuel is high. Signi�cant investment has been made with 
twelve OSVs currently operating in the North Sea with LNG as a fuel and an additional ten vessels on order 
worldwide as on 1 November 2013. Six of the ordered OSVs are being built in the US and will be operated in 
the Gulf of Mexico by Harvey Gulf Offshore. The current make-up of the world offshore vessels is presented 
in table 4.

Table 4 � World offshore support vessels

World Offshore Support Vessel Fleet

Type Current number World order book

AHTS 2951 212

Crew Boat 653 222

Drill Ship 82 100

Pipe lay 42

PSV 855 417

Multi-Purpose 331

ROV 34

Diving Support 104

Heavy Deck/Lift 292 No data available 

Survey/Research 1043  No data available

Total 6387 951
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Crowley Maritime has also con�rmed a project to build two LNG fuelled ConRo ships with DNV class at a 
US�shipyard. These are also Jones Act vessels and are intended for the USA to Puerto Rico trade (�gure 17).

Figure 17: Crowley Commitment Class ConRo vessels  
(Image reproduced courtesy of Crowley Maritime Co.)

In addition, Horizon Lines have announced plans to convert the power plants on two of its steam turbine cargo 
vessels and install dual fuel engines. The United States Coast Guard (USCG) has completed a pre-determination 
that this conversion could be done in a non-US shipyard without jeopardizing the Jones Act status of the 
vessels.

2.3.4	 Offshore supply and support vessels
This is another market segment where interest in LNG fuel is high. Signi�cant investment has been made with 
twelve OSVs currently operating in the North Sea with LNG as a fuel and an additional ten vessels on order 
worldwide as on 1 November 2013. Six of the ordered OSVs are being built in the US and will be operated in 
the Gulf of Mexico by Harvey Gulf Offshore. The current make-up of the world offshore vessels is presented 
in table 4.

Table 4 � World offshore support vessels

World Offshore Support Vessel Fleet

Type Current number World order book

AHTS 2951 212

Crew Boat 653 222

Drill Ship 82 100

Pipe lay 42

PSV 855 417

Multi-Purpose 331

ROV 34

Diving Support 104

Heavy Deck/Lift 292 No data available 

Survey/Research 1043  No data available

Total 6387 951
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The �gure below is an illustration of the OSVs being built by Harvey Gulf. The �rst vessel is expected to be 
delivered in the �rst quarter of 2014.

Figure 18: An illustration of Harvey Gulf�s LNG powered OSVs  
(Image reproduced courtesy of Harvey Gulf)

2.3.5	 Passenger and cruise vessels
The �rst LNG fuelled vessel was a car ferry in Norway, and of the current �eet of LNG fuelled ships the 
passenger coastal ferry segment is still the largest. The option of using LNG as a fuel is attractive to these types 
of vessel, because of the operating pro�le as well as for economic, regulatory and environmental reasons.

In North America, the Canadian ferry operator SociØtØ des traversiers QuØbec (STQ) has ordered three LNG 
fuelled car ferries to be used on the St Lawrence waterway. There are two different new building projects, 
with one LOA 130 m ferry being built at an Italian shipyard, and the two other LOA 92 m ferries to be built at 
a Canadian shipyard (�gure 19).

Figure 19: Renditions of SociØtØ des traversiers QuØbec LNG ferries

In addition, BC Ferries and Washington State Ferry system, which are operating large ferry networks in the 
Paci�c Northwest, have shown considerable interest in the use of LNG as fuel for both its existing vessels as 
well as for future new building projects.

The cruise ferries are another ship type where LNG as a fuel is used and is expected to see more growth. 
Viking Line is operating the largest LNG powered passenger ship to date between Stockholm and Helsinki in 
the Baltic Sea. The vessel entered service in January 2013 and is a combination roll-on/roll-off and passenger 
ferry (�gure 20).

Figure 20: VIKING GRACE with external LNG tanks (Image reproduced courtesy of Marine Insight.com)

Another cruise ferry in service with gas fuelled engines is the MS STAVANGERFJORD, operating between 
Norway and Denmark with a sister ship under construction (�gure 21).

Figure 21: Fjord Line�s MS STAVANGERFJORD (Image reproduced courtesy of Fjordline.com)

For the cruise vessel segment, the option of using LNG is also a very relevant and attractive option, especially 
since most of the cruise vessels operate inside the ECAs for a majority of the time.

AIDA Cruises is expected to be the �rst cruise line to use dual fuel engines for its two new dedicated cruise 
ships being built in Japan. Other cruise lines are also considering the use of LNG as a fuel for new building 
projects. For the existing vessels, the cruise lines are also evaluating different compliance options to meet the 
SOx requirements inside the NA ECA. The cruise industry is considering the use of LNG powered barges to 
supply shore power when in US port, so called �cold ironing� barges.
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In addition, BC Ferries and Washington State Ferry system, which are operating large ferry networks in the 
Paci�c Northwest, have shown considerable interest in the use of LNG as fuel for both its existing vessels as 
well as for future new building projects.

The cruise ferries are another ship type where LNG as a fuel is used and is expected to see more growth. 
Viking Line is operating the largest LNG powered passenger ship to date between Stockholm and Helsinki in 
the Baltic Sea. The vessel entered service in January 2013 and is a combination roll-on/roll-off and passenger 
ferry (�gure 20).

Figure 20: VIKING GRACE with external LNG tanks (Image reproduced courtesy of Marine Insight.com)

Another cruise ferry in service with gas fuelled engines is the MS STAVANGERFJORD, operating between 
Norway and Denmark with a sister ship under construction (�gure 21).

Figure 21: Fjord Line�s MS STAVANGERFJORD (Image reproduced courtesy of Fjordline.com)

For the cruise vessel segment, the option of using LNG is also a very relevant and attractive option, especially 
since most of the cruise vessels operate inside the ECAs for a majority of the time.

AIDA Cruises is expected to be the �rst cruise line to use dual fuel engines for its two new dedicated cruise 
ships being built in Japan. Other cruise lines are also considering the use of LNG as a fuel for new building 
projects. For the existing vessels, the cruise lines are also evaluating different compliance options to meet the 
SOx requirements inside the NA ECA. The cruise industry is considering the use of LNG powered barges to 
supply shore power when in US port, so called �cold ironing� barges.
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In the US, EPA did not accept a proposal from the cruise industry to use an averaging scheme to meet the ECA 
requirements. Some of the major cruise lines have decided to install exhaust gas scrubbers in the near and 
medium future in order to comply with the requirements for SOx emissions.

Carnival Corp. has been given a conditional acceptance from the EPA and USCG, as US port state representatives, 
for a programme to develop and apply scrubber technology as a method for NA ECA compliance. This 
technology will incorporate removal of SOx as well as reduction of particulate matter from the diesel engine 
exhaust gas. The exhaust gas cleaning systems will be installed on 32 ships belonging to Carnival Group that 
have signi�cant operations inside the North American ECA at a price of $1m to $1.5m per engine. A trial of 
these systems will cover several engine types, sizes and con�gurations, and installations will occur during 
regular dry dockings from 2014 into early 2016.

Despite the recent incidents such as the COSTA CONCORDIA and CARNIVAL TRIUMPH that have negatively 
affected the reputation of the cruise industry, the market outlook for cruise ships is quite good with modest 
growth in the �eet expected.

The current cruise �eet and order book is listed in table 5.

Table 5 � World cruise ship �eet and order book. Data courtesy of Clarkson�s

World Cruise Ship Fleet

Type Current number World order book

Passenger vessels 1,313 71

Cruise ship 368 25

Total 1,681 96

2.3.6	 Refrigerated cargo ships and car carriers
Although these two market segments are quite small and no LNG powered ships have been reported, these 
ships would likely bene�t from the use of LNG fuel and may see some interest in the future. The refrigerated 
cargo market has declined in recent years due to the ability of container ships to haul refrigerated containers, 
but there are still 871 ships actively trading. The car carrier market, on the other hand, is expected to see 
modest growth over the next several years. The current number of each vessel type and world order book is 
shown in table 6.

Table 6 � World �eet of reefer ships and pure car carriers. Data courtesy of Clarkson�s

World Reefer and Car Carrier Fleet

Type Current number World order book

Reefer ship 871 2

Car carrier 754 62

Total 1625 64

2.3.7	 LPG/LNG
LNG carriers have been using LNG for fuel since the earliest days of the trade. When steam turbines were the 
propulsion system of choice, boil off from the cargo was piped to the boilers and burned to produce steam 
for propulsion. Most modern LNG tankers now use dual fuel diesel engines that can burn any combination of 
LNG and marine bunkers. The use of cargo boil off for fuel will preclude LNG tankers from taking separate 
LNG bunkers and hence this is not expected to be a market for LNG bunkering in the future. The current �eet 
and order book is listed in table 7.

Table 7 � World LNG/LPG �eet and order book. Data courtesy of Clarkson�s

World Reefer and Car Carrier Fleet

Size (m3) Current number World order book

LNG 379 115

LPG >5000 cu.m 606 116

Total 985 231

There has been some recent activity in the Lique�ed Petroleum Gas carrier segment (LPG). Anthony Veder 
Inc. has ordered two small LNG powered ethylene carriers for service in the North Sea. This segment may see 
some conversions and new building with LNG fuel in the next 15 years. 

2.4	 North American shipping and domestic �eets
The Canadian and USA �agged vessels can be considered for the purpose of this study as the North American 
domestic �eet. The large majority of these vessels are not engaged in international shipping, but are used for 
waterborne transportation and services within and between the respective navigable waterways of the two 
countries. However, this means that this �eet will operate within the NA ECA and that the demand for LNG 
from the domestic �eet will be an important factor in the availability of LNG and bunkering facilities for the 
international shipping coming in and out of the NA ECA.

2.4.1	 US domestic shipping
In 2011, US waterborne trade (foreign and domestic) amounted to over 2.1 billion metric tons. Domestic trade 
accounted for about 0.8 billion metric tons of the total with over 70% transported on the Great Lakes and 
inland waterways.[5]

The trend in the waterborne commerce of the US in million short tons is shown in �gure 22.

 

Figure 22: Waterborne commerce of the USA

It is seen that the domestic waterborne commerce has had a slight decrease over the last 20 years and that 
growth has been in the foreign trade. The domestic waterborne commerce is dominated by barge traf�c which 
in 2011 accounted for about 80% of the total.

The waterborne trade between the US and Canada was about 70 million metric tons in 2011, which is less 
than 10% of the US domestic waterborne trade.
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Table 7 � World LNG/LPG �eet and order book. Data courtesy of Clarkson�s

World Reefer and Car Carrier Fleet

Size (m3) Current number World order book

LNG 379 115

LPG >5000 cu.m 606 116

Total 985 231

There has been some recent activity in the Lique�ed Petroleum Gas carrier segment (LPG). Anthony Veder 
Inc. has ordered two small LNG powered ethylene carriers for service in the North Sea. This segment may see 
some conversions and new building with LNG fuel in the next 15 years. 

2.4	 North American shipping and domestic �eets
The Canadian and USA �agged vessels can be considered for the purpose of this study as the North American 
domestic �eet. The large majority of these vessels are not engaged in international shipping, but are used for 
waterborne transportation and services within and between the respective navigable waterways of the two 
countries. However, this means that this �eet will operate within the NA ECA and that the demand for LNG 
from the domestic �eet will be an important factor in the availability of LNG and bunkering facilities for the 
international shipping coming in and out of the NA ECA.

2.4.1	 US domestic shipping
In 2011, US waterborne trade (foreign and domestic) amounted to over 2.1 billion metric tons. Domestic trade 
accounted for about 0.8 billion metric tons of the total with over 70% transported on the Great Lakes and 
inland waterways.[5]

The trend in the waterborne commerce of the US in million short tons is shown in �gure 22.

 

Figure 22: Waterborne commerce of the USA

It is seen that the domestic waterborne commerce has had a slight decrease over the last 20 years and that 
growth has been in the foreign trade. The domestic waterborne commerce is dominated by barge traf�c which 
in 2011 accounted for about 80% of the total.

The waterborne trade between the US and Canada was about 70 million metric tons in 2011, which is less 
than 10% of the US domestic waterborne trade.
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The transportation in US is also characterized by a range of relatively small ports rather than a few big ones; 
the largest port, Port of South Louisiana, represents only about 7% of the total trade volume. This is unlike 
Canada and other parts of the world where just a few large ports represent the major share of total trade.

2.4.2	 US domestic �eet
The US domestic �eet numbers more than 40,000 watercrafts, primarily tugs and barges. The Merchant 
Marine Act of 1920, also known as the Jones Act, is a United States federal statute that provides for the 
promotion and maintenance of the American merchant marine. Among other purposes, the law regulates 
maritime commerce in US waters and between US ports. Section 27 of the Jones Act deals with cabotage 
(i.e. coastal shipping) and requires that all goods and passengers transported by water between US ports be 
carried on US �ag ships, constructed in the United States, owned by US citizens, and crewed by US citizens 
and US permanent residents.

The �eet of US �ag and Jones Act vessels supports the domestic trade and movement of some 90 million 
passengers.2 The actual �eet of ships, however, is quite small. The breakdown of the US �agged vessels and 
the Jones Act authorized ships are shown in table 8. When dry and tank barges are removed, there are about 
7,000 Jones Act vessels, of which 80% are tugs.

Table 8 � US owned and Jones Act vessels. Data courtesy of MARAD & Clarkson�s

US Flagged Vessels Jones Act Vessels

Ocean 179 Ocean-going vessels 90

Tankers 49 Lakers 48

Dry Bulk 6 Tugs 5,735

Container 29 Dry Barge 27,483

Ro-ro 32 Tank Barge 4,731

ITB 2 Offshore 525

General 21 Ferries 604

Coastal 39,620 Total 39,224

Tugs 5,735

Dry barge 27,483

Tank barge 4,731

Offshore 1,067

Ferries 604

Total 39,799

2.4.2.1	Offshore support vessels
From the Clarkson�s vessel database the current �eet of US �agged offshore support vessels is broken down 
as follows:

Table 9 � Breakdown of US OSV �eet. Data courtesy of Clarkson�s

US Offshore Fleet

Type Current number World order book

OSV/PSV 573 70

AHT/S 105 1

Crew/Workboat 218 6

Survey 107 4

Diving, ROV support 17 6

Oil Response, Well, Misc. 47 �

Total 1,067 87

 2	MARA D US-Flag Waterborne Domestic Trade and Related Programs.

Most of these vessels fall into the crew/fast supply category and are 50 m (164 ft) in length or less. According 
to Marcon International Inc., a vessel chartering and brokerage �rm, there are 199 platform supply vessels and 
anchor handling vessels currently operating in the Gulf of Mexico with a length greater than 55 m (180 ft). It is 
expected that offshore supply vessels able to utilize LNG fuel will be in the 60 m and up range for length. As 
an example, the six ordered LNG fuelled OSVs for Harvey Gulf are 95 m in length.

The offshore vessels serve 31 �oating drilling units, 29 jack-ups and 9 platform rigs. The outlook for the Gulf 
of Mexico oil and gas production is optimistic with the number of rigs expected to increase in the future. This 
will require a larger OSV �eet with larger vessels able to support deep water rigs and it is expected that a 
signi�cant portion will be LNG powered. 

2.4.2.2	Container
There are currently 69 US �agged container vessels according to MARAD. Of these vessels, 26 are Jones Act 
ships. The single largest �eet of US �agged vessels is the 56 container vessels managed by Maersk Line, a 
subsidiary of A.P. Moller Maersk Group, to provide the US government with logistical support. As indicated 
for the international �eet, LNG fuel is expected to be an attractive option for container ships. As discussed 
in section 2.3.3, there have been several conversion and new build contracts announced in the US and 
continued interest in LNG fuel from the domestic container ship segment is expected, but the relative small 
number of ships in operation will have limited impact on the overall demand of LNG as a fuel for shipping.

2.4.2.3	ATBs, tugs, and pushboats
In the US domestic market these vessels make up the largest class of ships. According to MARAD, it is 
estimated that there are 5,735 tugs and pushboats operating in US ports and inland waterways. Although 
challenges exist for the implementation of LNG fuel for these vessels, the bene�ts in operating costs and 
emissions reductions have attracted the attention of operators. There are no con�rmed contracts announced 
in the US for any LNG fuelled vessels in this segment; however, Shell has issued a request for the design and 
construction for LNG bunker barges for the US market.

Two examples of the international activity in this segment are shown below in �gure 23. The �rst example is 
the two Greenstream and Greenrhine barges which have been chartered by Royal Dutch Shell to transport 
liquid fuel on the river Rhine.

The second design is the �rst LNG fuelled tug and is being built at a Turkish shipyard for delivery to the 
Norwegian tug owners Bukser & Bergnings AS. Two tugs are on order, and the �rst vessel is expected to be 
delivered by the end of 2013.

Figure 23: LNG powered tank barge and LNG fuelled tug for B&B  
(Image reproduced courtesy of Tradewinds)
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Most of these vessels fall into the crew/fast supply category and are 50 m (164 ft) in length or less. According 
to Marcon International Inc., a vessel chartering and brokerage �rm, there are 199 platform supply vessels and 
anchor handling vessels currently operating in the Gulf of Mexico with a length greater than 55 m (180 ft). It is 
expected that offshore supply vessels able to utilize LNG fuel will be in the 60 m and up range for length. As 
an example, the six ordered LNG fuelled OSVs for Harvey Gulf are 95 m in length.

The offshore vessels serve 31 �oating drilling units, 29 jack-ups and 9 platform rigs. The outlook for the Gulf 
of Mexico oil and gas production is optimistic with the number of rigs expected to increase in the future. This 
will require a larger OSV �eet with larger vessels able to support deep water rigs and it is expected that a 
signi�cant portion will be LNG powered. 

2.4.2.2	Container
There are currently 69 US �agged container vessels according to MARAD. Of these vessels, 26 are Jones Act 
ships. The single largest �eet of US �agged vessels is the 56 container vessels managed by Maersk Line, a 
subsidiary of A.P. Moller Maersk Group, to provide the US government with logistical support. As indicated 
for the international �eet, LNG fuel is expected to be an attractive option for container ships. As discussed 
in section 2.3.3, there have been several conversion and new build contracts announced in the US and 
continued interest in LNG fuel from the domestic container ship segment is expected, but the relative small 
number of ships in operation will have limited impact on the overall demand of LNG as a fuel for shipping.

2.4.2.3	ATBs, tugs, and pushboats
In the US domestic market these vessels make up the largest class of ships. According to MARAD, it is 
estimated that there are 5,735 tugs and pushboats operating in US ports and inland waterways. Although 
challenges exist for the implementation of LNG fuel for these vessels, the bene�ts in operating costs and 
emissions reductions have attracted the attention of operators. There are no con�rmed contracts announced 
in the US for any LNG fuelled vessels in this segment; however, Shell has issued a request for the design and 
construction for LNG bunker barges for the US market.

Two examples of the international activity in this segment are shown below in �gure 23. The �rst example is 
the two Greenstream and Greenrhine barges which have been chartered by Royal Dutch Shell to transport 
liquid fuel on the river Rhine.

The second design is the �rst LNG fuelled tug and is being built at a Turkish shipyard for delivery to the 
Norwegian tug owners Bukser & Bergnings AS. Two tugs are on order, and the �rst vessel is expected to be 
delivered by the end of 2013.

Figure 23: LNG powered tank barge and LNG fuelled tug for B&B  
(Image reproduced courtesy of Tradewinds)
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2.4.2.4	Tankers
Oil and product tankers are a signi�cant portion of the US �agged ocean going �eet engaged in domestic 
trade. The �gure below is the current �eet and order book.

Table 10 � Breakdown of US tanker �eet. Data courtesy of Clarkson�s

US Tanker Fleet

Type Current number World order book

Product/Chem. carriers 33 10

Shuttle Tankers 2 �

Oil Tanker 14 2

Total 49 12

The US tanker and product tanker segment have shown some interest in the option of using LNG to comply 
with the ECA requirements. 

Shuttle tankers are necessary when an FPSO is used to produce an oil or gas play in deep water. These 
tankers remove the accumulated oil from the FPSO and transfer it to shore. Generally, each FPSO requires two 
shuttle tankers. There are currently only two shuttle tankers operating in the Gulf of Mexico, but this number 
is expected to increase as exploration and production moves into deeper water and the use of an FPSO 
becomes more attractive. Due to their operating pro�le of making short trips to �xed ports and operating 
mostly in an ECA, this market segment is expected to see growth in the use of LNG fuel.

2.4.2.5	Ferries
According to MARAD there are currently 576 ferries in the United States. Most of these ferries are owned 
and operated by a local or regional public transportation of�ce. Many ferries are relatively small and serve 
crossing of rivers and lakes. The Washington State Ferry (WSF) system in the Paci�c Northwest and the 
Alaska Marine Highway System operate large and extensive coastal ferry networks and as mentioned in 
section 2.3.5, WSF has announced its intention to use LNG as fuel. WSF recently announced that a waterway 
suitability assessment (WSA) was submitted to the USCG. The proposal calls for converting six of its Issaquah 
Class vessels to be fuelled by LNG. In 2013, DNV completed a safety and security plan, risk assessment and 
operational manual for converting to LNG.[5] Pending US Coast Guard approval and state funding, WSF could 
begin the �rst conversion of the Issaquah Class ferry as early as 2016.

An image of the converted ferry, showing the location of the LNG tank, is shown in �gure 24.

Figure 24: Rendering of LNG tanks on an Issaquah class (Image reproduced courtesy of WSF)

Additionally, the Staten Island Ferry, which operates nine passenger only ferries in New York, has planned to 
convert at least one of its ferries to operate on LNG.

2.4.2.6	Lakers
A special type of vessel are the cargo ships operating on the Great Lakes. These are vessels transporting iron 
ore, coal, limestone and other commodities between the US and Canadian ports on the Great Lakes. The 
vessels typically operate from April until December each year when the ports are ice free.

The US �agged share of these vessels consists of 46 self-propelled vessels and 10 tug/barge vessels. The 
majority of the self-propelled vessels are between 150 to 300 m in length. In addition to the environmental 
and possible economic bene�ts, since these vessels mostly operate on �xed routes and ports, the availability 
of LNG bunkering facilities will also enable the use of LNG.

The Interlake Steamship Co. which owns eight ore carriers operating on the Great Lakes intends to convert 
seven of its diesel powered vessels to dual fuel engines (�gure 25).

Figure 25: Interlake Steamship Co. vessel to be converted to LNG  
(Image reproduced courtesy of HHP Insight)

N
O

RT
H

 A
M

ER
IC

A
 E

C
A

LNG_combined.indb   30 2/2/2016   12:29:06 PM



International shipping in NA ECA  31

Figure 24: Rendering of LNG tanks on an Issaquah class (Image reproduced courtesy of WSF)

Additionally, the Staten Island Ferry, which operates nine passenger only ferries in New York, has planned to 
convert at least one of its ferries to operate on LNG.

2.4.2.6	Lakers
A special type of vessel are the cargo ships operating on the Great Lakes. These are vessels transporting iron 
ore, coal, limestone and other commodities between the US and Canadian ports on the Great Lakes. The 
vessels typically operate from April until December each year when the ports are ice free.

The US �agged share of these vessels consists of 46 self-propelled vessels and 10 tug/barge vessels. The 
majority of the self-propelled vessels are between 150 to 300 m in length. In addition to the environmental 
and possible economic bene�ts, since these vessels mostly operate on �xed routes and ports, the availability 
of LNG bunkering facilities will also enable the use of LNG.

The Interlake Steamship Co. which owns eight ore carriers operating on the Great Lakes intends to convert 
seven of its diesel powered vessels to dual fuel engines (�gure 25).

Figure 25: Interlake Steamship Co. vessel to be converted to LNG  
(Image reproduced courtesy of HHP Insight)
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Other owners and operators of vessels on the Great Lakes are also exploring the option of using LNG as fuel.

2.4.3	 Canada domestic shipping
The Canadian domestic waterborne transportation volume is smaller than in USA. In 2011, according to 
Statistics Canada, the total domestic volume was 125 million metric tons, which is about 15% of the US 
domestic waterborne volume. In addition comes about 95 million tons of trade between the two countries. 
The larger share of the domestic cargo is transported along the Atlantic coast; the rest is distributed between 
the Paci�c coast and the Great Lakes.

2.4.4	 Canadian domestic �eet
The Canadian domestic �eet consists of about a 1,000 vessels according to LR�s SeaWeb. The grouping by 
major ship type is shown in table 11.

Table 11 � Canadian �agged �eet (LR SeaWeb)

Canadian Flagged Vessels

Ocean + Lakers  260

Tankers 27

Bulk, Gen Cargo 96

Container 1

Ro-ro & Passenger 94

AHTS/OSV 37

Ice breaker 5

Coastal 646

Tugs, ATB 210

Fishing 275

Barges, non-propelled 83

Passengers 58

Research/Survey 20

Total 906

2.4.4.1	Offshore support vessels
From the Clarkson�s vessel database the current �eet of Canadian �agged offshore support vessels are broken 
down as follows:

Table 12 � Breakdown of Canadian offshore �eet. Data courtesy of Clarkson�s

Canadian Offshore Fleet

Type Current number World order book

OSV/PSV 5 �

AHT/S 26 �

Crew/Workboat 2 �

Survey 7 �

Oil Response, Well, Misc. 5 �

Total 45

Many of these vessels operate on the Canadian Atlantic coast and support the offshore activities outside of 
Newfoundland. There have not been any con�rmed plans for new build or conversion projects related to the 
use of LNG as fuel.

2.4.4.2	ATBs, tugs, and pushboats
The Clarkson�s World Fleet Register lists a total 219 Canadian �agged tugs with 55 tugs having a gross tonnage 
of more than 400. In Canada there are no con�rmed orders for LNG fuelled vessels in this segment; however, 
some Canadian designers are developing LNG fuelled tug designs.

2.4.4.3	Tankers
The Clarkson�s World Fleet Register lists a total 29 Canadian tankers and the tanks �eet can be categorized in 
the �gure.

Table 13 � Canadian tanker �eet. Data courtesy of Clarkson�s

Canadian Tanker Fleet

Type Current number Order book

Product/Chem carrrier 22 �

Shuttle tankers 4 �

Oil tanker 3 �

Total 29

The �eet is primarily used for domestic transport of fuel and oil products to the Canadian Atlantic and Arctic 
coast. The shuttle tankers are used to service the oil production outside Newfoundland.

2.4.4.4	Ferries
The Clarkson�s World Fleet Register lists a total of 138 ferries and Ro-Pax operating with Canadian �ags. A 
total of 66 ships are listed with a passenger capacity above 200. The BC Ferries on the Canadian West Coast 
operates about 35 of the listed ships. As noted in section 2.3.5, SociØtØ des traversiers QuØbec (STQ) has 
ordered three LNG fuelled car ferries to be used on the St Lawrence waterway.

BC Ferries has expressed interest in the use of LNG and has recently issued a request for proposal (RFP) for 
three vessels with several propulsion options, including both LNG and conventional fuels. BC Ferries has 
stated while they do intend to acquire LNG fuelled vessels, further technical and �nancial analyses is required.

Seaspan Ferries Corp. which operates trailer ferry service to Vancouver Island will also explore the use of LNG 
as a fuel for their �eet renewal project.

2.4.4.5	Lakers
The Canadian �agged cargo vessels operating on the Great Lakes and the St Lawrence Seaway consist of 
about 60 ships. The great majority of these vessels is bulk carriers, but also includes about ten tankers and 
a few ro-ro/container ships. Two of the major Canadian owners operating vessels on the Great Lakes and St 
Lawrence Seaway, CSL Group and Algoma Central Corp., have about ten vessels on order.
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2.4.4.2	ATBs, tugs, and pushboats
The Clarkson�s World Fleet Register lists a total 219 Canadian �agged tugs with 55 tugs having a gross tonnage 
of more than 400. In Canada there are no con�rmed orders for LNG fuelled vessels in this segment; however, 
some Canadian designers are developing LNG fuelled tug designs.

2.4.4.3	Tankers
The Clarkson�s World Fleet Register lists a total 29 Canadian tankers and the tanks �eet can be categorized in 
the �gure.

Table 13 � Canadian tanker �eet. Data courtesy of Clarkson�s

Canadian Tanker Fleet

Type Current number Order book

Product/Chem carrrier 22 �

Shuttle tankers 4 �

Oil tanker 3 �

Total 29

The �eet is primarily used for domestic transport of fuel and oil products to the Canadian Atlantic and Arctic 
coast. The shuttle tankers are used to service the oil production outside Newfoundland.

2.4.4.4	Ferries
The Clarkson�s World Fleet Register lists a total of 138 ferries and Ro-Pax operating with Canadian �ags. A 
total of 66 ships are listed with a passenger capacity above 200. The BC Ferries on the Canadian West Coast 
operates about 35 of the listed ships. As noted in section 2.3.5, SociØtØ des traversiers QuØbec (STQ) has 
ordered three LNG fuelled car ferries to be used on the St Lawrence waterway.

BC Ferries has expressed interest in the use of LNG and has recently issued a request for proposal (RFP) for 
three vessels with several propulsion options, including both LNG and conventional fuels. BC Ferries has 
stated while they do intend to acquire LNG fuelled vessels, further technical and �nancial analyses is required.

Seaspan Ferries Corp. which operates trailer ferry service to Vancouver Island will also explore the use of LNG 
as a fuel for their �eet renewal project.

2.4.4.5	Lakers
The Canadian �agged cargo vessels operating on the Great Lakes and the St Lawrence Seaway consist of 
about 60 ships. The great majority of these vessels is bulk carriers, but also includes about ten tankers and 
a few ro-ro/container ships. Two of the major Canadian owners operating vessels on the Great Lakes and St 
Lawrence Seaway, CSL Group and Algoma Central Corp., have about ten vessels on order.
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3
Key trends in NA ECA

3.1	 General trends
The main drivers for the use of LNG as a fuel on board ships are the �nancial bene�ts and the environmental 
regulations, both internationally and regionally.

Most ships and marine vessels currently use petroleum based liquid fuels, either distillate fuel or residual fuel. 
Since the combustion of these fuels contributes to the emissions of substances that are found to be harmful to 
the environment, the use of these fuels will be subject to restrictions in the coming years. The introduction of 
the North American ECA is one of the major initiatives taken by IMO and the member states in order to reduce 
the environmental impact of international shipping.

Another development is the increased availability of natural gas in North America because of the extraction of 
natural gas from shale formations. It is expected that by 2035 53% of the natural gas consumed in the United 
States will come from shale gas compared to 20% in 2010.[6] The increased supply of natural gas in North 
America has been followed by a decrease in the natural gas price which has made the option of using natural 
gas as a fuel �nancially more attractive both for ships and for the transportation sector in general.

The increased production of natural gas in North America combined with the large amount of known 
recoverable shale gas resources has also initiated a number of projects related to the export of LNG from 
North America. Several marine terminals originally built to import LNG are planned for conversion to exporting 
LNG. A consequence from this is that in most cases a natural gas liquefaction plant will have to be built near 
or at the terminal, and this will have the potential to increase the supply of LNG available as a fuel for ships.

International shipping in and out of North America in terms of cargo volume is expected to increase modestly 
towards 2020 (IHS 2012). This is also re�ected in the projections in the United States fuel demand for domestic 
and international shipping. According to the EIA, the annualized growth in the fuel demand for domestic and 
international shipping is expected to be 0.5% and 0.1%, respectively through 2035.

In North America there is also a strong interest and a potential large market for the use of LNG as a fuel 
for on-road and rail transportation. This is primarily driven by the potential savings in fuel cost, but the 
environmental bene�ts are also important. The demand for this multi-modal use of LNG as a transportation 
fuel is an additional incentive for the development of an LNG supply chain in North America.

3.2	 Environmental requirements
The shipping industry has to comply with a number of regulations pertaining to the prevention of pollution 
and the emission of potentially harmful substances to the environment. IMO is the international agency 
responsible for issuing and adopting regulations applicable to international shipping. The IMO member states 
are responsible for implementing the regulations.

In addition to the international regulations, there are national and regional regulations that might apply to 
vessels both inside and outside of the ECA. In Canada, Transport Canada (TC) is the federal agency in charge 
of environmental regulations which applies to the maritime sector.

In the US, the Environmental Protection Agency (EPA) is the agency that develops and enforces federal 
environmental regulations based on the laws passed by the US Congress. The responsibility of EPA also 
includes the regulatory oversight of the emissions from ships and marine vessels, including the IMO MARPOL 
Annex VI regulations. The United States Coast Guard (USCG) is responsible for enforcement of the international 
and national maritime regulations pertaining to ships and marine vessels.
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3.1	 General trends
The main drivers for the use of LNG as a fuel on board ships are the �nancial bene�ts and the environmental 
regulations, both internationally and regionally.

Most ships and marine vessels currently use petroleum based liquid fuels, either distillate fuel or residual fuel. 
Since the combustion of these fuels contributes to the emissions of substances that are found to be harmful to 
the environment, the use of these fuels will be subject to restrictions in the coming years. The introduction of 
the North American ECA is one of the major initiatives taken by IMO and the member states in order to reduce 
the environmental impact of international shipping.

Another development is the increased availability of natural gas in North America because of the extraction of 
natural gas from shale formations. It is expected that by 2035 53% of the natural gas consumed in the United 
States will come from shale gas compared to 20% in 2010.[6] The increased supply of natural gas in North 
America has been followed by a decrease in the natural gas price which has made the option of using natural 
gas as a fuel �nancially more attractive both for ships and for the transportation sector in general.

The increased production of natural gas in North America combined with the large amount of known 
recoverable shale gas resources has also initiated a number of projects related to the export of LNG from 
North America. Several marine terminals originally built to import LNG are planned for conversion to exporting 
LNG. A consequence from this is that in most cases a natural gas liquefaction plant will have to be built near 
or at the terminal, and this will have the potential to increase the supply of LNG available as a fuel for ships.

International shipping in and out of North America in terms of cargo volume is expected to increase modestly 
towards 2020 (IHS 2012). This is also re�ected in the projections in the United States fuel demand for domestic 
and international shipping. According to the EIA, the annualized growth in the fuel demand for domestic and 
international shipping is expected to be 0.5% and 0.1%, respectively through 2035.

In North America there is also a strong interest and a potential large market for the use of LNG as a fuel 
for on-road and rail transportation. This is primarily driven by the potential savings in fuel cost, but the 
environmental bene�ts are also important. The demand for this multi-modal use of LNG as a transportation 
fuel is an additional incentive for the development of an LNG supply chain in North America.

3.2	 Environmental requirements
The shipping industry has to comply with a number of regulations pertaining to the prevention of pollution 
and the emission of potentially harmful substances to the environment. IMO is the international agency 
responsible for issuing and adopting regulations applicable to international shipping. The IMO member states 
are responsible for implementing the regulations.

In addition to the international regulations, there are national and regional regulations that might apply to 
vessels both inside and outside of the ECA. In Canada, Transport Canada (TC) is the federal agency in charge 
of environmental regulations which applies to the maritime sector.

In the US, the Environmental Protection Agency (EPA) is the agency that develops and enforces federal 
environmental regulations based on the laws passed by the US Congress. The responsibility of EPA also 
includes the regulatory oversight of the emissions from ships and marine vessels, including the IMO MARPOL 
Annex VI regulations. The United States Coast Guard (USCG) is responsible for enforcement of the international 
and national maritime regulations pertaining to ships and marine vessels.
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The international regulations and initiatives from IMO to reduce the negative impact of the air emissions from 
shipping are focused on the following:

–� 	 SOx reduction & Particulate Matter (PM)

Diesel fuel contains sulphur which is released to the atmosphere as Sulphur Oxides (SOx) after 
the fuel has been burned in engines and boilers. Airborne SOx have been found to have a 
negative impact on public health and formation of acid rain. Reduction in SOx emissions can 
be achieved by using diesel fuels with a low sulphur content, exhaust gas treatment (scrubbers), 
or the use of alternative fuel, e.g. natural gas, with very low or negligible sulphur content. PM 
emissions are expected to decrease when the sulphur content of the fuel is reduced. 

–� 	NO x reduction

Nitrogen Oxides (NOx) are also considered harmful substances, causing local pollution and 
adverse effects on public health. NOx are formed during the combustion process in an engine 
when the Nitrogen and Oxygen in the air is reacting and is very dependent on the combustion 
process, especially the temperature and pressure. The amount of NOx formed during combustion 
can be reduced by some extent by engine design and optimization of the combustion process. 
Further reductions can be achieved by Exhaust Gas Recirculation (EGR), Selective Catalytic 
Reactor (SCR) in the exhaust system, and different methods for introduction of water into the 
combustion process. 

–� 	 Energy ef�ciency and CO2/GHG emission

The reduction of CO2 emissions is intended to mitigate the impact of Green House Gas (GHG) 
emissions from shipping. The current approach from IMO is to improve the energy ef�ciency 
of new ships by setting more stringent design requirements and stimulate more energy ef�cient 
operational practices.

It is noted that speci�c limits for emissions of Particle Matters (PM) and Hydrocarbons (HC) are not given in 
the IMO MARPOL Annex VI regulations. 

However, in the US, EPA has regulated the emissions from diesel engines to be installed on US �agged 
vessels, Federal Marine Compression-Ignition (CI) Engines � Exhaust Emission Standards. These regulations 
include limits on PM and HC emissions on new Category 1 and 2 engines, which are de�ned as engines with 
displacement volume per cylinder < 7 litres and displacement volume per cylinder < 30 litres, respectively. 

The EPA has also de�ned marine Category 3 engines, those with displacement volume per cylinder above 
30�litres, and these engines are required to meet equivalent standards to MARPOL Annex VI. In addition, the 
US is �nalizing standards for Category 3 engines to control hydrocarbons (HC) and carbon monoxide (CO), as 
well as monitoring of particulate matter (PM) emissions.

The EPA regulations have also been implemented in Tiers, and more stringent Tier 3 and Tier 4  are being 
introduced in the coming years.

EPA has indicated that US �agged vessels with Category 1 or 2 engines can be designated as Ocean Going 
Vessels (OGV) if they operate extensively offshore. In that case, the engines can comply with MARPOL 
Annex�VI as an alternative to meeting the more stringent EPA designated tier requirements.

Category 1 and 2 engines on a US �agged vessel that are not an OGV are required to meet the more stringent 
EPA 2008 Final Rule. However, EPA has indicated that Category 1 and 2 engines on vessels with Category 3 
engines be allowed to comply with MARPOL Annex VI.

The goal of the introduction of ECAs in certain regions is to achieve a more signi�cant local reduction in 
the emissions of SOx and NOx from shipping because of the intensity of the maritime traf�c as well as the 
sensitivity of the area to harmful pollution to the atmosphere. 

The requirements in MARPOL Annex VI applicable to the ECAs are intended to reduce both the SOx/PM 
emissions and NOx emissions from ships when operating within the ECA. 

The existing and upcoming limits on the fuel oil sulphur content that is burned on all ships subject to the 
regulations in MARPOL Annex VI is shown in �gure 26.

Figure 26: Limits of sulphur content in fuel oil

It is seen that the next milestone is coming on 1 January 2015 when the 0.1% limit on the sulphur content of 
fuel oil used inside the ECAs enters into force. In 2020, the global limit on sulphur content will be reduced 
from 3.5% to 0.5%. The date of the implementation of the global sulphur limit of 0.5% is subject to a review 
by IMO in 2018. The implementation of the 0.1% sulphur limits inside the ECAs will go forward even if the 
introduction of the 0.5% global limit is postponed until 2025. However, should the global limit of 0.5% be 
postponed, it is likely that this will decrease the number of LNG fuelled ships. This was one of the scenarios 
used for the modelling of the technology outlook in the DNV report Shipping 2020.[8] EU has also indicated 
that they will go ahead with 0.5% limit in non-ECA EU waters even if the global limit should be changed 
following the review in 2018.

The majority of ocean going vessels are operating primarily on diesel fuels with sulphur content above the 
limits inside the ECAs as well as the planned future worldwide limits. Diesel fuel with high sulphur content is 
commonly referred to as residual fuels. In the 2nd IMO GHG Study[7] it was estimated that almost 80% of the 
diesel fuel used in shipping was residual fuel (table 14).

Table 14 � Estimated marine fuel consumption in million tons[7]

Total fuel consumption International shipping

Low bound Consensus High bound Low bound Consensus High bound

Residual fuel 215 257 308 172 213 265

Distillate fuel 64 67 92 51 64 79

Slow-speed engines 181 215 259 144 179 223

Medium-speed engines 92 110 132 73 91 113

Boilers 7 8 9 5 7 8

Abatement technologies, e.g. exhaust gas scrubbers, are considered an equivalent measure and can be used 
as an alternative if the emissions are reduced to the level equivalent to the use of low sulphur fuel. However, 
the approval of abatement technologies are up to the �ag States and some �ag States might be reluctant to 
approve scrubbers or will have particular requirements in order to verify equivalence.

In regards to the NOx emission, the NOx emissions from engines covered by MARPOL Annex VI are to be 
below the applicable curve in �gure 27. The date on the right refers to the date the keel was laid for the vessel 
(start of construction). Tier I and Tier II are global limits that came into force in 2000 and 2011, respectively. 
Tier III will come into force in January 2016, and reduces the NOx emissions of engines operated inside an 
ECA with 80% compared to the Tier I limit. There is a proposal to IMO to postpone the implementation of 
the Tier III limit; however, both USA and Canada have indicated their intention to enforce the limits for new 
build ships trading in the NA ECA.
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Figure 26: Limits of sulphur content in fuel oil

It is seen that the next milestone is coming on 1 January 2015 when the 0.1% limit on the sulphur content of 
fuel oil used inside the ECAs enters into force. In 2020, the global limit on sulphur content will be reduced 
from 3.5% to 0.5%. The date of the implementation of the global sulphur limit of 0.5% is subject to a review 
by IMO in 2018. The implementation of the 0.1% sulphur limits inside the ECAs will go forward even if the 
introduction of the 0.5% global limit is postponed until 2025. However, should the global limit of 0.5% be 
postponed, it is likely that this will decrease the number of LNG fuelled ships. This was one of the scenarios 
used for the modelling of the technology outlook in the DNV report Shipping 2020.[8] EU has also indicated 
that they will go ahead with 0.5% limit in non-ECA EU waters even if the global limit should be changed 
following the review in 2018.

The majority of ocean going vessels are operating primarily on diesel fuels with sulphur content above the 
limits inside the ECAs as well as the planned future worldwide limits. Diesel fuel with high sulphur content is 
commonly referred to as residual fuels. In the 2nd IMO GHG Study[7] it was estimated that almost 80% of the 
diesel fuel used in shipping was residual fuel (table 14).

Table 14 � Estimated marine fuel consumption in million tons[7]

Total fuel consumption International shipping

Low bound Consensus High bound Low bound Consensus High bound

Residual fuel 215 257 308 172 213 265

Distillate fuel 64 67 92 51 64 79

Slow-speed engines 181 215 259 144 179 223

Medium-speed engines 92 110 132 73 91 113

Boilers 7 8 9 5 7 8

Abatement technologies, e.g. exhaust gas scrubbers, are considered an equivalent measure and can be used 
as an alternative if the emissions are reduced to the level equivalent to the use of low sulphur fuel. However, 
the approval of abatement technologies are up to the �ag States and some �ag States might be reluctant to 
approve scrubbers or will have particular requirements in order to verify equivalence.

In regards to the NOx emission, the NOx emissions from engines covered by MARPOL Annex VI are to be 
below the applicable curve in �gure 27. The date on the right refers to the date the keel was laid for the vessel 
(start of construction). Tier I and Tier II are global limits that came into force in 2000 and 2011, respectively. 
Tier III will come into force in January 2016, and reduces the NOx emissions of engines operated inside an 
ECA with 80% compared to the Tier I limit. There is a proposal to IMO to postpone the implementation of 
the Tier III limit; however, both USA and Canada have indicated their intention to enforce the limits for new 
build ships trading in the NA ECA.
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Figure 27: Limits of NOx emissions MARPOL Annex VI

3.3	 Technically feasible compliance strategies
In order to comply with the existing and future emission regulations and restrictions inside an ECA, the 
following options are available for vessels that are subject to the regulations in MARPOL Annex VI.

1.	 Use of low sulphur diesel fuel

2.	 Use of alternative fuels

3.	 Use of abatement technologies, typically exhaust gas treatment system

The options will be described and discussed in the following chapters comparing the features of each strategy 
in regards to the technical requirements, emission bene�ts and other considerations. It is also noted that a 
compliance strategy for a particular vessel or trade might involve a combination of all three options.

3.3.1	 Low sulphur diesel fuel
The use of fuel inside the ECA with sulphur content below the allowable limit is frequently used on existing 
vessels and can also be considered as a viable option for ECA compliance, at least in the near future. 

The term low sulphur fuel is an imprecise term, but has been commonly used to describe distillate fuel as 
opposed to residual fuel.

The term �distillate� typically refers to light, re�ned diesel fuel with a sulphur content of 0.5% or less. This fuel 
is called marine gas oil (MGO) and ISO DMA. Marine diesel oil (MDO), ISO DMB, although inclusive of some 
residual content is also considered �distillate� provided sulphur contents are below 0.5%.

The term �residual� is used to refer to the lesser re�ned heavy fuel oils, which currently have sulphur contents 
on average of about 2.5%. Industrial names for the residual or heavy fuel oil (HFO) diesel grades are IFO180 
and IFO380, correspondingly ISO RME25 and ISO RMG35.

Further de�nition and description of diesel fuels are as follows: 

–� IFO 380 � Intermediate fuel oil with a maximum viscosity of 380 Centistokes (<3.5% sulphur)

–� IFO 180 � Intermediate fuel oil with a maximum viscosity of 180 Centistokes (<3.5% sulphur)

–� LS 380 � Low-sulphur (<1.0%) intermediate fuel oil with a maximum viscosity of 380 Centistokes

–� LS 180 � Low-sulphur (<1.0%) intermediate fuel oil with a maximum viscosity of 180 Centistokes

–� MDO � Marine diesel oil

–� MGO � Marine gas oil

–� LSMGO � Low-sulphur (<0.1%) marine gas oil 

–� ULSMGO � Ultra Low Sulphur Marine Gas Oil � referred to as Ultra Low Sulfur Diesel (sulphur 
0.0015% max) in the US and Auto Gas Oil (sulphur 0.001% max) in the EU.

In the following, the term low sulphur diesel fuel will be used to describe fuel oil in compliance with the ECA 
requirement and residual fuel will be used to describe fuel oil in compliance only with the global limit on 
sulphur content.

Using low sulphur diesel fuel to comply with the ECA requirements can be done in two ways:

–� switch over to low sulphur diesel fuel from residual fuel when operating inside the ECA

–� only operate on low sulphur diesel fuel both inside and outside the ECA 

The �rst option is the most common compliance method currently used by the ocean going ships when 
entering the ECA and for vessels which are spending a limited time inside the ECA. It does require separate fuel 
storage tanks and transfer systems for low sulphur diesel fuel and residual fuel, but most vessels will have this 
arrangement in place. The switching does take some operational considerations with appropriate procedures 
in place, as there have been reported some issues with engine shutdown during switching operations. The 
fuel system and components need to be veri�ed and modi�ed as needed in order to ensure compatibility 
and reliable operation when operating on low sulphur diesel fuel. For low speed two-stroke engines, it can 
be necessary to evaluate the use of different cylinder lubrication oils when operating on different fuel oils for 
extended periods.

The second option is the simplest, but because of the higher cost of low sulphur diesel fuel it is expected to 
have a penalty of increased operating cost (OPEX). For vessels operating mostly inside the ECA, this option is 
a relevant compliance option.

Most of the smaller vessels inside the NA ECA and the inland waterways (e.g. tugs, workboats, ferries and 
�shing vessels) with medium and high speed engines are currently operating on low sulphur diesel fuel.

The use of low sulphur diesel fuel will ensure compliance with SOx emission requirements, but the compliance 
with the upcoming restriction in NOx emissions in the ECAs will not be met with the existing engine technology 
unless exhaust after treatment is used. Engine manufacturers are developing on-engine technology that is 
designed to comply with the stricter requirements on NOx emissions. It is expected that this will involve 
Exhaust Gas Recirculation (EGR) in order to reduce the NOx emissions to the IMO Tier III/EPA Tier 4 levels.

3.3.2	 Use of alternative fuel
The use of LNG as an alternative fuel in order to comply with the ECA emissions restrictions is an option that 
is in use on existing vessels and planned for new vessels. Natural gas stored as LNG is the alternative fuel 
that is considered the most likely option in the short to medium future because of the available engine and 
system technology, class/statutory regulations, operational experience, fuel cost and availability of natural gas 
worldwide.

There are other alternative fuels that might become relevant options, including LPG, DME/Methanol, synthetic 
fuels and biofuels, but this study is limited to the consideration of LNG. The use of nuclear energy could also 
be considered as an alternative fuel; however, even with the existing development of small and modular 
nuclear reactors it is not considered a realistic option in the near future because of the cost, risk perception 
and regulatory challenges.

One of the major bene�ts of using natural gas as a fuel is that the emissions of SOx and PM are negligible 
and NOx emissions are reduced to below the IMO Tier III limits for Otto-cycle engines without the need for 
exhaust gas treatment system. The technology is available for many types of gas and dual fuel engines, as 
well as for the onboard gas storage and handling systems. The many years of experience with LNG carried as 
cargo on gas carriers where the boil off gas is used as fuel, have also enabled the maritime industry to build 
competence and develop standards that have been used as guidelines for the emerging use as LNG as a fuel 
for other vessel types.

The low price of natural gas compared to diesel fuel, especially in North America, is another reason for the 
considerable interest in the use of LNG as a fuel, even as there is some uncertainty in the �delivered� price for 
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–� LSMGO � Low-sulphur (<0.1%) marine gas oil 

–� ULSMGO � Ultra Low Sulphur Marine Gas Oil � referred to as Ultra Low Sulfur Diesel (sulphur 
0.0015% max) in the US and Auto Gas Oil (sulphur 0.001% max) in the EU.

In the following, the term low sulphur diesel fuel will be used to describe fuel oil in compliance with the ECA 
requirement and residual fuel will be used to describe fuel oil in compliance only with the global limit on 
sulphur content.

Using low sulphur diesel fuel to comply with the ECA requirements can be done in two ways:

–� switch over to low sulphur diesel fuel from residual fuel when operating inside the ECA

–� only operate on low sulphur diesel fuel both inside and outside the ECA 

The �rst option is the most common compliance method currently used by the ocean going ships when 
entering the ECA and for vessels which are spending a limited time inside the ECA. It does require separate fuel 
storage tanks and transfer systems for low sulphur diesel fuel and residual fuel, but most vessels will have this 
arrangement in place. The switching does take some operational considerations with appropriate procedures 
in place, as there have been reported some issues with engine shutdown during switching operations. The 
fuel system and components need to be veri�ed and modi�ed as needed in order to ensure compatibility 
and reliable operation when operating on low sulphur diesel fuel. For low speed two-stroke engines, it can 
be necessary to evaluate the use of different cylinder lubrication oils when operating on different fuel oils for 
extended periods.

The second option is the simplest, but because of the higher cost of low sulphur diesel fuel it is expected to 
have a penalty of increased operating cost (OPEX). For vessels operating mostly inside the ECA, this option is 
a relevant compliance option.

Most of the smaller vessels inside the NA ECA and the inland waterways (e.g. tugs, workboats, ferries and 
�shing vessels) with medium and high speed engines are currently operating on low sulphur diesel fuel.

The use of low sulphur diesel fuel will ensure compliance with SOx emission requirements, but the compliance 
with the upcoming restriction in NOx emissions in the ECAs will not be met with the existing engine technology 
unless exhaust after treatment is used. Engine manufacturers are developing on-engine technology that is 
designed to comply with the stricter requirements on NOx emissions. It is expected that this will involve 
Exhaust Gas Recirculation (EGR) in order to reduce the NOx emissions to the IMO Tier III/EPA Tier 4 levels.

3.3.2	 Use of alternative fuel
The use of LNG as an alternative fuel in order to comply with the ECA emissions restrictions is an option that 
is in use on existing vessels and planned for new vessels. Natural gas stored as LNG is the alternative fuel 
that is considered the most likely option in the short to medium future because of the available engine and 
system technology, class/statutory regulations, operational experience, fuel cost and availability of natural gas 
worldwide.

There are other alternative fuels that might become relevant options, including LPG, DME/Methanol, synthetic 
fuels and biofuels, but this study is limited to the consideration of LNG. The use of nuclear energy could also 
be considered as an alternative fuel; however, even with the existing development of small and modular 
nuclear reactors it is not considered a realistic option in the near future because of the cost, risk perception 
and regulatory challenges.

One of the major bene�ts of using natural gas as a fuel is that the emissions of SOx and PM are negligible 
and NOx emissions are reduced to below the IMO Tier III limits for Otto-cycle engines without the need for 
exhaust gas treatment system. The technology is available for many types of gas and dual fuel engines, as 
well as for the onboard gas storage and handling systems. The many years of experience with LNG carried as 
cargo on gas carriers where the boil off gas is used as fuel, have also enabled the maritime industry to build 
competence and develop standards that have been used as guidelines for the emerging use as LNG as a fuel 
for other vessel types.

The low price of natural gas compared to diesel fuel, especially in North America, is another reason for the 
considerable interest in the use of LNG as a fuel, even as there is some uncertainty in the �delivered� price for 
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LNG delivered to a ship�s storage tanks. The availability and infrastructure for LNG marine bunkering is under 
development in North America, but the general availability is an important consideration.

The investment cost (CAPEX) for an LNG fuelled ship will be higher than a ship operating only on diesel fuel, 
and the space required for LNG storage tank(s) will for some vessels reduce the cargo capacity.

An LNG fuelled ship might choose to operate continuously on gas or only switch to gas when operating inside 
an ECA and this decision will involve a number of technical, economical, operational and regulatory issues. 
After 2016, a newly built dual fuelled vessel operating in NA ECA will need to operate solely on gas mode if 
not �tted with NOx abatement systems. Switching to the diesel mode will be considered only in an emergency 
situation such as gas supply disruption.

Since methane is an aggressive Green House Gas (GHG), concerns in regards to the overall GHG emissions in 
the LNG supply chain, including the amount of methane released during the production, transport, processing, 
delivery and combustion of natural gas (GHG) is under increased scrutiny. These life cycle assessments, or 
�well� to the �propeller� analysis, have been done/and more studies are expected.[2,3]

3.3.3	 Abatement technologies � Exhaust Gas Treatment Systems
The third option for a ship to comply with the regulatory limits on exhaust emissions from ships is the 
installation and use of exhaust gas treatment system. This option differs from the other options since the 
harmful substances are removed from the exhaust gas following the combustion process.

Exhaust gas treatment systems have been in common use within many other industries and the basic technology 
is mature; however, the use and adoption of these systems on board ships is a relatively new development and 
poses some additional challenges.

The exhaust gas treatment systems can be divided into SOx scrubbers and NOx reducing systems. SOx 
scrubbers for marine use can either be classi�ed as wet scrubbers that use water as the cleaning medium, or 
dry scrubbers that use a dry chemical. Wet systems are further divided into open loop, closed loop or hybrid 
system (open/closed).

Figure 28: Exhaust gas scrubbers classi�cation

NOx reduction systems are either selective catalytic reduction (SCR), or exhaust gas recirculation (EGR).

The classi�cation of EGR as a true exhaust gas treatment system is not correct since it can be considered as 
an on-engine technology and a method of primary NOx control by reducing the combustion temperature. 
However, some EGR systems might also include scrubber system to remove SOx.

3.4	 Evaluation of compliance options
As discussed, in order to comply with the existing and future emission regulations and restrictions inside and 
outside the ECA, the following options are available based on existing technology and economic consideration.

1.	 Use of low sulphur diesel fuel

2.	 Use of alternative fuels

3.	 Use of abatement technologies, typically exhaust gas treatment system

The compliance strategy chosen for a vessel will depend on a number of factors, including if it is for an 
existing ship in operation or a new ship.

Some of the main issues that need to be considered in a strategy decision are listed below.

a.	 Ship power and fuel consumption amounts

b.	O PEX/CAPEX of compliance options

c.	O peration time in ECA

d.	 Space and location constraints on board

e.	L oss of cargo space

f.	T ype of trade (�xed routes, schedule)

g.	 Fuel cost sensitivity

Table 15 lists some of the technical considerations and the issues to be evaluated for comparing the alternatives.

Table 15 � Comparison of compliance alternatives

Option Pros Cons Issues/questions

Low Sulphur diesel �	 Simple, technical mature, 
	 low CAPEX 
�	R educe SOx and PM 
�	G lobal availability 
�	 Competence is proven

�	E xpensive fuel 
�	I ssues with fuel switch 
�	IMO  Tier III after 2016 need  
	 SCR or EGR

�	G lobal availability 
�	 Fuel quality 
�	 Future higher prices?

HFO + Scrubber �	L ow cost fuel (HFO) 
�	L ower CAPEX than LNG 
�	E asier conversions 
�	 Process is mature 
�	G lobal availability

�	 Space req. installation 
�	 Waste disposal,  
	 consumables (closed/hybrid) 
�	M aintenance, complexity 
�	IMO  Tier III after 2016 need  
	 SCR or EGR

�	 Flag approval 
�	R eliability/corrosion 
�	L oad dependence 
�	 Compatibility with SCR  
	 redundancy

LNG �	L ow cost of natural gas 
�	 technical mature 
�	R educe SOx, PM, NOx, CO2 
�	 Favourable CAPEX for  
	 smaller vessel than scrubber 
�	E nvironmental pro�le

�	E ngine, tank and system  
	 costs 
�	 Space for LNG tank 
�	R ange on gas could be  
	 limited 
�	L ack of LNG bunkering  
	 infrastructure 
�	R isk and safety challenges 
�	�IMO , international and 

national regulations are in 
progress

�	 Flag approval 
�	LNG  pricing 
�	G lobal LNG bunker  
	 availability 
�	LNG  fuel quality standards 
�	�G HG (methane slip/emissions)

It is seen that using LNG as a fuel provides the greatest environmental bene�ts with respect to the reduction of 
SOx, PM, NOx and CO2 emissions, but the �eetwide adoption of LNG as a fuel will depend on the availability, 
�nancial considerations and clear regulatory guidance.
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3.4	 Evaluation of compliance options
As discussed, in order to comply with the existing and future emission regulations and restrictions inside and 
outside the ECA, the following options are available based on existing technology and economic consideration.

1.	 Use of low sulphur diesel fuel

2.	 Use of alternative fuels

3.	 Use of abatement technologies, typically exhaust gas treatment system

The compliance strategy chosen for a vessel will depend on a number of factors, including if it is for an 
existing ship in operation or a new ship.

Some of the main issues that need to be considered in a strategy decision are listed below.

a.	 Ship power and fuel consumption amounts

b.	O PEX/CAPEX of compliance options

c.	O peration time in ECA

d.	 Space and location constraints on board

e.	L oss of cargo space

f.	T ype of trade (�xed routes, schedule)

g.	 Fuel cost sensitivity

Table 15 lists some of the technical considerations and the issues to be evaluated for comparing the alternatives.

Table 15 � Comparison of compliance alternatives

Option Pros Cons Issues/questions

Low Sulphur diesel �	 Simple, technical mature, 
	 low CAPEX 
�	R educe SOx and PM 
�	G lobal availability 
�	 Competence is proven

�	E xpensive fuel 
�	I ssues with fuel switch 
�	IMO  Tier III after 2016 need  
	 SCR or EGR

�	G lobal availability 
�	 Fuel quality 
�	 Future higher prices?

HFO + Scrubber �	L ow cost fuel (HFO) 
�	L ower CAPEX than LNG 
�	E asier conversions 
�	 Process is mature 
�	G lobal availability

�	 Space req. installation 
�	 Waste disposal,  
	 consumables (closed/hybrid) 
�	M aintenance, complexity 
�	IMO  Tier III after 2016 need  
	 SCR or EGR

�	 Flag approval 
�	R eliability/corrosion 
�	L oad dependence 
�	 Compatibility with SCR  
	 redundancy

LNG �	L ow cost of natural gas 
�	 technical mature 
�	R educe SOx, PM, NOx, CO2 
�	 Favourable CAPEX for  
	 smaller vessel than scrubber 
�	E nvironmental pro�le

�	E ngine, tank and system  
	 costs 
�	 Space for LNG tank 
�	R ange on gas could be  
	 limited 
�	L ack of LNG bunkering  
	 infrastructure 
�	R isk and safety challenges 
�	�IMO , international and 

national regulations are in 
progress

�	 Flag approval 
�	LNG  pricing 
�	G lobal LNG bunker  
	 availability 
�	LNG  fuel quality standards 
�	�G HG (methane slip/emissions)

It is seen that using LNG as a fuel provides the greatest environmental bene�ts with respect to the reduction of 
SOx, PM, NOx and CO2 emissions, but the �eetwide adoption of LNG as a fuel will depend on the availability, 
�nancial considerations and clear regulatory guidance.
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4
Potential for LNG fuelled ships
Based on the information and discussions in chapters 2 and 3, this section will discuss the most likely ship 
segments that will adopt LNG as a fuel, as well as which ports and trading areas in North America which are 
expected to see the largest growth of LNG fuelled ships. Given the environmental and expected economic 
bene�ts of using LNG as a fuel , the long term potential for LNG use as a ship fuel is very promising; however, 
in the near future, the vessels and operations where the bene�ts are most signi�cant will be the early adopters. 
This is already evident from the announced projects for LNG fuelled ships in North America, and these 
projects are initiating the development of the infrastructure and will also further drive the development of 
regulations needed for safe implementation of LNG as a marine fuel.

4.1	 Pro�le of an LNG fuelled vessel
In order to assess the likelihood of LNG fuel use, the appproach is to identify the characteristics of a potential 
vessel. Since the cost of a conversion is quite high, due to the extensive modi�cations to the engine room 
and the addition of cryogenic tanks, the majority of LNG fuelled vessels are expected to be new builds with a 
smaller amount coming from conversions.

The vessels that are expected to use LNG as a fuel will have a combination of the following criteria.

1.	 Vessels that operate mostly inside the ECA, e.g. short sea shipping

2.	 Coastwise and regionally bound vessels, e.g. ferries, tugs, offshore vessels

3.	 Fuel cost sensitivity

4.	 Suf�cient size and onboard space to accommodate the installation

5.	LNG  bunker availability and cost 

6.	 Possibilities for conversion

7.	 Fleet renewal demand

8.	L iner service, vessel on �xed routes

9.	E nvironmental pro�le is bene�cial

Vessels that operate mostly inside the ECA, e.g. short sea shipping
Until 2020 the ships that will have to operate under the strictest environmental regulations will be those that 
operate in an ECA. For these vessels the economic bene�ts are typically expected to be signi�cant, and 
this is evident from cost analysis performed by DNV and in others studies.[4] The �nancial analysis is highly 
dependent on vessel type and cost assumptions, but for vessels which are operating more than 30% to 40% 
inside the ECA, the payback period of the increased CAPEX is �nancially attractive. Vessel types and ship 
segments in this category are the tankers, general cargo, container/ro-ro and cruise vessels with signi�cant 
operations inside the ECA.

Coastwise and regionally bound vessels, e.g. ferries, tugs, offshore
These are vessels that are expected to only operate inside the ECA, often in a �xed region or inside a port, e.g. 
tugs, ATB/ITBs, ferries, lakers and offshore vessels. Since the vessels are typically smaller than short sea vessels, 
the increased CAPEX with LNG fuel can have more impact on the �nancial analysis.
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Potential for LNG fuelled ships
Based on the information and discussions in chapters 2 and 3, this section will discuss the most likely ship 
segments that will adopt LNG as a fuel, as well as which ports and trading areas in North America which are 
expected to see the largest growth of LNG fuelled ships. Given the environmental and expected economic 
bene�ts of using LNG as a fuel , the long term potential for LNG use as a ship fuel is very promising; however, 
in the near future, the vessels and operations where the bene�ts are most signi�cant will be the early adopters. 
This is already evident from the announced projects for LNG fuelled ships in North America, and these 
projects are initiating the development of the infrastructure and will also further drive the development of 
regulations needed for safe implementation of LNG as a marine fuel.

4.1	 Pro�le of an LNG fuelled vessel
In order to assess the likelihood of LNG fuel use, the appproach is to identify the characteristics of a potential 
vessel. Since the cost of a conversion is quite high, due to the extensive modi�cations to the engine room 
and the addition of cryogenic tanks, the majority of LNG fuelled vessels are expected to be new builds with a 
smaller amount coming from conversions.

The vessels that are expected to use LNG as a fuel will have a combination of the following criteria.

1.	 Vessels that operate mostly inside the ECA, e.g. short sea shipping

2.	 Coastwise and regionally bound vessels, e.g. ferries, tugs, offshore vessels

3.	 Fuel cost sensitivity

4.	 Suf�cient size and onboard space to accommodate the installation

5.	LNG  bunker availability and cost 

6.	 Possibilities for conversion

7.	 Fleet renewal demand

8.	L iner service, vessel on �xed routes

9.	E nvironmental pro�le is bene�cial

Vessels that operate mostly inside the ECA, e.g. short sea shipping
Until 2020 the ships that will have to operate under the strictest environmental regulations will be those that 
operate in an ECA. For these vessels the economic bene�ts are typically expected to be signi�cant, and 
this is evident from cost analysis performed by DNV and in others studies.[4] The �nancial analysis is highly 
dependent on vessel type and cost assumptions, but for vessels which are operating more than 30% to 40% 
inside the ECA, the payback period of the increased CAPEX is �nancially attractive. Vessel types and ship 
segments in this category are the tankers, general cargo, container/ro-ro and cruise vessels with signi�cant 
operations inside the ECA.

Coastwise and regionally bound vessels, e.g. ferries, tugs, offshore
These are vessels that are expected to only operate inside the ECA, often in a �xed region or inside a port, e.g. 
tugs, ATB/ITBs, ferries, lakers and offshore vessels. Since the vessels are typically smaller than short sea vessels, 
the increased CAPEX with LNG fuel can have more impact on the �nancial analysis.
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Fuel cost sensitivity
If the fuel cost of the vessel is high relative to the other operation costs and the CAPEX, then the savings in fuel 
costs can more quickly offset the increased capital cost of the LNG installation. However, some ship segments 
where the charterers are responsible for the cost of fuel, the ship owner might have fewer �nancial incentives 
for building LNG fuelled ships.

Suf�cient size to accommodate the installation
This is an important criterion due to the regulations governing gas fuelled ships with regards to the location 
of the LNG tank(s). Additionally, the vessel must have suf�cient size to accommodate the increased volume 
of the fuel tanks. This is about 1.8 times the volume of the diesel tanks. Using an IMO type C independent 
tank installed with proper clearances, this can be 3 to 4 times the volume of an equivalent diesel tank. This 
increase in fuel tank volumes comes at the expense of cargo volume, and the vessel needs suf�cient size to 
absorb the loss of cargo space.

LNG bunker availability and cost
An important consideration is the availability of LNG bunkering at the ports where the vessel is trading. For 
international shipping, in addition to the availability, the price difference between ports and regions are a 
consideration, e.g. the price of LNG in Europe or Asia versus the price in North America. Differences in 
bunkering methods and regulations need also to be evaluated. These considerations could appy to container 
vessels, tankers, car carriers and bulk carriers which operate on international routes in and out of the North 
American ECA.

Possibilities for conversion
Some vessels and segments have possibilities for converting to the use of LNG as a fuel. Espcially in USA, 
due to the relatively high cost of new building at a US shipyard, conversion might be a relevant option. This is 
already occurring, as seen in the conversion projects announced by Interlake Shipping Co., Washington State 
Ferries and TOTE, which were discussed in Chapter 2.

Fleet renewal demand
Certain segments in North America are expected to have a higher growth and demand for new vessels. It is 
expected that OSVs, oil/product tankers and smaller container/ro-ro vessels are segments that will see growth 
in North America and that many of the new builds will use LNG as a fuel.

Liner service
There are many different trading patterns and contractual arrangements for merchant ships, but in the near 
term, when LNG bunkering facilities are not widely available, ships on a liner type service will be better able 
to utilize LNG as a fuel. Liner service means that the vessel is trading between a few set ports on a regular 
schedule. This is in opposition to the �spot� market, where a vessel will take a cargo from any port to any port. 
Depending on the industry segment, the percentage of ships on a liner type service and operating on the 
spot market can vary widely. For instance, about 50% of the international oil tanker �eet operates on the spot 
market, but nearly all container ships are on set routes.

Environmental pro�le is bene�cial
As greater importance is placed on environmentally sustainable operations for businesses, LNG will become a 
more attractive fuel. Some industry segments value this green image more than others. It is expected that the 
cruise and passenger vessels, if the technical and regulatory challenges can be overcome, will embrace this 
aspect of LNG fuel use. Other industry segments such as offshore supply vessels (OSV) will see value here if 
oil majors and charterers continue to place a premium on sustainability.

It can be ascertained that the types and numbers of the con�rmed projects for LNG fuelled ships in North 
America, as discussed in chapter 2, follow closely many of the de�ned criteria. It is also evident that in North 
America, the decision of using LNG as a fuel is mostly based on the �nancial attractiveness of the option. 
Therefore, the vessel types that are on order are often ocean going cargo vessels, which is different than most 
of the existing LNG fuelled ships in Northern Europe, and the development in North America could be an 
enabler for more use of LNG as a fuel also for international shipping.

4.2	 LNG as fuel in North American regions
The analysis of the trading patterns and ship activity is also an indication of the ports and regions within the 
North American ECA that will have the highest potential and bene�ts for the LNG fuelled shipping and the 
development of LNG bunkering infrastructure. The Gulf of Mexico region, the Paci�c Northwest, the Great 
Lakes and the Eastern seaboard are the areas with the highest international and domestic shipping activity.

The Gulf of Mexico is the busiest shipping region in North America and vessels of all types and sizes are 
trading in this area. The availability of LNG infrastructure and bunkering facilities in this region are in progress, 
and this will be further discussed in Chapter 5. The proximity to oil and gas production, both offshore and 
onshore, is a further enabler in the development and acceptance of LNG infrastructure and the operation of 
LNG fuelled ships. The �rst LNG fuelled vessel in North America, the Harvey Gulf OSVs, is expected to enter 
service in 2014. Being adjacent to the Wider Caribbean ECA, that comes into effect 1 January 2014, is an 
additional driver for LNG fuelled shipping in this region.

The Paci�c Northwest shipping area, which includes both US and Canadian waters, is also a region where there 
is high shipping activity, both coastal and international shipping. This region has an extensive ferry network 
(WSF, BC Ferries, AMHS), large container ports, bulk terminals and tanker traf�c. Port of Metro Vancouver is 
the largest Canadian port and is the fourth largest port in North America by tonnage. It is also a region where 
the environmental issues are important to the public and policymakers. As discussed in Chapter 2, TOTE Inc. 
will operate two LNG fuelled ro-ro ships between the Paci�c Northwest and Alaska. Additionally, both WSF 
and BC Ferries intend to use LNG as a fuel for their ferry vessels. The development of the LNG infrastructure is 
planned both in US and Canada, and the West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint 
Industry Project have investigated the feasibility of LNG fuelled shipping and the supplychain in more detail.[4]

The Great Lakes and the St Lawrence seaway is another area where the interest in the use of LNG as fuel is 
very high. The trading pattern and size of the Great Lakes cargo vessels are well suited for the use of LNG 
and these vessels will only operate inside the ECA. The conversion option is also expected to be a viable 
practical and economical option for these vessels, which is evident from the announced plans from Interlake 
Steamship�Co.

The Eastern Seaboard of the US and Canada is also an area of high shipping activity, both for vessel calls from 
outside the ECA as well as for domestic ship traf�c. The population and industrial density in this region is the 
highest in North America, and the proximity to the major transporation arteries, including highway, rail and 
inland waterways, is expected to facilate the multi-modal use of LNG as a transportaion fuel. The increased 
use of LNG as a fuel in this region will have a large impact, both environmentally and economically, and this 
will enable the development and demand of LNG fuelled shipping and infrastructure.

The majority of domestic waterborne transportation in the US are on the inland waterways using tugs and 
barges. The adoption of widespread use of LNG as a fuel for these vessels in the near future is uncertain, both 
from a technical, regulatory and economical consideration. However, as the infrastructure develops and the 
LNG fuel option becomes �nancially and operationally attractive, the market will drive technical innovations 
and challenge the regulatory stakeholders, including �ag States and class societies.
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4.2	 LNG as fuel in North American regions
The analysis of the trading patterns and ship activity is also an indication of the ports and regions within the 
North American ECA that will have the highest potential and bene�ts for the LNG fuelled shipping and the 
development of LNG bunkering infrastructure. The Gulf of Mexico region, the Paci�c Northwest, the Great 
Lakes and the Eastern seaboard are the areas with the highest international and domestic shipping activity.

The Gulf of Mexico is the busiest shipping region in North America and vessels of all types and sizes are 
trading in this area. The availability of LNG infrastructure and bunkering facilities in this region are in progress, 
and this will be further discussed in Chapter 5. The proximity to oil and gas production, both offshore and 
onshore, is a further enabler in the development and acceptance of LNG infrastructure and the operation of 
LNG fuelled ships. The �rst LNG fuelled vessel in North America, the Harvey Gulf OSVs, is expected to enter 
service in 2014. Being adjacent to the Wider Caribbean ECA, that comes into effect 1 January 2014, is an 
additional driver for LNG fuelled shipping in this region.

The Paci�c Northwest shipping area, which includes both US and Canadian waters, is also a region where there 
is high shipping activity, both coastal and international shipping. This region has an extensive ferry network 
(WSF, BC Ferries, AMHS), large container ports, bulk terminals and tanker traf�c. Port of Metro Vancouver is 
the largest Canadian port and is the fourth largest port in North America by tonnage. It is also a region where 
the environmental issues are important to the public and policymakers. As discussed in Chapter 2, TOTE Inc. 
will operate two LNG fuelled ro-ro ships between the Paci�c Northwest and Alaska. Additionally, both WSF 
and BC Ferries intend to use LNG as a fuel for their ferry vessels. The development of the LNG infrastructure is 
planned both in US and Canada, and the West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint 
Industry Project have investigated the feasibility of LNG fuelled shipping and the supplychain in more detail.[4]

The Great Lakes and the St Lawrence seaway is another area where the interest in the use of LNG as fuel is 
very high. The trading pattern and size of the Great Lakes cargo vessels are well suited for the use of LNG 
and these vessels will only operate inside the ECA. The conversion option is also expected to be a viable 
practical and economical option for these vessels, which is evident from the announced plans from Interlake 
Steamship�Co.

The Eastern Seaboard of the US and Canada is also an area of high shipping activity, both for vessel calls from 
outside the ECA as well as for domestic ship traf�c. The population and industrial density in this region is the 
highest in North America, and the proximity to the major transporation arteries, including highway, rail and 
inland waterways, is expected to facilate the multi-modal use of LNG as a transportaion fuel. The increased 
use of LNG as a fuel in this region will have a large impact, both environmentally and economically, and this 
will enable the development and demand of LNG fuelled shipping and infrastructure.

The majority of domestic waterborne transportation in the US are on the inland waterways using tugs and 
barges. The adoption of widespread use of LNG as a fuel for these vessels in the near future is uncertain, both 
from a technical, regulatory and economical consideration. However, as the infrastructure develops and the 
LNG fuel option becomes �nancially and operationally attractive, the market will drive technical innovations 
and challenge the regulatory stakeholders, including �ag States and class societies.
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5
LNG infrastructure and supply 
chain
The supply and demand of LNG is expected to grow signi�cantly in the coming years. It is expected that 
globally there will be suf�cient supply to the traditional LNG market. The demand for LNG to the marine 
market is not expected to be so high that it would in�uence the global supply based on the projection in the 
DNV Shipping 2020 study[8] and other studies. Figure 29 shows a projection of the global LNG supply and 
demand from a study from Galway Analysis.[9]

Figure 29: Global LNG supply & demand

However, in order to have a secure and stable supply of LNG as a fuel for ship, the appropriate bunkering 
methods and facilities must be in place, as well as the LNG infrastructure to ensure availability at the major 
ports and transportation hubs.

5.1	 LNG bunkering options
The following are the three main options for bunkering an LNG fuelled ship.

1.	 Supply from a tank truck � Truck to Ship transfer (TTS)

2.	 Supply from a bunker vessel � Ship to Ship (STS)

3.	 Supply by shore tank and pipeline � Shore Tank to Ship (TPS)

 The principles of these three options are shown in �gure 30.
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However, in order to have a secure and stable supply of LNG as a fuel for ship, the appropriate bunkering 
methods and facilities must be in place, as well as the LNG infrastructure to ensure availability at the major 
ports and transportation hubs.

5.1	 LNG bunkering options
The following are the three main options for bunkering an LNG fuelled ship.

1.	 Supply from a tank truck � Truck to Ship transfer (TTS)

2.	 Supply from a bunker vessel � Ship to Ship (STS)

3.	 Supply by shore tank and pipeline � Shore Tank to Ship (TPS)

 The principles of these three options are shown in �gure 30.
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Figure 30: Ship bunkering options

In addition to these bunkering options, the use of standardized containers is also considered as a supply of 
LNG. These containers can be delivered directly to the ship. An example of such a container is shown in 
�gure 31.

Figure 31: Tank container for LNG

The choice of bunkering options will depend on the regulatory framework, local conditions, cost and 
operational considerations. The type of vessel and the size of the onboard fuel tank will to a great extent 
in�uence the bunkering method and the required transfer rate. Typically, based on the LNG tank size and 
vessel type, the following are the likely preferred or practical bunkering methods.

Vessel type LNG Tank Size (m3) Bunkering Method

Workboat, Tug ITB > 100  TTS, Container

Ferries 100 � 200 TTS

OSV > 300 TPS, TTS

Ships 500 � 10,000+ STS

TTS is often the early phase adoption and for vessels with small tank capacities such as ferries, tugs and coastal 
vessels. The most ef�cient is considered to be STS.

5.2	 LNG supply chain
There are a number of possible ways of bringing the natural gas from the production well to the tanks on 
board a vessel in the form of LNG. A whitepaper from ICCT[10] identi�ed eight pathways of bringing LNG to 
a bunkering facility and �gure 32 is taken from their report.

Figure 32: LNG pathways[10]

The pathways are differentiated by the source, the type of LNG facility, and the bunkering location and 
method. In North America, Pathways 4 to 8 would be considered most likely, as the source of the gas is 
expected to come from the onshore shale gas production. In order to further illustrate the possible pathways, 
�gure 33 shows a graphic representation of the pathway.
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Figure 33: Illustration of LNG pathways[10]

In North America, the existing liquefaction facilities used for Pathways 4 to 6 could also include the planned 
LNG export terminals in the US. For Pathway 4, the bunkering facility is located at the liquefaction facility, and 
for Pathways 5 and 6, LNG is loaded on a truck or fuel barge and transported to a remote bunkering facility. 
Pathway 6 also includes LNG storage at the bunkering facility. Pathways 7 and 8 will use a dedicated small 
scale liquefaction facility with storage and bunkering that can either be done on site or remotely.

5.3	 LNG availability in North America

Natural gas is widely available in USA and Canada; however, the availability of natural gas stored as LNG is 
only available in certain locations. 

In USA, most of these facilities are so-called peak shaving plants, and are typically owned and operated 
by public energy utilities and energy producers. The purpose is to store natural gas as LNG for use during 
peak demand periods, and the plants will gasify the LNG and send it to the consumers via pipelines. There 
are about 100 peak shavers and about 50 with liquefaction facilities. Typically, the peak shavers have �rst 
obligation for supplying natural gas to the State or local utilities. In addition to the peaking facilities, there are 
a number of existing LNG import terminals in the US. However, the import of LNG to the US have declined 
in the last few years and according to the data from the US Energy Information Agency (EIA) the average daily 
deliveries from US LNG terminals from 1 January 2013 to 31 August 2013 averaged 0.3 Bcf/d, down about 
40% from a comparable period in 2012. LNG imports through US terminals peaked in 2007 at over 2.1 Bcf/d. 
The �gure shows the LNG facilities in the USA. There is one LNG export facility located in Kenai, Alaska, but 
this facility has been idle since 2012. Figure 34 shows the LNG facilities in the US (US EIA).

Figure 34: US LNG facilities (2008)

Because of the increased natural gas production from shale deposits in North America, some of the existing 
LNG import facilities are planned for conversions to LNG export facilities. This will typically require the 
addition of large scale liquefaction plants at the facility.

In addition, there are also a number of new LNG export facilities that are being planned. All of these facilities 
will have to apply to the US Department of Energy for export licence. An updated list of the proposed facilities 
can be found at the DOE website at:

http://energy.gov/sites/prod/�les/2013/10/f4/Summary%20of%20LNG%20Application.pdf

As of 15 October 2013, four of the large planned export terminals have been approved for exporting LNG to 
countries that have a Free Trade Agreement (FTA) with USA, as well as exporting LNG to non-FTA countries. 

Those facilities are as follows.

Company Location Quantity [Bcf/d] Planned in service

Sabine Pass Liquefaction, LLC Sabine Pass, LA 2.2 4Q 2015

Freeport LNG expansion LLC Freeport, TX 1.4 2018+

Lake Charles Exports, LLC Lake Charles, LA 2.0 2018

Dominion Cove Point LNG, LP Baltimore, MD 1.77 2017

Canada is the world�s third largest producer of natural gas and Canada has ample reserves for future production. 
A large portion of the gas production in Canada is exported by pipelines to the USA. In Canada, there are four 
LNG peak shaving plants and they are located as follows.[4]

Location Ownership

Montreal, QC GazMetro

Hagar, ON Union Gas

Tilbury, BC FortisBC

Mt. Hayes, BC FortisBC
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Figure 34: US LNG facilities (2008)

Because of the increased natural gas production from shale deposits in North America, some of the existing 
LNG import facilities are planned for conversions to LNG export facilities. This will typically require the 
addition of large scale liquefaction plants at the facility.

In addition, there are also a number of new LNG export facilities that are being planned. All of these facilities 
will have to apply to the US Department of Energy for export licence. An updated list of the proposed facilities 
can be found at the DOE website at:

http://energy.gov/sites/prod/�les/2013/10/f4/Summary%20of%20LNG%20Application.pdf

As of 15 October 2013, four of the large planned export terminals have been approved for exporting LNG to 
countries that have a Free Trade Agreement (FTA) with USA, as well as exporting LNG to non-FTA countries. 

Those facilities are as follows.

Company Location Quantity [Bcf/d] Planned in service

Sabine Pass Liquefaction, LLC Sabine Pass, LA 2.2 4Q 2015

Freeport LNG expansion LLC Freeport, TX 1.4 2018+

Lake Charles Exports, LLC Lake Charles, LA 2.0 2018

Dominion Cove Point LNG, LP Baltimore, MD 1.77 2017

Canada is the world�s third largest producer of natural gas and Canada has ample reserves for future production. 
A large portion of the gas production in Canada is exported by pipelines to the USA. In Canada, there are four 
LNG peak shaving plants and they are located as follows.[4]

Location Ownership

Montreal, QC GazMetro

Hagar, ON Union Gas

Tilbury, BC FortisBC
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There is only one LNG import terminal in Canada, which is the Canaport LNG terminal in Saint John, New 
Brunswick and this plant receives gas from the offshore production.

There are also some gas export projects at various stages of development in Canada, and most of them are 
on the Canadian West Coast. These will primarily focus on exporting LNG to markets in Asia. As in the USA, 
each of the proposed projects needs to undergo various regulatory review processes to meet both local and 
federal requirements and the �nal investment decisions to proceed depends on having the major regulatory 
approvals in place and securing contracts with prospective buyers. More detail and locations of four of the 
projects are listed below.[4]

Project Location Quantity (Bcf/d) Planned in service

Douglas Channel LNG Kitimat, BC 0.09 2015

Kitimat LNG Kitimat, BC 0.75 2018

LNG Canada Kitimat, BC 5.0 n/a

Paci�c Northwest LNG Kitimat, BC 2.4 n/a

A map from the US Federal Energy Regulatory Commission (FERC) of proposed LNG Export terminals in North 
America as 12 November 2013 is shown in �gure 35.

 

Figure 35: NA Planned LNG export facilities

There may be potential for the domestic LNG markets to be supplied by these facilities, and some of the 
smaller scale liquefaction projects have intentions to supply LNG as a fuel for ships. This study has not 
attempted to assess the probability of any speci�c project�s successful implementation.

In the short term future the LNG needed for ship bunkering will likely come from the existing peak shaving 
plants and in the longer terms from dedicated small scale liquefaction plants for the domestic market. There 
are also plans to build berth side �oating LNG liquefaction plants for export.

5.4	 Existing and planned LNG bunkering infrastructure
Because of the large interest in the use of LNG as fuel in the transportation sector, including waterborne 
transportation, a number of projects for supplying LNG and supporting the infrastructure have been made 

public and new plans are being announced almost daily. Therefore, this report will provide a snapshot of the 
projects known at the time this report was written (November 2013), but since the market is in continuous 
development, the need to have updated information is recommended. 

The North American market is also unique since a lot of interest of using LNG as a fuel also comes from 
the heavy-duty trucks, �eet operators, mining, oil and gas, and the railway industry. The development of 
multi-modal LNG facilities and infrastructure, which might serve more than one mode of use, could be a key 
element in building an LNG infrastructure.

5.4.1	 Existing LNG bunkering facilities

As of November 2013, there are no existing marine bunkering facilities in North America. There is a growing 
network of LNG fuelling stations dedicated to supplying LNG to road vehicles. According to the website 
maintained by the US DOE Alternative Fuels Data Center, there are 42 existing retail LNG fuelling stations in 
the US to serve LNG fuelled vehicles. 

5.4.2	 Planned LNG bunkering facilities

There are several projects in various stages of development to deliver LNG to the transportation sector, 
including LNG for marine use. Some of these projects will primarily support some of the speci�c con�rmed 
LNG fuelled vessels to enter service in North America, other projects plan to supply the expected general 
increase in demand for LNG as a ship fuel, as well as supplying LNG for multi-modal use.

The list of projects with most relevance to the marine market is below. 

No. Project Location Type* Capacity 
(mmTPA)

Date

1 Harvey Gulf Port Fourchon, LA A � 1Q- 2014

2 Shell LNG Geismar, LA B 0.25 2016

3 Shell LNG Sarnia, ON [CAN] B 0.25 2016

4 GazMetro Quebec [CAN] A � 2014

5 Eagle LNG Jacksonville, FL B 0.19 2016

6 Eagle LNG Tacoma, WA B 0.19 2016+

7 LNG America US Gulf Coast B  0.3 �

8 Waller Marine US Gulf Coast B  0.3 �

*	A : Storage facility and bunkering

	 B: Liquefaction and storage

Project 1

The bunkering facility will be designed to support operations of Harvey Gulf�s series of LNG fuelled offshore 
supply vessels (OSVs).

The facility will consist of two sites each having 270,000 gallons of LNG storage capacity and the ability to 
transfer 500 gallons per minute. The facility will also be capable of supporting over-the-road vehicles that 
operate on LNG. The estimate to complete the �rst site is February 2014, with the second site following shortly 
thereafter. 

Projects 2 and 3

Shell plans to install a small-scale liquefaction plant in Geismar, Louisiana, to supply LNG along the Mississippi 
River, the Intra-Coastal Waterway and to the offshore Gulf of Mexico and the onshore oil and gas exploration 
areas of Texas and Louisiana. Shell has a memorandum of understanding with Edison Chouest Offshore 
companies (ECO) to supply LNG fuel to marine vessels that operate in the Gulf of Mexico and to provide 
what is anticipated to be the �rst LNG barging and bunkering operation in North America at Port Fourchon, 
Louisiana. The LNG transport barges will move the fuel from the Geismar production site to Port Fourchon 
where it will be bunkered into customer vessels. The ship bunkering is planned to done by bunker vessel/
barge or tanker trucks.
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public and new plans are being announced almost daily. Therefore, this report will provide a snapshot of the 
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Project 1

The bunkering facility will be designed to support operations of Harvey Gulf�s series of LNG fuelled offshore 
supply vessels (OSVs).

The facility will consist of two sites each having 270,000 gallons of LNG storage capacity and the ability to 
transfer 500 gallons per minute. The facility will also be capable of supporting over-the-road vehicles that 
operate on LNG. The estimate to complete the �rst site is February 2014, with the second site following shortly 
thereafter. 

Projects 2 and 3

Shell plans to install a small-scale liquefaction plant in Geismar, Louisiana, to supply LNG along the Mississippi 
River, the Intra-Coastal Waterway and to the offshore Gulf of Mexico and the onshore oil and gas exploration 
areas of Texas and Louisiana. Shell has a memorandum of understanding with Edison Chouest Offshore 
companies (ECO) to supply LNG fuel to marine vessels that operate in the Gulf of Mexico and to provide 
what is anticipated to be the �rst LNG barging and bunkering operation in North America at Port Fourchon, 
Louisiana. The LNG transport barges will move the fuel from the Geismar production site to Port Fourchon 
where it will be bunkered into customer vessels. The ship bunkering is planned to done by bunker vessel/
barge or tanker trucks.
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A similar small-scale liquefaction plant will be installed in Sarnia, Ontario to supply LNG fuel to all �ve Great 
Lakes, their bordering US states and Canadian provinces and the St Lawrence Seaway. The Interlake Steamship 
Company is expected to be the �rst marine customer in this region, as it begins the conversion of its vessels.

Project 4
Gaz MØtro will supply the three new ferries for SociØtØ des traversiers du QuØbec (STQ) with LNG. The 
company also has plans to develop a larger LNG infrastructure network in Canada.

Projects 5 and 6
Eagle Energy Partners is a consortium between Clean Energy Fuels Corp, Ferus Natural Gas Fuels and General 
Electric. They plan to develop regional LNG projects to meet the growing demand in industries such as 
long-haul trucking, rail, mining, marine and oil and gas services.

The goal of the consortium is to build out LNG infrastructure throughout the North America, starting with the 
locations in Jacksonville, Florida and Tacoma, Washington. The facilities will include small-scale liquefaction 
plants and focus on delivery of LNG to ships, rail and long-haul transport trucks.

The two plants will each have a production capacity of 300,000 gallons/day and is expected to cost $100 
million each. Smaller, 100,000 gallon/day plants are to be built in Ohio, Colorado, Texas and possibly in 
Canada, at a typical cost of $45 million each. Each plant will also require about $10 million to buy specialized 
LNG delivery trucks and storage tanks to handle and distribute the fuel.

Project 7
LNG America intends to obtain LNG from Cheniere Energy�s large-scale Sabine Pass LNG export facility 
currently under construction in Cameron Parish, Louisiana. LNG America will own and operate logistics 
infrastructure necessary to deliver LNG to marine and on-shore customers. The company envision the use of 
LNG bunker vessels, tanker trucks, storage and loading facilities to deliver LNG. The initial geographic focus 
for LNG America is on the US Gulf Coast with plans to expand into other regions as the markets develop.

Project 8
Waller Marine, Inc., through its LNG development subsidiaries, Waller Energy Holdings, LLC and Waller LNG 
Services, LLC, intends to build a liquefaction facility in southwest Louisiana. Using small-scale liquefaction 
technology, the plan is to install nominal 500,000 gallon per day LNG trains in phases as the market and 
demand for marine LNG expands.

To enable the supply and distribution of LNG to and from small scale LNG terminals and for bunkering LNG as 
a marine fuel, Waller has designed a series of small LNG vessels ranging from its 2,000 to 10,000 cubic metre 
capacity river transport and bunker barges and its 10,000 to 30,000 cubic metre coastwise ATB LNG vessels. 

5.4.3	 LNG infrastructure Canadian West Coast
On the West Coast of Canada, there is some existing LNG production capacity which was developed with 
the primary purpose of acting as peak shaving plants for the local natural gas distribution company, FortisBC. 
Additional LNG infrastructure is being planned to support local demand for natural gas as a transportation 
fuel. Additional natural gas pipelines are planned from the gas production areas in Northwest British Columbia 
to liquefaction facilities in Prince Rubert, Kitimat, and the Vancouver area. The local gas utilities, FortisBC and 
PNG, plan to develop local distribution systems for LNG as the market grows and this also includes demand 
from the marine transportation sector. Teekay is a partner with FortisBC and have proposed to establish LNG 
bunkering in the Paci�c Northwest, with at least one bunkering vessel, by 2016.

There are also pipelines between the Canada and the US on the West coast, which will facilitate the growth 
of LNG fuelled shipping in Paci�c Northwest. 

Ferus Natural Gas Fuels and ENN Canada Corporation have announced a joint venture to construct, own and 
operate an LNG liquefaction plant in Vancouver, British Columbia to service trucking market as well as other 
high-horsepower applications including marine, rail, mining, and oil and gas exploration. There will also be 
a plant in Edmonton, Alberta. Both facilities will initially be built to produce 100,000 US gallons per day of 
LNG, with the ability to expand as demand grows. Site selection will be determined within six months, and 
construction will be initiated immediately afterwards. First product is expected early in 2016.

5.4.4	 Additional LNG infrastructure

In addition to the projects discussed in the previous section which focus on the delivery of LNG as a fuel 
to the marine market, there are also many plans for development of LNG infrastructure for the more general 
multi-modal use of LNG.

The US company AGL resources, which operates �ve peak shaving facilities and is currently the largest 
producer of LNG in the USA with a production capacity of 540,000 gallons of LNG per day, is planning 
to expand its facilities and create a network for distribution of LNG in the southeastern USA through its 
subsidiary Pivotal LNG. A summary of the company�s �ve LNG production facilities and a map showing the 
locations is below in �gure 36.

 

 

Figure 36: AGLR LNG facilities[11]

In another development, the transportation company UPS (United Parcel Service) have plans to signi�cantly 
increase the number of LNG fuelled tractor-trailers the company use for highway shipping in the US. The 
company already operates about a 100 LNG large trucks, and intends to purchase another 700 by the end of 
2014. This plan also includes the expansion of LNG fuelling stations and infrastructure across the USA.

5.5	 Cost of LNG
The relatively low cost of natural gas when compared to diesel fuel is an important driver in the interest of 
using LNG as a fuel for shipping and this is particularly the case in North America. The current price of natural 
gas is different in North America, Europe and Asia. Figure 37 shows the prices in USD from February 2009 
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until December 2012 for the three main natural gas price indices, the Henry Hub (USA), NBP (Europe) and 
JKM (Japan/Korea). (Data from Platts & Professor Kenneth B Medlock III, Rice University).[12]

 

Figure 37: Price history natural gas � world indices

The price difference between the natural gas price and diesel prices is shown in �gure 38.[13] The prices in 
both �gure 38 and �gure 37 are shown based on the energy content of the fuel, which is more relevant than 
the quantity.

 

Figure 38: Price history natural gas vs. marine diesel fuels[12]

It is seen that since 2011, the Henry Hub (US) price range gas has been 3 to 4 USD/mmBTU, while the MDO/
MGO price range 21 to 26 USD/mmBTU, and the IFO price range 15 to 18 USD/mmBTU. The bunker prices 
also show variations depending on the region and port. In November 2013, the average bunker prices in North 
America are shown in the table below, both in terms of quantity and energy content.

Americas IFO380 IFO180 MDO/MGO

Average ($/ton) $610 $680 $1,020

Average ($/mmBTU) $15 $17 $25

However, the comparison of the fuel cost between marine diesel fuel and LNG must be based on the cost of 
the delivered fuel to the ships tanks (FOB). There are a number of variables that need to be analysed in order 
to estimate the LNG bunker price. The Henry Hub price is the cost of the feedstock gas, and all the costs and 
pro�t margins involved in transportation, processing, storage and bunkering must be included. The estimate of 
these costs will also depend on the supply chain or the pathway of LNG to the market. A number of possible 
pathways were described in section 5.2. For each of the participants in the supply-chain, the business case 
must make economic sense, and this also includes the �nal user.

There have been carried out estimates of the expected LNG bunker price in North America. The results 
are similar but there are also signi�cant variations. The largest contributors to the LNG cost are the cost of 
liquefaction and the bunkering cost. Uncertainty in these two parameters will have the largest effect on the 
LNG bunker cost. The cost of liquefaction will depend on the capital costs (CAPEX) of the liquefaction plant, 
�xed and variable operating costs (OPEX), and the utilization rate of the plant capacity. Based on knowledge 
of these parameters, an analysis of the expected liquefaction cost can be carried out.

The bunkering cost will to a great extent depend on the pricing model and pro�t margin that is chosen by the 
bunker supplier.

An estimate of the LNG bunker price in North America is shown in table 16. The analysis is based on 
assumptions of the capital cost and the operating cost for a new small-scale liquefaction plant, as well as cost 
for transportation by pipeline and by trucks. It has assumed an add-on (pro�t margin) of $5, which is based 
on industry estimates.

Table 16 � LNG price estimate

Price Estimate for LNG Bunker

Cost of gas: $/mmbtu (Henry Hub) $4.00 mmBTU
Pipeline charge: 0.5 $0.50 mmBTU
Liquefaction Cost $5.09 mmBTU
Trucking @ $7/load mile: 0.9 $0.90 mmBTU
Total at dock: $10.49 mmBTU
Bunkering: $5.00 mmBTU
Total at sea: $15.49 mmBTU

The liquefaction cost is based on a new plant (CAPEX $50,000,000) and investment rate of return of 11% for 
ten years. Liquefaction capacity is 100,000 gallons per day, 80% availability.

The estimate is comparable with other recent studies[4] and the difference is mainly related to the uncertainty 
in the liquefaction cost. The pathway from the liquefaction plant to the ship will also in�uence the price 
depending on whether the bunkering is done shore-side from a storage tank, with a tanker truck, or with a 
bunker vessel.

It can be estimated that the LNG bunker price in the near future will be equal or less than the residual fuel 
price (IFO180/380) and about 60% less than the distillate (MDO/MGO) price. The future price projections 
are more uncertain, but the cost of low sulphur diesel fuel is expected to increase because of the increased 
demand, re�nery cost and capacity. The delivered fuel price projections until 2035 from the US EIA is shown 
in �gure 39. This is the baseline case assuming an annual economic growth of 2.5%.
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However, the comparison of the fuel cost between marine diesel fuel and LNG must be based on the cost of 
the delivered fuel to the ships tanks (FOB). There are a number of variables that need to be analysed in order 
to estimate the LNG bunker price. The Henry Hub price is the cost of the feedstock gas, and all the costs and 
pro�t margins involved in transportation, processing, storage and bunkering must be included. The estimate of 
these costs will also depend on the supply chain or the pathway of LNG to the market. A number of possible 
pathways were described in section 5.2. For each of the participants in the supply-chain, the business case 
must make economic sense, and this also includes the �nal user.

There have been carried out estimates of the expected LNG bunker price in North America. The results 
are similar but there are also signi�cant variations. The largest contributors to the LNG cost are the cost of 
liquefaction and the bunkering cost. Uncertainty in these two parameters will have the largest effect on the 
LNG bunker cost. The cost of liquefaction will depend on the capital costs (CAPEX) of the liquefaction plant, 
�xed and variable operating costs (OPEX), and the utilization rate of the plant capacity. Based on knowledge 
of these parameters, an analysis of the expected liquefaction cost can be carried out.

The bunkering cost will to a great extent depend on the pricing model and pro�t margin that is chosen by the 
bunker supplier.

An estimate of the LNG bunker price in North America is shown in table 16. The analysis is based on 
assumptions of the capital cost and the operating cost for a new small-scale liquefaction plant, as well as cost 
for transportation by pipeline and by trucks. It has assumed an add-on (pro�t margin) of $5, which is based 
on industry estimates.

Table 16 � LNG price estimate

Price Estimate for LNG Bunker

Cost of gas: $/mmbtu (Henry Hub) $4.00 mmBTU
Pipeline charge: 0.5 $0.50 mmBTU
Liquefaction Cost $5.09 mmBTU
Trucking @ $7/load mile: 0.9 $0.90 mmBTU
Total at dock: $10.49 mmBTU
Bunkering: $5.00 mmBTU
Total at sea: $15.49 mmBTU

The liquefaction cost is based on a new plant (CAPEX $50,000,000) and investment rate of return of 11% for 
ten years. Liquefaction capacity is 100,000 gallons per day, 80% availability.

The estimate is comparable with other recent studies[4] and the difference is mainly related to the uncertainty 
in the liquefaction cost. The pathway from the liquefaction plant to the ship will also in�uence the price 
depending on whether the bunkering is done shore-side from a storage tank, with a tanker truck, or with a 
bunker vessel.

It can be estimated that the LNG bunker price in the near future will be equal or less than the residual fuel 
price (IFO180/380) and about 60% less than the distillate (MDO/MGO) price. The future price projections 
are more uncertain, but the cost of low sulphur diesel fuel is expected to increase because of the increased 
demand, re�nery cost and capacity. The delivered fuel price projections until 2035 from the US EIA is shown 
in �gure 39. This is the baseline case assuming an annual economic growth of 2.5%.
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Figure 39: US EIA fuel price projections to 2035

It is predicted that the natural gas price in North America will continue to be low relative to the diesel fuel 
market. Even with the future potential for LNG export from North America, it is not considered that this will 
have a great impact on the domestic natural gas price. However, the LNG export market will be coupled to 
the worldwide LNG demand and this will in�uence the business decision for the operators of the large-scale 
LNG export facilities.

Another factor that will drive the cost of LNG available as a ship fuel is how the market will develop. One 
scenario is that the market will be dominated by one or only a very few suppliers. The pricing of LNG as a 
marine fuel might then be closer coupled to the marine diesel fuel pricing. Another scenario is that the market 
becomes more competitive, including the multi-modal use of LNG, and the market forces will create a more 
competitive environment.

6
Current regulatory regime

6.1	 Overview
This chapter will provide an overview of the current regulatory regimes for LNG fuelled shipping. A complete 
regulatory framework should provide oversight and guidelines for the design, manufacturing, installation, 
personnel certi�cation and operation of gas fuelled ships.

The purpose of the regulations is to address the risks and safety associated with the carriage, storage, handling, 
transfer, exposure, release and use of natural gas on board a ship.

The interface with shore-side activities including bunkering, security, personnel certi�cation and maintenance 
will also be subject to regulatory oversight.

An appropriate regulatory framework will be one of the key enablers for the use of LNG as a ship fuel.

6.2	 International regulations and guidelines
The current international regulations, codes and guidelines applicable to LNG as a fuel for shipping are 
developed by IMO, standard bodies (ISO, IEC, EN, etc.), classi�cation societies and industry groups.

6.2.1	 IMO
The most relevant IMO regulations applicable to the use of LNG as a fuel for shipping are:

–� SOLAS convention including requirements for maritime fuels

–� STCW convention including training requirements for crews

–� International Code for Construction and Equipment of Ships Carrying Lique�ed Gases in Bulk 
(IGC� Code, referenced within SOLAS Chapter VII, Part C) including requirements for the 
construction and operation of LNG tanker

–� Interim Guidelines on Safety for Natural Gas-Fuelled Engine Installations in Ships MSC.285(86)

–� International Code of Safety for Ships using Gases or other low Flashpoint Fuels (IGF Code, in 
development, will be referenced within SOLAS) including requirements for the construction and 
operation of gas-fuelled ships.

Based on IGC code, IMO recognizes the use of lique�ed natural gas as ship�s fuel in the special case of gas 
carrying ships, but historically did not explicitly allow LNG as fuel for other types of ship. However, the IGF 
Code under development will allow the use of gases or other low �ashpoint fuels. The IGF Code will not be in 
place until 2014 (and will probably not be rati�ed for a further two years), but IMO issued Interim Guidelines 
(resolution MSC.285(86)) in 2009 with which the IGF Code will be consistent and which provide guidance 
until the code has been developed. The ships being built today are being built following the Interim Guidelines 
and the Classi�cation Rules, but the acceptance of a gas fuelled ship and the Interim Guidelines is up to the 
�ag State.

6.2.2	 ISO (International Organization for Standardization)
The International Organization for Standardization (ISO) is a non-governmental organization and a network 
for national standard bodies developing standards for all kinds of industries on international level. The ISO 
is also involved in the development of standards for the shipping industries and closely works together with 
the�IMO.
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regulatory framework should provide oversight and guidelines for the design, manufacturing, installation, 
personnel certi�cation and operation of gas fuelled ships.

The purpose of the regulations is to address the risks and safety associated with the carriage, storage, handling, 
transfer, exposure, release and use of natural gas on board a ship.

The interface with shore-side activities including bunkering, security, personnel certi�cation and maintenance 
will also be subject to regulatory oversight.

An appropriate regulatory framework will be one of the key enablers for the use of LNG as a ship fuel.

6.2	 International regulations and guidelines
The current international regulations, codes and guidelines applicable to LNG as a fuel for shipping are 
developed by IMO, standard bodies (ISO, IEC, EN, etc.), classi�cation societies and industry groups.

6.2.1	 IMO
The most relevant IMO regulations applicable to the use of LNG as a fuel for shipping are:

–� SOLAS convention including requirements for maritime fuels

–� STCW convention including training requirements for crews

–� International Code for Construction and Equipment of Ships Carrying Lique�ed Gases in Bulk 
(IGC� Code, referenced within SOLAS Chapter VII, Part C) including requirements for the 
construction and operation of LNG tanker

–� Interim Guidelines on Safety for Natural Gas-Fuelled Engine Installations in Ships MSC.285(86)

–� International Code of Safety for Ships using Gases or other low Flashpoint Fuels (IGF Code, in 
development, will be referenced within SOLAS) including requirements for the construction and 
operation of gas-fuelled ships.

Based on IGC code, IMO recognizes the use of lique�ed natural gas as ship�s fuel in the special case of gas 
carrying ships, but historically did not explicitly allow LNG as fuel for other types of ship. However, the IGF 
Code under development will allow the use of gases or other low �ashpoint fuels. The IGF Code will not be in 
place until 2014 (and will probably not be rati�ed for a further two years), but IMO issued Interim Guidelines 
(resolution MSC.285(86)) in 2009 with which the IGF Code will be consistent and which provide guidance 
until the code has been developed. The ships being built today are being built following the Interim Guidelines 
and the Classi�cation Rules, but the acceptance of a gas fuelled ship and the Interim Guidelines is up to the 
�ag State.

6.2.2	 ISO (International Organization for Standardization)
The International Organization for Standardization (ISO) is a non-governmental organization and a network 
for national standard bodies developing standards for all kinds of industries on international level. The ISO 
is also involved in the development of standards for the shipping industries and closely works together with 
the�IMO.
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One important work by ISO related to the LNG supply chain is:

–� Guidelines for systems and installations for supply of LNG as fuel to ships (currently under 
development in the ISO Technical Committee 67 WG) including requirements for safety, 
components and systems, and training.

The objectives of the document are de�ned as follows:

–� Ensure safety to personnel (crew, bunkering operators and 3rd party personnel)

–� Minimize/eliminate release of natural gas to the atmosphere

–� Promote standardization in equipment (connectors and instrumentation) and procedures

–� Give functional requirements to explain principles and allow for future improvements and 
developments by not prescribing existing solutions based on current and limited experience

–� Allow for an effective review and permit process of simple and standardized solutions.

A draft version of this document was published as ISO/DTS 18683: Guidelines for Systems and Installations for 
Supply of LNG as Fuel to Ships, on 29 June 2013.

Another document from ISO is the ISO 28460:2010 standard Installation and Equipment for Lique�ed Natural 
Gas � Ship to shore interface and Port.

ISO 28460:2010 speci�es the requirements for ship, terminal and port service providers to ensure the safe 
transit of an LNG carrier through the port area and the safe and ef�cient transfer of its cargo. 

ISO 28460:2010 applies only to conventional onshore LNG terminals and to the handling of LNGCs in 
international trade. 

6.2.3	 Classi�cation societies
DNV introduced the �rst set of Rules for Gas Fuelled ships in 2001 and these rules were used as input for the 
IMO Interim Guidelines issued in 2009, and since then most IACS members, including ABS, LR and NK have 
issued rules and guidelines related to the design and safety requirements for the gas fuelled ship and onboard 
systems.

In addition to the ship rules, classi�cation societies are developing guidelines and standards related to the 
bunkering operation and personnel certi�cation.

In April 2013, DNV issued a Standard for Certi�cation No. 3.325, Competence Related to the On Board Use 
of LNG as Fuel. The scope of the standard is to identify a suggested minimum level of knowledge and skills 
for people in various roles on board a vessel using LNG as fuel. 

DNV GL is developing a Recommended Practice (RP) for LNG bunkering. A draft was issued in October 2013, 
and following an external comment period, the document will be formally published.

6.2.4	 Industry Groups and Associations
The Society of International Gas Tanker & Terminal Operators (SIGTTO) is a non-pro�t organization representing 
the lique�ed gas carrier operators and terminal industries. The purpose of the SIGTTO is to promote shipping 
and terminal operations for lique�ed gases which are safe, environmentally responsible and reliable. SIGTTO 
also publish guidelines and reports for development of best operating practices. The guidelines describe the 
handling and transport of large quantities of LNG as cargo, handled by an experienced crew on gas carriers 
and LNG terminals, and has formed the basis for the development of current guidelines for the bunkering of 
LNG as ship fuel.

Most important guidelines are:

–� LNG Ship to Ship Transfer Guidelines including guidance for safety, communication, manoeuvring, 
mooring and equipment for vessels undertaking side-by-side ship to ship transfer;

–� Lique�ed Gas Fire Hazard Management including the principles of lique�ed gas �re prevention 
and �re �ghting

–� ESD Arrangements & linked ship/shore systems for lique�ed gas carriers including guidance for 
functional requirements and associated safety systems for ESD arrangements 

–� Lique�ed Gas Handling Principles on Ships and in Terminals including guidance for the handling 
of LNG, LPG and chemical gases for serving ship�s of�cers and terminal operational staff

–� LNG Operations in Port Areas including an overview of risk related to LNG handling within port 
areas.

SIGTTO announced in May 2013 the formation of a new organization for gas fuelled vessels: Society for Gas 
as a Marine Fuel (SGMF). One of the purposes of SGMF will be to develop advice and guidance for best 
industrial practice among its members and to develop best practice for the use of LNG as marine fuel.

6.3	 National and local regulations within North America

The feasibility of LNG as a ship fuel in North America will also depend on the national and local acceptance 
and awareness of both the bene�ts and risk involved in the use of natural gas as a ship fuel. The great majority 
of the public in USA and Canada are familiar with natural gas supplied by pipeline into their houses and used 
for domestic heating and cooking. The use of natural gas buses and other vehicles are also a common sight 
in many cities.

However, the use of LNG as a ship fuel is a new development and it is important that the domestic regulatory 
framework is in place to support the adoption of the expected increase in demand. Both in the US and 
Canada, the regulations pertaining to the LNG facilities and infrastructure is governed by different federal 
(national) jurisdictions and agencies, as well as local regulatory entities.

6.3.1	 USA

The responsibility for the US �ag and port state regulations for the design, construction and operation of LNG 
fuelled ships is with the US Coast Guard (USCG). The USCG also has regulatory oversight of the bunkering of 
LNG fuelled ships.

USCG has issued the policy letter CG-521 No. 01-12 Equivalency Determination � Design Criteria for Natural 
Gas Fuel Systems. It provides a basis for USCG to accept the design of gas fuelled ships, and is based on IMO 
resolution MSC.285 (86) with some modi�cations and additions. The main changes are related to:

–� use of US standards for type approved products

–� �re protection, including monitoring systems

–� electrical systems, in particular the designation of hazardous areas.

The USCG does also require special approval for the use of LNG storage tanks below the accommodation 
area of a ship, as well as for the use of the ESD (Emergency Shut Down) concept for gas engines on board an 
LNG fuelled ship.

The policy letter does not explicitly address bunkering of gas fuelled ships or training or certi�cation 
requirements for operating personnel. However, the USCG has a draft policy letter that addresses these issues:

–� USCG Draft PL No. 01-13 Guidelines for Lique�ed Gas Fuel Transfer Operations and Training of 
Personnel of Vessels using Natural Gas as Fuel.

In addition, the USCG has drafted a policy letter related to bunkering facilities and vessel bunker operations:

–� USCG Draft PL No. 02-13 Guidance Related to Vessels and Waterfront facilities Conducting 
Lique�ed Natural Gas (LNG) Marine Fuel Transfer (Bunkering) Operations.

It is expected that the USCG will formally issue the policy letters to the public following an internal process.
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–� ESD Arrangements & linked ship/shore systems for lique�ed gas carriers including guidance for 
functional requirements and associated safety systems for ESD arrangements 

–� Lique�ed Gas Handling Principles on Ships and in Terminals including guidance for the handling 
of LNG, LPG and chemical gases for serving ship�s of�cers and terminal operational staff

–� LNG Operations in Port Areas including an overview of risk related to LNG handling within port 
areas.

SIGTTO announced in May 2013 the formation of a new organization for gas fuelled vessels: Society for Gas 
as a Marine Fuel (SGMF). One of the purposes of SGMF will be to develop advice and guidance for best 
industrial practice among its members and to develop best practice for the use of LNG as marine fuel.

6.3	 National and local regulations within North America

The feasibility of LNG as a ship fuel in North America will also depend on the national and local acceptance 
and awareness of both the bene�ts and risk involved in the use of natural gas as a ship fuel. The great majority 
of the public in USA and Canada are familiar with natural gas supplied by pipeline into their houses and used 
for domestic heating and cooking. The use of natural gas buses and other vehicles are also a common sight 
in many cities.

However, the use of LNG as a ship fuel is a new development and it is important that the domestic regulatory 
framework is in place to support the adoption of the expected increase in demand. Both in the US and 
Canada, the regulations pertaining to the LNG facilities and infrastructure is governed by different federal 
(national) jurisdictions and agencies, as well as local regulatory entities.

6.3.1	 USA

The responsibility for the US �ag and port state regulations for the design, construction and operation of LNG 
fuelled ships is with the US Coast Guard (USCG). The USCG also has regulatory oversight of the bunkering of 
LNG fuelled ships.

USCG has issued the policy letter CG-521 No. 01-12 Equivalency Determination � Design Criteria for Natural 
Gas Fuel Systems. It provides a basis for USCG to accept the design of gas fuelled ships, and is based on IMO 
resolution MSC.285 (86) with some modi�cations and additions. The main changes are related to:

–� use of US standards for type approved products

–� �re protection, including monitoring systems

–� electrical systems, in particular the designation of hazardous areas.

The USCG does also require special approval for the use of LNG storage tanks below the accommodation 
area of a ship, as well as for the use of the ESD (Emergency Shut Down) concept for gas engines on board an 
LNG fuelled ship.

The policy letter does not explicitly address bunkering of gas fuelled ships or training or certi�cation 
requirements for operating personnel. However, the USCG has a draft policy letter that addresses these issues:

–� USCG Draft PL No. 01-13 Guidelines for Lique�ed Gas Fuel Transfer Operations and Training of 
Personnel of Vessels using Natural Gas as Fuel.

In addition, the USCG has drafted a policy letter related to bunkering facilities and vessel bunker operations:

–� USCG Draft PL No. 02-13 Guidance Related to Vessels and Waterfront facilities Conducting 
Lique�ed Natural Gas (LNG) Marine Fuel Transfer (Bunkering) Operations.

It is expected that the USCG will formally issue the policy letters to the public following an internal process.

N
O

RT
H

 A
M

ER
IC

A
 E

C
A

LNG_combined.indb   61 2/2/2016   12:29:11 PM



62  North America ECA

The existing US federal regulations for LNG facilities regardless of the size are generally covered in the following 
codes and regulations.

Code Description
NFPA59A Standard for the Production, Storage and handling of LNG
USCG 33CFR Part 127 Waterfront facilities handling LNG and Lique�ed Hazardous Gas
USCG 49CFR Part 193 LNG facilities: Federal Safety Standard
18 CFR Part 153 Applications for authorization to construct, operate or modify facilities used for 

the export or import of natural gas

The Code of Federal Regulations (CFR) is the codi�cation of the general and permanent rules and regulations 
(sometimes called administrative law) published in the Federal Register by the executive departments and 
agencies of the federal government of the United States.

Other federal agencies that have regulations and responsibilities related to LNG facilities are:
–� Department of Energy
–� Federal Energy Regulatory Commission (FERC)
–� Department of Transportation (DOT)
–� US Environmental Protection Agency (EPA)
–� US Minerals Management Service
–� US Fish and Wildlife Service
–� US Department of Labor Occupational Safety & Health Administration (OSHA)
–� US Army Corps of Engineers.

There are also State and local agencies that might have oversight and regulations, including each State�s 
Department of Environmental Protection and the local Fire Department (Fire Marshal). 

6.3.2	 Canada
In Canada, Transport Canada is the federal agency that regulates shipping in Canada, including the �ag 
regulations for Canadian �agged vessels.

The Canada Shipping Act, 2001, applies to all Canadian �agged vessels and all vessels in Canadian waters 
except those belonging to the Canadian Forces, or foreign military. The Canadian regulations currently do not 
permit the use of LNG as fuel for ships and the IMO Interim Guidelines are not incorporated by reference in 
any Canadian regulation. However, there is work in progress in order to develop a regulatory framework to 
accepting the use of LNG as fuel for Canadian vessels. There is currently a process in place (MTRB � Marine 
Technical Review Board) which would allow for LNG vessels to visit Canadian ports.

There are currently no speci�c Canadian regulations applicable to the safety during LNG bunkering, but the 
TP 743E TERMPOL code (Technical Review Process of Marine Terminal Systems and Transshipment Sites) was 
established by Transport Canada in 1977 as a means of measuring the navigational risks associated with the 
location and operation of marine terminals for large oil tankers. The TERMPOL Code was expanded in 1982 
to include, on a voluntary basis, proposals for marine terminals designed to handle bulk shipments of lique�ed 
natural gas (LNG), lique�ed petroleum gas (LPG) and chemicals. The future of TERMPOL is somewhat unclear, 
but it is expected that its principles will be preserved in ongoing codes.[4]

A Canadian Standards Association (CSA) code applicable to LNG facilities is:

CSA Z276-2011		 Lique�ed natural gas (LNG) � Production, storage, and handling.

The scope of CSA Z276-2011 explicitly excludes road, rail and marine fuelling applications. According to 
Reference,[4] it contains much material that can be applied to bunkering and CSA is in the process of adding 
an Annex (called Annex D) to the Standard to provide requirements for LNG Vehicle Fueling Stations. This 
Annex was approved at the September 2013 Z276 Technical Committee meeting and will be published as a 
supplement to Z276-2011 at the end of 2014. A Work Group is formed to review the scope of Z276 to consider 
inclusion of further transportation related facilities including those applicable to marine transport. The current 
edition of Z276 also contains Annex B - Guidelines for Small LNG Facilities. The current de�nition of �small 
facility� in Z276: a shop-fabricated process plant that is tested as an assembled and functional plant prior to 
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shipment. The maximum storage volume of a small facility is 265 m3 (70 000 US gal) of liquid. Another Work 
Group has begun a review and update of Annex B and will also address inclusion of further transportation 
related requirements as they are identi�ed and approved by the Technical Committee. The date of inclusion 
of future requirements in either a new edition of, or supplement to, Z276 is uncertain at this time.

The West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint Industry Project[4] identi�ed existing 
Canadian regulations applicable to LNG fuelled ships and will provide recommendations for the policy 
development of a Canadian regulatory framework with respect to design and construction of LNG ships, 
operation of LNG fuelled ships in Canadian Waterways and Ports, bunkering of LNG fuelled ships, and 
measures to prevent security incidents. It is generally proposed that the framework be based on reference to 
the international codes and guidelines that are in place or in development, and also use the existing Canadian 
processes and regulations, e.g. TERMPOL and MTRB.
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7
Environmental bene�ts
The environmental bene�ts of using LNG as fuel are signi�cant. Compared to the use of diesel fuel, use of 
LNG will reduce the NOx emission by approximately 90% on a lean burn gas fuelled engine, and the SOx and 
particle matters emissions are negligible without the need of  any abatement technologies. The CO2 emissions 
are about 20% lower compared to diesel fuel because of the lower carbon content. However, the overall 
effect on GHG (Green House Gas) emissions needs further study.

7.1	 Existing environmental impact of shipping in NA ECA
Ships are signi�cant contributors to the US and Canadian mobile-source emission inventories.

The ships generate signi�cant emissions of �ne particulate matter (PM2.5), NOx and SOx that contribute to 
poor air quality. Emissions to the air from ships cause harm to public health, contributes to visibility impairment 
and other detrimental environmental impacts.

Several of the USA�s most serious ozone and PM2.5 non-attainment areas are affected by emissions from 
ships. Currently more than 30 major US ports along the Atlantic, Gulf of Mexico and Paci�c coasts are located 
in non-attainment areas for ozone and/or PM2.5.

Air pollution from ships is expected to grow over the next two decades. Without any of the planned emission 
control strategies, by 2030, NOx emissions from ships would be projected to more than double, growing to 
2.1 million tons a year while annual PM2.5 emissions would be expected to almost triple to 170,000 tons. The 
North American ECA ensures that emissions from ships will be reduced signi�cantly, delivering substantial 
bene�ts to large segments of the population, as well as to marine and terrestrial ecosystems.

7.2	 Gas engine emissions
The main types of emission from the combustion process in an internal combustion are CO2, NOx, SOx and 
PM (particle matter). The amount depends on the type of fuel and the combustion process.

CO2 is a greenhouse gas that is among those responsible for global warming.

NOx is formed due to high temperature and pressure during the combustion process and contributes to the 
formation of smog as well as contributing to the formation of ground level ozone.

SOx cause acid rain and have a negative impact on public health. The emission amount is directly related to 
the amount of sulphur present in the fuel.

Secondary SOx and NOx also contribute to PM formation results through a series  of chemical and physical 
reactions resulting in sulphate and nitrate PM. PM and black carbon are other solid pollutants created from 
the combustion process. PM results from various impurities and incomplete combustion processes. Most PM 
emissions are harmful to humans and may have contributing factors to global warming. The accumulation of 
black carbon on glaciers and polar icecaps may accelerate the melting rate by increasing the absorption of 
sunlight (United States Environmental Protection Agency, 2010). There is an increasing focus on black carbon 
emissions and its impact on environment and its contribution to global warming.

Unlike the limits in North America imposed on land based transport, power generation and inland waterways, 
there are currently no limits speci�ed by IMO on emissions of Unburned Hydrocarbons (HC) or Carbon 
Monoxide (CO). The reason for this is considered to be simply that these are not the signi�cant emission 
components from a well maintained diesel engine when operating under marine transit conditions. In the 
USA, the EPA have stipulated HC and CO limits for all engines, including the largest marine models.
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Environmental bene�ts
The environmental bene�ts of using LNG as fuel are signi�cant. Compared to the use of diesel fuel, use of 
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particle matters emissions are negligible without the need of  any abatement technologies. The CO2 emissions 
are about 20% lower compared to diesel fuel because of the lower carbon content. However, the overall 
effect on GHG (Green House Gas) emissions needs further study.
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Ships are signi�cant contributors to the US and Canadian mobile-source emission inventories.

The ships generate signi�cant emissions of �ne particulate matter (PM2.5), NOx and SOx that contribute to 
poor air quality. Emissions to the air from ships cause harm to public health, contributes to visibility impairment 
and other detrimental environmental impacts.

Several of the USA�s most serious ozone and PM2.5 non-attainment areas are affected by emissions from 
ships. Currently more than 30 major US ports along the Atlantic, Gulf of Mexico and Paci�c coasts are located 
in non-attainment areas for ozone and/or PM2.5.

Air pollution from ships is expected to grow over the next two decades. Without any of the planned emission 
control strategies, by 2030, NOx emissions from ships would be projected to more than double, growing to 
2.1 million tons a year while annual PM2.5 emissions would be expected to almost triple to 170,000 tons. The 
North American ECA ensures that emissions from ships will be reduced signi�cantly, delivering substantial 
bene�ts to large segments of the population, as well as to marine and terrestrial ecosystems.

7.2	 Gas engine emissions
The main types of emission from the combustion process in an internal combustion are CO2, NOx, SOx and 
PM (particle matter). The amount depends on the type of fuel and the combustion process.

CO2 is a greenhouse gas that is among those responsible for global warming.

NOx is formed due to high temperature and pressure during the combustion process and contributes to the 
formation of smog as well as contributing to the formation of ground level ozone.

SOx cause acid rain and have a negative impact on public health. The emission amount is directly related to 
the amount of sulphur present in the fuel.

Secondary SOx and NOx also contribute to PM formation results through a series  of chemical and physical 
reactions resulting in sulphate and nitrate PM. PM and black carbon are other solid pollutants created from 
the combustion process. PM results from various impurities and incomplete combustion processes. Most PM 
emissions are harmful to humans and may have contributing factors to global warming. The accumulation of 
black carbon on glaciers and polar icecaps may accelerate the melting rate by increasing the absorption of 
sunlight (United States Environmental Protection Agency, 2010). There is an increasing focus on black carbon 
emissions and its impact on environment and its contribution to global warming.

Unlike the limits in North America imposed on land based transport, power generation and inland waterways, 
there are currently no limits speci�ed by IMO on emissions of Unburned Hydrocarbons (HC) or Carbon 
Monoxide (CO). The reason for this is considered to be simply that these are not the signi�cant emission 
components from a well maintained diesel engine when operating under marine transit conditions. In the 
USA, the EPA have stipulated HC and CO limits for all engines, including the largest marine models.
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In the case of gas engines, they have higher emissions of CO and HC than diesel engines. While regulations 
are not generally in place for these compounds in the commercial marine sector, this is most likely a result of 
the small number of engines. If Natural Gas engines become more widely used, CO and HC limits might be 
expected. There are treatment methods for reducing emissions of CO and HC in engine exhaust gas.

7.2.1	 Greenhouse gases (CO2, CH4)
CO2 emissions are related to the carbon content of fuel and the amount of fuel consumed. The CO2 emission 
can be reduced by more improved fuel ef�ciency or by improvement in the vessel overall design and operating 
ef�ciency (trim management, route selection, reducing speed, improving ship hull forms, etc.).

The natural gas fuelled marine engines currently in use on the existing gas fuelled vessels in operation are 
medium speed, Otto cycle engines; either spark ignition or pilot fuel injection. Gas engines operating on 
the diesel cycle are also available, both as four stroke medium speed and two stroke low speed engines. 
Regardless of the operating cycle, method of natural gas ignition (spark ignited or diesel pilot), or the engine 
operating speed, using natural gas rather than fuel oils results in a reduction in the amount of CO2 produced 
by the engine itself as a result of the lower carbon content.

This reduction in CO2 production may be partially offset by methane slip, the term to describe the fraction 
of natural gas that passes through the engine without burning. Methane slip is more prevalent in engines 
operating on the Otto cycle. The amount of methane released by natural gas engines operating on the diesel 
cycle is comparable to operation on conventional liquid fuel. Manufacturers of Otto cycle natural gas engines 
are continuing to make advances in reducing the amount of methane slip by using a lean-burn principle. There 
is the potential to reduce methane emissions as a result of enhanced engine design, integration of methane-
related controls, and the use of methane-targeted oxidation catalysts. 

However, the total GHG emissions from the �well� to �propeller� using natural gas are getting more attention, 
and as current research indicates the LNG pathway will in�uence the actual bene�ts when compared to 
conventional fuel.[10, 14] Use of best practices in the LNG supply chain can reduce the amount of methane 
released to the atmosphere.

7.2.2	 SOx emissions
The amount of SOx produced depends on the sulphur content of the fuel.

There are very small amounts of sulphur in the natural gas produced in North America. Therefore, when 
compared to conventional diesel fuels with sulphur content equal to the IMO limits, the amount of SOx is 
signi�cantly reduced.

While diesel ignition dual fuel or direct injection natural gas engines may potentially use higher sulphur 
content fuel oils for pilot fuel, the SOx emissions from these types of engines are the sum of the contributions 
from the natural gas and pilot fuel. There are negligible SOx emissions for a spark-ignited Otto cycle engine 
operating on gas only. There might be some small amounts because of combustion of the lubricating oils.

7.2.3	 NOx emissions
NOx forms during combustion and is primarily a function of the temperature in the combustion zone. In a 
diesel cycle engine there is a �ame front where the temperatures are very high and this forms NOx. Generally, 
the higher the temperature, the more NOx is produced. However, the formation of NOx is a complex issue 
and several formation mechanisms are important. It is also dependent on the amount of excess air during the 
combustion process.

Diesel cycle engines, regardless of whether they are fuelled by natural gas or by fuel oils, have higher NOx 
emissions compared to engines operating on the Otto cycle.

In the case of gas fuelled engines operating on the diesel cycle, SCR or EGR may be required in order to 
comply with the IMO Tier III NOx limits, although the speci�c emissions management strategy will vary 
depending on the engine manufacturer.

In the case of gas fuelled marine engines operating on the Otto cycle, neither SCR nor EGR are required to 
comply when operating on gas only. However, in the case of dual fuel engines when operating on diesel fuels, 
SCR or EGR will be required to comply with NOx III limits.

7.2.4	 PM emissions
PM emissions can be attributed to incomplete combustion of fuels. High cylinder temperatures and pressures 
can cause some of the fuel injected into a cylinder to break down rather than combust with the air in 
the cylinder space. This breakdown of the fuel can lead to carbon particles, sulphates and nitrate aerosols 
being produced. Fuels with higher sulphur content result in higher PM emissions because some of the fuel is 
converted to sulphate particulates in the exhaust. However, sulphur is not the sole source of particulate matter. 
According to a recent study[6] natural gas PM emissions are reduced by approximately 85%.

7.3	 Effect on environment
Because of the ECA and the more stringent emissions requirements for marine engines, ships will reduce 
their emissions of nitrogen oxides (NOx), sulphur oxides (SOx) and �ne particulate matter (PM2.5). In 2030, 
according to EPA, emissions from these ships operating in the ECA are expected to be reduced annually by 
1,300,000 tons for SOx, 1,200,000 tons for NOx and 143,000 for PM (2.5). The bene�ts are expected to 
include preventing between 12,000 to 31,000 premature deaths and relieving respiratory symptoms for nearly 
�ve million people each year in the US and Canada. The monetized health-related bene�ts are estimated to 
be between $110 and $270 billion in the US in 2030.

Based on EPA analysis, the US coastline and much of the interior of the country will experience signi�cant 
improvements in air quality due to reduced PM and ozone from ships complying with ECA standards. Coastal 
areas will experience the largest improvements; however, signi�cant improvements will extend far inland.

N
O

RT
H

 A
M

ER
IC

A
 E

C
A

LNG_combined.indb   66 2/2/2016   12:29:11 PM



Environmental bene�ts  67

7.2.4	 PM emissions
PM emissions can be attributed to incomplete combustion of fuels. High cylinder temperatures and pressures 
can cause some of the fuel injected into a cylinder to break down rather than combust with the air in 
the cylinder space. This breakdown of the fuel can lead to carbon particles, sulphates and nitrate aerosols 
being produced. Fuels with higher sulphur content result in higher PM emissions because some of the fuel is 
converted to sulphate particulates in the exhaust. However, sulphur is not the sole source of particulate matter. 
According to a recent study[6] natural gas PM emissions are reduced by approximately 85%.

7.3	 Effect on environment
Because of the ECA and the more stringent emissions requirements for marine engines, ships will reduce 
their emissions of nitrogen oxides (NOx), sulphur oxides (SOx) and �ne particulate matter (PM2.5). In 2030, 
according to EPA, emissions from these ships operating in the ECA are expected to be reduced annually by 
1,300,000 tons for SOx, 1,200,000 tons for NOx and 143,000 for PM (2.5). The bene�ts are expected to 
include preventing between 12,000 to 31,000 premature deaths and relieving respiratory symptoms for nearly 
�ve million people each year in the US and Canada. The monetized health-related bene�ts are estimated to 
be between $110 and $270 billion in the US in 2030.

Based on EPA analysis, the US coastline and much of the interior of the country will experience signi�cant 
improvements in air quality due to reduced PM and ozone from ships complying with ECA standards. Coastal 
areas will experience the largest improvements; however, signi�cant improvements will extend far inland.
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Technology readiness

8.1	 Current LNG fuelled shipping
This section provides a summary of the LNG powered vessels currently in service or on order. The discussion 
in this section excludes gas carriers, which can use gas as a fuel but also carry gas as a cargo.

As of 15 November 2013, there were 44 vessels operating using LNG as a fuel and a further 44 vessels on 
order. The majority of vessels in service using LNG as a fuel are in Norway and the Baltic area.  However, 
North America has seen a number of con�rmed new build and conversion projects since 2012, including 
ferries (Canada), offshore supply vessels (US), container ships (US) and Great Lakes ore carriers (US).

The worldwide development of LNG fuelled �eet is shown in �gure 40. About 15 of the con�rmed orders for 
new build and conversions are in North America.

Figure 40: LNG fuelled �eet

Before 2011, all of the LNG fuelled ships were operating in Norway with most of vessels being coastal ferries 
or platform supply vessels (PSV). The development of the LNG fuelled ships in Norway was driven by the 
environmental considerations and �nancial incentives from the Norwegian government.

In regards to the engine technology used for the LNG fuelled ship segment, the next �gure shows the technology 
used for the ships in operation as well as for the ships on order.
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8.1	 Current LNG fuelled shipping
This section provides a summary of the LNG powered vessels currently in service or on order. The discussion 
in this section excludes gas carriers, which can use gas as a fuel but also carry gas as a cargo.

As of 15 November 2013, there were 44 vessels operating using LNG as a fuel and a further 44 vessels on 
order. The majority of vessels in service using LNG as a fuel are in Norway and the Baltic area.  However, 
North America has seen a number of con�rmed new build and conversion projects since 2012, including 
ferries (Canada), offshore supply vessels (US), container ships (US) and Great Lakes ore carriers (US).

The worldwide development of LNG fuelled �eet is shown in �gure 40. About 15 of the con�rmed orders for 
new build and conversions are in North America.

Figure 40: LNG fuelled �eet

Before 2011, all of the LNG fuelled ships were operating in Norway with most of vessels being coastal ferries 
or platform supply vessels (PSV). The development of the LNG fuelled ships in Norway was driven by the 
environmental considerations and �nancial incentives from the Norwegian government.

In regards to the engine technology used for the LNG fuelled ship segment, the next �gure shows the technology 
used for the ships in operation as well as for the ships on order.
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Figure 41: Engine technology

In the �gure, gas means ships with gas-only engines, DF means ships with dual fuel engines, gas+diesel 
means ships with both gas and diesel engines, and other means ships with gas turbine or where the engine 
technology has not been published.

In the table below there is a summary of number of ships by type and operation area.

Type of ship Number Operation area

Vessels in Service   

Small coastal ferries 20 Northern Europe

High speed ferry 1 South America

Large cruise ferries 2 Northern Europe

Offshore vessels 12 North Sea

Product tanker 1 Northern Europe

Inland waterway 2 Northern Europe, China

Misc., patrol, �sh farm 5 Northern Europe

Harbour vessels 1 Korea

Total 44  

On Order/Under Construction as of November 2013

Small coastal ferries 10 Canada (3), Northern Europe (7)

Offshore vessels 10 USA (6), North Sea (4)

Ro-pax vessels 1 Northern Europe

Tugs 4 Northern Europe (2), China (2)

Patrol vessel 1 Northern Europe

Liquid ethylene carriers 3 

Cargo, product vessels 3 Northern Europe

Ro-ro vessels 4 Northern Europe

Ro-ro vessels (conversion) 2 USA

Container vessels 6 USA (4)

Total 44

8.2	 Storage and arrangement on board

Carriage of LNG on board ships started with the �rst LNG carriers over �fty years ago and there are currently 
about 380 LNG carriers in operation with about a 100 on the order books. The development of the gas carrier 
�eet has also resulted in different types of tank and LNG storage designs.

The LNG carriers are designed following the requirement in the ICG code and the following tank types for 
carrying LNG as a cargo are de�ned in this code.

–� Independent tanks
–� Type A
–� Type B 
–� Type C 

–� Membrane tanks with full secondary barrier

In addition to the speci�c tank design, the size requirement and tank location are important considerations for 
a gas fuelled vessel. The handling of any boil off from the tank is also an issue to be considered.

In the IMO Interim Guidelines for Gas Fuelled Ships, MSC 285(86), LNG storage tanks used for gas fuelled 
ships are to be independent tanks, either Type A, B or C, designed in accordance with Chapter 4 in the IGC 
Code. For the current �eet of gas fuelled ships in operation only Type C tanks have been used. However, in 
accordance to the draft IGF Code, the use of membrane tanks will also be possible as fuel tanks for gas fuelled 
vessels. Additionally, the draft IGF Code opens for accepting use of portable tanks, i.e. tank containers.

8.2.1	 Type A Independent Tanks
These are prismatic tanks designed primarily using recognized standards of classical ship-structural analysis. 
Because of the prismatic design, the vapour pressure should not exceed 0.7 bar. These also require a complete 
structural secondary barrier.

Figure 42: Prismatic Independent Type A tank

8.2.2	 Type B Independent Tanks
These are tanks that are designed using model testing and analysis method to determine stress levels, fatigue 
life and crack propagation characteristics. They can be of prismatic design, but the well-known spherical Moss 
tank design is a Type B tank. The design vapour pressure is typically 0.25 bar. They only require a partial 
secondary barrier. 

Type B tanks may be used in larger or longer endurance vessels, as they can maximize the amount of storage 
volume in an internal installation on the ship. To date, there are no LNG fuelled vessels with Type B tanks in 
service or under construction, though several designs have been proposed and some have received Approval 
in Principle.
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The LNG carriers are designed following the requirement in the ICG code and the following tank types for 
carrying LNG as a cargo are de�ned in this code.

–� Independent tanks
–� Type A
–� Type B 
–� Type C 

–� Membrane tanks with full secondary barrier

In addition to the speci�c tank design, the size requirement and tank location are important considerations for 
a gas fuelled vessel. The handling of any boil off from the tank is also an issue to be considered.

In the IMO Interim Guidelines for Gas Fuelled Ships, MSC 285(86), LNG storage tanks used for gas fuelled 
ships are to be independent tanks, either Type A, B or C, designed in accordance with Chapter 4 in the IGC 
Code. For the current �eet of gas fuelled ships in operation only Type C tanks have been used. However, in 
accordance to the draft IGF Code, the use of membrane tanks will also be possible as fuel tanks for gas fuelled 
vessels. Additionally, the draft IGF Code opens for accepting use of portable tanks, i.e. tank containers.

8.2.1	 Type A Independent Tanks
These are prismatic tanks designed primarily using recognized standards of classical ship-structural analysis. 
Because of the prismatic design, the vapour pressure should not exceed 0.7 bar. These also require a complete 
structural secondary barrier.

Figure 42: Prismatic Independent Type A tank

8.2.2	 Type B Independent Tanks
These are tanks that are designed using model testing and analysis method to determine stress levels, fatigue 
life and crack propagation characteristics. They can be of prismatic design, but the well-known spherical Moss 
tank design is a Type B tank. The design vapour pressure is typically 0.25 bar. They only require a partial 
secondary barrier. 

Type B tanks may be used in larger or longer endurance vessels, as they can maximize the amount of storage 
volume in an internal installation on the ship. To date, there are no LNG fuelled vessels with Type B tanks in 
service or under construction, though several designs have been proposed and some have received Approval 
in Principle.
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Figure 43: Prismatic Independent Type B tank

8.2.3	 Type C Independent Tanks
These are essential pressure vessels which are designed in accordance with the relevant pressure vessel design 
code. The working pressure is typically less than 10 bars for tanks up to 700 m3. Type C tanks are considered 
leak proof, and no secondary barrier is required. The outer shell of the tank is a low temperature resistant 
material, typically stainless steel. Most of the tank designs for the gas fuelled ships in operation, other than 
LNG carriers, are using vacuum insulated Type C tanks.

Figure 44: Independent Type C tank

8.2.4	 Membrane Tanks
Membrane containment systems, such as GTT�s Mark III and NO96 systems, are commonly used on LNG 
carriers. Membrane tanks typically consist of two independent and liquid tight barriers and two layers of 
insulation to protect the hull from the low temperatures and to limit boil off.

Figure 45: Membrane tank

8.2.5	 Boil off handling
All storage tanks for LNG are highly insulated but gradual heating is unavoidable which results in boil off gas 
(BOG) which has to be managed. For vessels �tted with Type C tanks, the BOG can be managed up to a point 
by allowing the pressure to increase. The draft IGF Code requires that the tank pressure shall be kept below 
the set point of the pressure relief valves without venting gas to atmosphere.

 The draft Code indicates various methods for tank pressure control:

–� re-liquefaction of vapours

–� thermal oxidation of vapours

–� pressure accumulation

–� lique�ed gas fuel cooling

–� energy consumption by the ship (in idle condition)

The minimum holding time is 15 days for pressure vessel tanks (Type C tanks) as proposed in the draft 
IGF�Code. The USCG requires a minimum of 21 days.

In the case of tanks with a design pressure of maximum 0.7 bar, i.e. tanks other than  Type C tanks, combustion 
(burning, oxidation) of the BOG is probably the realistic alternative.

A sketch of a gas supply and BOG handling system is in �gure 46.
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8.2.4	 Membrane Tanks
Membrane containment systems, such as GTT�s Mark III and NO96 systems, are commonly used on LNG 
carriers. Membrane tanks typically consist of two independent and liquid tight barriers and two layers of 
insulation to protect the hull from the low temperatures and to limit boil off.

Figure 45: Membrane tank

8.2.5	 Boil off handling
All storage tanks for LNG are highly insulated but gradual heating is unavoidable which results in boil off gas 
(BOG) which has to be managed. For vessels �tted with Type C tanks, the BOG can be managed up to a point 
by allowing the pressure to increase. The draft IGF Code requires that the tank pressure shall be kept below 
the set point of the pressure relief valves without venting gas to atmosphere.

 The draft Code indicates various methods for tank pressure control:

–� re-liquefaction of vapours

–� thermal oxidation of vapours

–� pressure accumulation

–� lique�ed gas fuel cooling

–� energy consumption by the ship (in idle condition)

The minimum holding time is 15 days for pressure vessel tanks (Type C tanks) as proposed in the draft 
IGF�Code. The USCG requires a minimum of 21 days.

In the case of tanks with a design pressure of maximum 0.7 bar, i.e. tanks other than  Type C tanks, combustion 
(burning, oxidation) of the BOG is probably the realistic alternative.

A sketch of a gas supply and BOG handling system is in �gure 46.
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Figure 46: Gas supply and BOG handling system

8.2.6	 Tank location
The location of the LNG storage tank or tanks is also important from a safety point of view. The IMO Interim 
Guidelines allow LNG tanks to be located both below and above deck, but the position of the tanks is subject 
to restriction on the distance from the side and the bottom of the vessels. Tanks located on deck will also need 
to be protected from mechanical damage, e.g. from dropped objects, cargo handling cranes, etc.

In the current IMO Interim Guidelines the tank location is subject to prescriptive requirements based on the 
tank size and breadth of the vessel.

There have been some discussions during the development of the draft IGF Code whether a risk based 
method should be developed for determining the tank location.

8.2.7	 Fuel supply arrangements
IMO resolution MSC 285(86) requires a fully redundant system. For single fuel installations (gas only), the fuel 
storage should be divided between two or more tanks of approximately equal size. Dual fuel engines may 
use a single gas tank and have liquid fuel as a backup. There are some interpretations of this rule, and some 
applications may allow a single fuel, pure gas system to have only one fuel storage tank provided that there is 
redundancy in the fuel delivery systems.

8.3	 Engine technology
The use of gas as a fuel for prime movers is not something new. Many of the very early inventions of internal 
combustion engines were operated on gas, and the engine invented in 1876 by Nikolaus Otto ran on coal 
gas. This engine used four cycles in the operating process and this process is today known as the Otto cycle. 
However, liquid petroleum based fuels become the preferred fuel for the modern versions of the internal 
combustion engines.

The prime movers that are available for use on board ships to generate power is as follows.

–� Reciprocating internal combustion engine (diesel or Otto cycle)

–� Gas turbines 

–� Fuel cells

–� Fossil fuelled steam turbine 

–� Nuclear reactor with steam turbine

Except for nuclear power, all prime movers can use both liquid fuel and gas fuels. The diesel engine has 
become the predominant engine technology for marine applications because of relatively low cost and high 
fuel ef�ciency. Steam turbine powered ships have mostly been phased out, except for older LNG carriers, due 
to the simplicity of using boil off gas as a fuel for these ships. There are also a few US �agged steam turbine 
ships in commercial operation.

The gas turbine, the gas here referring to the working �uid rather than the fuel, is also used on some ships, 
primarily on naval ships and high speed vessels, because of the high power to weight ratio.

Fuel cells have been used on surface ships for research and testing purposes, and it could be a possible 
technology in the future.

8.3.1	 Natural gas engine technology
This section will focus on the state of the technology for internal combustion engines designed to operate on 
gas fuels. There are three basic technologies used in natural gas engines � lean burn spark-ignition pure gas, 
dual fuel with diesel pilot and direct injection with diesel pilot. The engine technology can also be divided 
into which thermodynamic cycle is used by the engine, either the Otto cycle or the diesel cycle. 

The basic characteristics of these two cycles are de�ned in the table below.

Combustion cycle Fuel injection Ignition

Otto The fuel is mixed with air and admitted to the 
cylinder before the compression starts.

The Otto cycle combustion is started by an 
ignition source, typically an electric spark or 
injection of pilot oil.

Diesel The fuel is admitted to the cylinder �rst at the 
end of the compression stroke.

Combustion is usually started by self-ignition 
of the fuel, also called compression ignition.

Combined cycle dual fuel In gas mode � the above Otto cycle process 
is used. 
In diesel mode � the above diesel cycle 
process is used.

In gas mode � usually started by injection of 
pilot fuel oil into the compressed mixture of 
air/natural gas. Normal diesel cycle ignition in 
diesel fuel only mode.

Diesel cycle dual fuel In both gas and diesel modes � the fuel is 
admitted to the cylinder �rst at the end of the 
compression stroke.

In gas mode � pilot fuel is injected and 
self-ignites; gas is then injected into the �ame 
from the pilot oil.

The technology available for the marine market is shown in the next table. All of the engines in use on the gas 
fuelled ship in operation are either pure gas engines or dual fuel four stroke medium speed engines. Engines 
classi�ed as low speed typically operate up to 300 RPM, medium speed engines typically operate in a range 
of 300 to 1000 RPM, and high speed engines operate at 1000 RPM and above. A summary of the gas engine 
technologies is shown in table 17.

Table 17 � Natural gas engine technologies

Pure gas engines Dual fuel 4-stroke engines Dual fuel 2-stroke engines

Cycle Otto Otto Otto/diesel

Gas supply Low pressure Low pressure Low/High pressure

Ignition source Spark plug Liquid fuel pilot Liquid fuel pilot

The engines which operate with the Otto cycle use a pre-mixed air/fuel charge, and this results in the following 
two issues which are not seen with the diesel cycle gas engines:

–� Sensitivity to gas quality: Lower methane-number fuels increase the susceptibility to knocking.

–� Methane slip: Unburned fuel from incomplete combustion will escape in the exhaust and be 
released to the atmosphere unless removed by after treatment.

All the major engine manufacturers offer different options and sizes for natural gas engines, either pure gas 
engines or dual fuel engines. A summary is provided in the next paragraphs.

8.3.2	 Pure gas engines
The engines are available for the marine market and have been applied to many of the existing gas fuelled 
ships both for diesel electric and mechanical propulsion arrangement. The majority of the gas engines on 
board the gas fuelled ships are medium speed engines.

Power range for available marine engines are from about 500 kW to almost 10,000 kW with up to almost 
500�kW/cylinder. 

Examples of major manufacturers with pure gas engines for the marine market are Rolls-Royce and Mitsubishi.
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Fuel cells have been used on surface ships for research and testing purposes, and it could be a possible 
technology in the future.

8.3.1	 Natural gas engine technology
This section will focus on the state of the technology for internal combustion engines designed to operate on 
gas fuels. There are three basic technologies used in natural gas engines � lean burn spark-ignition pure gas, 
dual fuel with diesel pilot and direct injection with diesel pilot. The engine technology can also be divided 
into which thermodynamic cycle is used by the engine, either the Otto cycle or the diesel cycle. 

The basic characteristics of these two cycles are de�ned in the table below.

Combustion cycle Fuel injection Ignition

Otto The fuel is mixed with air and admitted to the 
cylinder before the compression starts.

The Otto cycle combustion is started by an 
ignition source, typically an electric spark or 
injection of pilot oil.

Diesel The fuel is admitted to the cylinder �rst at the 
end of the compression stroke.

Combustion is usually started by self-ignition 
of the fuel, also called compression ignition.

Combined cycle dual fuel In gas mode � the above Otto cycle process 
is used. 
In diesel mode � the above diesel cycle 
process is used.

In gas mode � usually started by injection of 
pilot fuel oil into the compressed mixture of 
air/natural gas. Normal diesel cycle ignition in 
diesel fuel only mode.

Diesel cycle dual fuel In both gas and diesel modes � the fuel is 
admitted to the cylinder �rst at the end of the 
compression stroke.

In gas mode � pilot fuel is injected and 
self-ignites; gas is then injected into the �ame 
from the pilot oil.

The technology available for the marine market is shown in the next table. All of the engines in use on the gas 
fuelled ship in operation are either pure gas engines or dual fuel four stroke medium speed engines. Engines 
classi�ed as low speed typically operate up to 300 RPM, medium speed engines typically operate in a range 
of 300 to 1000 RPM, and high speed engines operate at 1000 RPM and above. A summary of the gas engine 
technologies is shown in table 17.

Table 17 � Natural gas engine technologies

Pure gas engines Dual fuel 4-stroke engines Dual fuel 2-stroke engines

Cycle Otto Otto Otto/diesel

Gas supply Low pressure Low pressure Low/High pressure

Ignition source Spark plug Liquid fuel pilot Liquid fuel pilot

The engines which operate with the Otto cycle use a pre-mixed air/fuel charge, and this results in the following 
two issues which are not seen with the diesel cycle gas engines:

–� Sensitivity to gas quality: Lower methane-number fuels increase the susceptibility to knocking.

–� Methane slip: Unburned fuel from incomplete combustion will escape in the exhaust and be 
released to the atmosphere unless removed by after treatment.

All the major engine manufacturers offer different options and sizes for natural gas engines, either pure gas 
engines or dual fuel engines. A summary is provided in the next paragraphs.

8.3.2	 Pure gas engines
The engines are available for the marine market and have been applied to many of the existing gas fuelled 
ships both for diesel electric and mechanical propulsion arrangement. The majority of the gas engines on 
board the gas fuelled ships are medium speed engines.

Power range for available marine engines are from about 500 kW to almost 10,000 kW with up to almost 
500�kW/cylinder. 

Examples of major manufacturers with pure gas engines for the marine market are Rolls-Royce and Mitsubishi.
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8.3.3	 Dual fuel four-stroke engines
As the name implies, a dual fuel engine can either operate on gas fuel or on diesel fuel, or with some 
combination of diesel and gas. The switching or change between the fuels is considered to be seamless on the 
modern dual fuel engines and there should be no interruption in the operation of the engine.

Power range for available marine engines is from about 500 kW to almost 18,000 kW with up to 1000 kW/
cylinder.

Examples of major manufacturers with dual fuel four stroke engines for marine use are MAN, Wärtsila and 
Caterpillar MAK.

8.3.4	 Dual fuel two-stroke engines
Dual fuel two-stroke engines for the marine engine market could either be medium speed engine or low speed 
engine.

In the low speed market, there have not been any dual fuel engines installed on a ship; however, MAN have 
received Type Approvals for the ME-GI design which operates with high pressure gas supply and according 
to the diesel cycle with direct injection of the gas. MAN has received orders for the ME-GI engine for several 
new build projects.

The other main manufacturer of low speed engines, Wärtsila, recently announced that they had successfully 
completed a full scale test of its dual fuel engine, the RT-�ex50DF. The engine will operate with low pressure 
gas supply and according to the Otto cycle.

The US manufacturer, EMD (Electro Motive Diesel), are producing two stroke medium speed engines very 
popular in North America for the locomotive and marine workboat market. The company are developing dual 
fuel engines, including for the marine applications. One of the technologies that EMD is developing is called 
�dynamic gas blending� that allows the engine to operate within a wide range of diesel/gas blending ratio. This 
technology is low pressure and operating according to the Otto cycle.

8.4	 Safety of LNG
The properties of LNG are described in Appendix B, including the risks and safety issues involved in handling 
of natural gas and LNG. The main safety challenges of using LNG as a fuel are the following;

–� Fire and explosion risk
–� Flammable in range of 5% to 15% mixture in air
–� Natural gas is odour- and colourless

–� Low temperature of liquid gas / cold jets from compressed natural gas � LNG at -163°C
–� LNG in liquid state or cold gas can generate severe chill injuries
–� Normal ship steel will be very brittle and can fracture if exposed to LNG

–� Gas tank large energy content
–� Protection from ship side and bottom (collision and grounding) 
–� Protection from external �re and BLEVE (boiling liquid expanding vapour explosion)
–� Protection from mechanical impact

The basic principles in the safety philosophy and risk mitigation used in the design and operation of LNG 
facilities are illustrated in �gure 47, and these principles are also applied in rules and standards developed for 
the LNG fuelled ships.

Figure 47: LNG safety levels

The IMO Interim Guidelines and the upcoming IGF Code are focused on specifying the barriers needed in 
order to reduce the level of risk by specifying the requirement for the design of the LNG fuelled ships and the 
onboard system.

The development is based on the experience gained from the existing gas carriers and the �eet of LNG fuelled 
ships that have been built and are in operation. 

8.5	 Human Resources and competence

The competence, training and certi�cation of the personnel involved in the design, maintenance, operation 
and emergencies related to LNG as a marine fuel are also critical factors. The LNG carrier industry has been 
operated without any major incidents related to the design and operation of the LNG �eet and the LNG 
terminals. However, the vessel crews and shore side personnel involved in the operations were specialized 
with training and using relatively standardized procedures and equipment. With the current growth in LNG 
fuelled shipping, the challenge will be to maintain and ensure the appropriate competence for the personnel 
involved in LNG as a marine fuel. Understanding the risks and the proper safety barriers are needed for vessel/
equipment design personnel, certi�cation authorities, shipyards/manufacturer, bunker operators and vessel 
crew. A serious incident involving an LNG fuelled vessel in the early adoption phase could be detrimental to 
the risk perception of the public and the policy makers.

The development of guidelines and requirements for personnel certi�cation is underway, and there is demand 
for courses and training that address the speci�c needs and certi�cation of the personnel involved with LNG 
fuelled ships.

The ongoing work by IMO and ISO to develop competence and training standards and codes for the industry 
will take some time because of work processes, and other stakeholders will also need to focus on the 
competence development. Classi�cation societies are addressing this issue by development of personnel 
certi�cation standards, recommended practices and training courses.

The formation of the organization for gas fuelled vessels, Society for Gas as a Marine Fuel (SGMF), is also 
expected to be an enabler for competence development as one of the goals is to develop best practice for the 
use of LNG as marine fuel.

In USA, the USCG has issued the draft policy letters related to personnel involved with LNG fuelled ship 
operations and bunkering (USCG Draft PL No. 01-13).
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Figure 47: LNG safety levels

The IMO Interim Guidelines and the upcoming IGF Code are focused on specifying the barriers needed in 
order to reduce the level of risk by specifying the requirement for the design of the LNG fuelled ships and the 
onboard system.

The development is based on the experience gained from the existing gas carriers and the �eet of LNG fuelled 
ships that have been built and are in operation. 

8.5	 Human Resources and competence

The competence, training and certi�cation of the personnel involved in the design, maintenance, operation 
and emergencies related to LNG as a marine fuel are also critical factors. The LNG carrier industry has been 
operated without any major incidents related to the design and operation of the LNG �eet and the LNG 
terminals. However, the vessel crews and shore side personnel involved in the operations were specialized 
with training and using relatively standardized procedures and equipment. With the current growth in LNG 
fuelled shipping, the challenge will be to maintain and ensure the appropriate competence for the personnel 
involved in LNG as a marine fuel. Understanding the risks and the proper safety barriers are needed for vessel/
equipment design personnel, certi�cation authorities, shipyards/manufacturer, bunker operators and vessel 
crew. A serious incident involving an LNG fuelled vessel in the early adoption phase could be detrimental to 
the risk perception of the public and the policy makers.

The development of guidelines and requirements for personnel certi�cation is underway, and there is demand 
for courses and training that address the speci�c needs and certi�cation of the personnel involved with LNG 
fuelled ships.

The ongoing work by IMO and ISO to develop competence and training standards and codes for the industry 
will take some time because of work processes, and other stakeholders will also need to focus on the 
competence development. Classi�cation societies are addressing this issue by development of personnel 
certi�cation standards, recommended practices and training courses.

The formation of the organization for gas fuelled vessels, Society for Gas as a Marine Fuel (SGMF), is also 
expected to be an enabler for competence development as one of the goals is to develop best practice for the 
use of LNG as marine fuel.

In USA, the USCG has issued the draft policy letters related to personnel involved with LNG fuelled ship 
operations and bunkering (USCG Draft PL No. 01-13).
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In Canada, West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint Industry Project[4] will also 
provide speci�c recommendations and proposed course outlines for the training of all personnel involved in 
the LNG fuelled shipping, from the designers to the emergency responders.

It is important that the competence development, personnel certi�cation and training initiatives are being 
prioritized and supported as this will facilitate the growth in LNG fuelled shipping. 9

Conclusions

9.1	 Key trends
The environmental and economic bene�ts of using natural gas stored in the form of LNG as a fuel for 
shipping, as well as the multi-modal use, have created a lot of interest in the business community and among 
other stakeholders in USA and Canada. This includes federal and local governments, industry groups, and 
environmental organizations. The main driver is the IMO regulations, the anticipated abundance of the natural 
gas supply in North America, and the relative low cost of natural gas compared to oil-based fuels.

The North American ECA is an area of high shipping activity, both with respect to international and domestic 
vessel traf�c. It is expected that the shipping activity in most segments and region will have moderate growth 
in the near future, but the offshore vessel and tanker traf�c in the Gulf of Mexico is expected to a see a higher 
growth rate.

The Gulf of Mexico, Paci�c Northwest, Great Lakes and the Eastern Seaboard of USA and Canada are the 
regions where LNG fuelled shipping will develop initially and this is evident from the projects that have been 
announced. The development of an LNG infrastructure is underway in these regions to support the anticipated 
growth in the domestic and regional demand.

This will also enable international shipping operating in the North American ECA to take advantage of the 
growing infrastructure located in the major port and shipping hubs.

Early adopters in both USA and Canada have embraced the technology and bene�ts of using LNG as fuel for 
ships, and the number of con�rmed projects in the last couple of years is an indication that the foundation is 
laid for further growth.

It is also evident that in North America, the decision of using LNG as a fuel is mostly based on the �nancial 
attractiveness of the option. Therefore, many of the LNG fuelled vessels on order are ocean going cargo vessels, 
which is different than most of the existing LNG fuelled ships in Northern Europe, and the development in 
North America could be an enabler for more use of LNG as a fuel also for international shipping.

9.2	 Potential for LNG fuelled ships
In order to comply with the existing and future emission regulations and restrictions inside an ECA, the 
following options are available for vessels that are subject to the regulations in MARPOL Annex VI.

1.	 Use of low sulphur diesel fuel 

2.	 Use of alternative fuels

3.	 Use of abatement technologies, typically exhaust gas treatment system

This study has been tasked to evaluate the feasibility of LNG as the alternative fuel option; however, it is noted 
there are other alternative low �ash point fuels that are also considered by the industry.

Table 18 shows an overview of the alternative and a comparison of the main differentiating factors to be 
evaluated (Adopted from[3]).
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Conclusions

9.1	 Key trends
The environmental and economic bene�ts of using natural gas stored in the form of LNG as a fuel for 
shipping, as well as the multi-modal use, have created a lot of interest in the business community and among 
other stakeholders in USA and Canada. This includes federal and local governments, industry groups, and 
environmental organizations. The main driver is the IMO regulations, the anticipated abundance of the natural 
gas supply in North America, and the relative low cost of natural gas compared to oil-based fuels.

The North American ECA is an area of high shipping activity, both with respect to international and domestic 
vessel traf�c. It is expected that the shipping activity in most segments and region will have moderate growth 
in the near future, but the offshore vessel and tanker traf�c in the Gulf of Mexico is expected to a see a higher 
growth rate.

The Gulf of Mexico, Paci�c Northwest, Great Lakes and the Eastern Seaboard of USA and Canada are the 
regions where LNG fuelled shipping will develop initially and this is evident from the projects that have been 
announced. The development of an LNG infrastructure is underway in these regions to support the anticipated 
growth in the domestic and regional demand.

This will also enable international shipping operating in the North American ECA to take advantage of the 
growing infrastructure located in the major port and shipping hubs.

Early adopters in both USA and Canada have embraced the technology and bene�ts of using LNG as fuel for 
ships, and the number of con�rmed projects in the last couple of years is an indication that the foundation is 
laid for further growth.

It is also evident that in North America, the decision of using LNG as a fuel is mostly based on the �nancial 
attractiveness of the option. Therefore, many of the LNG fuelled vessels on order are ocean going cargo vessels, 
which is different than most of the existing LNG fuelled ships in Northern Europe, and the development in 
North America could be an enabler for more use of LNG as a fuel also for international shipping.

9.2	 Potential for LNG fuelled ships
In order to comply with the existing and future emission regulations and restrictions inside an ECA, the 
following options are available for vessels that are subject to the regulations in MARPOL Annex VI.

1.	 Use of low sulphur diesel fuel 

2.	 Use of alternative fuels

3.	 Use of abatement technologies, typically exhaust gas treatment system

This study has been tasked to evaluate the feasibility of LNG as the alternative fuel option; however, it is noted 
there are other alternative low �ash point fuels that are also considered by the industry.

Table 18 shows an overview of the alternative and a comparison of the main differentiating factors to be 
evaluated (Adopted from[3]).
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Table 18 � Comparing the alternatives: LNG, MGO and HFO

Environmental features compared to the 
traditional HFO alternative

Factors in�uencing viability compared to the 
traditional HFO alternative

Alternative SOx NOx PM CO2 Cargo capacity Capital 
Investments Operating costs

LNG ++ ++ ++ + Restricted Very high Low

MGO + - - - Not restricted Low Very high

HFO/Scrubber + -- + - Slightly restricted High Mediuma)

++ very good, + good, � bad, -- very bad

The preferred solution from an environmental compliance perspective is the use of LNG as a fuel; however, 
the compliance strategy chosen for a vessel will depend on a number of factors, with the most important 
being the �nancial comparison of the options.

The major parameters that will in�uence the �nancial analysis are:

–� Cost of installation and equipment 

–� Time spent inside the ECA

–� Cost of LNG compared to diesel fuels (residual and distillate)

The future environmental regulations will also in�uence the decisions; a postponement of the global limits of 
sulphur content in marine fuel would likely reduce the growth of LNG fuelled ships engaged in international 
trade.

The worldwide future availability of LNG and the supply of proper diesel fuel qualities, both distillate and 
residual, are also factors that need to be evaluated when the compliance strategy is being decided.

The ship segments in North America that are expected to be the �rst adopters of LNG as a fuel are vessel 
operating inside the ECA and vessel engaged in short sea shipping, e.g. ferries, OSVs, container/ro-ro and 
tankers. The current project list of LNG fuelled ships in North America con�rms the potential of these vessels 
being the �rst to use LNG as a fuel.

9.3	 LNG infrastructure development
The existing natural gas pipeline network and infrastructure in North America is an important factor in the 
development of the LNG supply chain and infrastructure. The extensive pipeline network, especially in the 
southern and eastern part of the US, enables the transportation of natural gas to the optimal areas and 
locations. There are several plans for build-up of the LNG infrastructure already in place both in USA and 
Canada and this development is expected to continue. Several of the projects are focused on delivery of LNG 
as fuel to shipping, in addition to supplying LNG for multi-modal transportation use.

Several LNG pathways and bunkering methods are being evaluated and the choice will depend on the vessel 
types, as well as on the regulations and guidelines being developed to ensure safe practices. Even as the price 
of pipeline natural gas is low, the price of LNG delivered to ships tanks (FOB) depends on the liquefaction 
cost and the bunkering cost margin. The expected LNG price (FOB) in North America is subject to uncertainty 
before the market has been developed and there is both a supply and a demand.

Even with the future potential for LNG export from USA, it is not considered that this will have a great impact 
on the domestic natural gas price. However, the LNG export market will be coupled to the worldwide LNG 
demand and this will in�uence the business decision for the operators of the large-scale LNG export facilities. 

Another factor that will drive the cost of LNG available as a ship fuel is how the market will develop. One 
scenario is that the market will be dominated by one or only a very few suppliers. The pricing of LNG as a 
marine fuel might then be closer coupled to the marine diesel fuel pricing. Another scenario is that the market 
becomes more competitive, including the multi-modal use of LNG, and the market forces will create a more 
competitive environment.

9.4	 Regulatory regime
An appropriate regulatory framework will be one of the key enablers for the use of LNG as a ship fuel as safety 
is a crucial issue for all stakeholders.

The international regulations applicable to LNG as a fuel for shipping are developed by IMO, standard 
organizations (ISO, IEC, EN, etc.), classi�cation societies and industry groups. IMO is in process of development 
of the IGF Code, International Code of Safety for Ships using Gases or other low Flashpoint Fuels. This code will 
be referenced within SOLAS and have requirements for the construction and operation of gas fuelled ships. 
The timeline for adoption and rati�cation of the IGF Code is still uncertain, and in the meantime �ag States 
will need to use the IMO Interim Guidelines, MSC.285(86), and the classi�cation societies rules for guidance.

ISO is developing a standard related to the bunkering systems and equipment for supplying LNG as fuel 
to ships. A draft version of this document was published as ISO/DTS 18683: Guidelines for Systems and 
Installations for Supply of LNG as Fuel to Ships, on 29 June 2013.

Most IACS members have issued rules and guidelines related to the design and safety requirements for the gas 
fuelled ship and onboard systems. In addition to the ship rules, class societies are developing guidelines and 
standards related to the bunkering operation and personnel certi�cation. 

The national regulatory framework within USA and Canada must also be in place to ensure the safe and secure 
use of LNG as a ship fuel as well as to support the adoption of the expected increase in demand. Both in the 
US and Canada, the regulations pertaining to the LNG facilities and infrastructure is governed by different 
federal (national) jurisdictions and agencies, as well as local regulatory entities.

In USA, the USCG has the responsibility for the US �ag and port state regulations for the design, construction 
and operation of LNG fuelled ship. The USCG has issued a policy letter to accept the design of gas fuelled 
ships based on IMO MSC.285(86). There are two policy letters related to bunkering operations and bunkering 
facilities to be released after an internal process. In addition to the USCG, there are several other federal 
agencies that have regulations and responsibilities that could apply to LNG fuelled shipping operations and 
bunkering facilities. There are also State and local agencies that might have oversight and regulations, including 
each State�s Department of Environmental Protection and local Fire Department (Fire Marshal).

In Canada, Transport Canada is the federal agency that regulates shipping in Canada, including the �ag 
regulations for Canadian �agged vessel. The Canadian regulations currently do not permit the use of LNG 
as ship�s fuel and the IMO Interim Guidelines are not incorporated by reference in any Canadian regulation. 
However, there is work in progress in order to develop a regulatory framework to accepting the use of LNG 
as fuel for Canadian vessels. There is currently a process in place (MTRB � Marine Technical Review Board) 
which would allow for LNG vessels to visit Canadian ports.

The West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint Industry Project[4] identi�ed 
existing Canadian regulations applicable to LNG fuelled ships and will provide recommendations for the 
policy development of a Canadian regulatory framework with respect to design and construction of LNG 
ships, operation of LNG fuelled ships in Canadian waterways and ports, bunkering of LNG fuelled ships, and 
measures to prevent security incidents. It is generally proposed that the framework be based on reference to 
the international codes and guidelines that are in place or in development, and also use the existing Canadian 
processes and regulations, e.g. TERMPOL and MTRB.

9.5	 Environmental bene�ts
The environmental bene�ts of using LNG as fuel are signi�cant. Compared to the use of diesel fuel, use of 
LNG will reduce the NOx emission by approximately 90% on a lean burn gas fuelled engine, and the SOx and 
particle matters emissions are negligible without the need on any abatement technologies. The CO2 emissions 
are about 20% lower compared to diesel fuel because of the lower carbon content. However, the overall 
effect on GHG (Green House Gas) emissions needs further study.

9.6	 Technology readiness
The design of LNG fuelled ships, as well as the onboard systems and technologies required to use LNG as a 
marine fuel, can be considered proven and mature, though development is continuing at a rapid pace in such 
areas as engine technology and onboard storage systems. As of 15 November 2013, there were 44 vessels 
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9.4	 Regulatory regime
An appropriate regulatory framework will be one of the key enablers for the use of LNG as a ship fuel as safety 
is a crucial issue for all stakeholders.

The international regulations applicable to LNG as a fuel for shipping are developed by IMO, standard 
organizations (ISO, IEC, EN, etc.), classi�cation societies and industry groups. IMO is in process of development 
of the IGF Code, International Code of Safety for Ships using Gases or other low Flashpoint Fuels. This code will 
be referenced within SOLAS and have requirements for the construction and operation of gas fuelled ships. 
The timeline for adoption and rati�cation of the IGF Code is still uncertain, and in the meantime �ag States 
will need to use the IMO Interim Guidelines, MSC.285(86), and the classi�cation societies rules for guidance.

ISO is developing a standard related to the bunkering systems and equipment for supplying LNG as fuel 
to ships. A draft version of this document was published as ISO/DTS 18683: Guidelines for Systems and 
Installations for Supply of LNG as Fuel to Ships, on 29 June 2013.

Most IACS members have issued rules and guidelines related to the design and safety requirements for the gas 
fuelled ship and onboard systems. In addition to the ship rules, class societies are developing guidelines and 
standards related to the bunkering operation and personnel certi�cation. 

The national regulatory framework within USA and Canada must also be in place to ensure the safe and secure 
use of LNG as a ship fuel as well as to support the adoption of the expected increase in demand. Both in the 
US and Canada, the regulations pertaining to the LNG facilities and infrastructure is governed by different 
federal (national) jurisdictions and agencies, as well as local regulatory entities.

In USA, the USCG has the responsibility for the US �ag and port state regulations for the design, construction 
and operation of LNG fuelled ship. The USCG has issued a policy letter to accept the design of gas fuelled 
ships based on IMO MSC.285(86). There are two policy letters related to bunkering operations and bunkering 
facilities to be released after an internal process. In addition to the USCG, there are several other federal 
agencies that have regulations and responsibilities that could apply to LNG fuelled shipping operations and 
bunkering facilities. There are also State and local agencies that might have oversight and regulations, including 
each State�s Department of Environmental Protection and local Fire Department (Fire Marshal).

In Canada, Transport Canada is the federal agency that regulates shipping in Canada, including the �ag 
regulations for Canadian �agged vessel. The Canadian regulations currently do not permit the use of LNG 
as ship�s fuel and the IMO Interim Guidelines are not incorporated by reference in any Canadian regulation. 
However, there is work in progress in order to develop a regulatory framework to accepting the use of LNG 
as fuel for Canadian vessels. There is currently a process in place (MTRB � Marine Technical Review Board) 
which would allow for LNG vessels to visit Canadian ports.

The West Coast Marine Lique�ed Natural Gas (LNG) Supply Chain Joint Industry Project[4] identi�ed 
existing Canadian regulations applicable to LNG fuelled ships and will provide recommendations for the 
policy development of a Canadian regulatory framework with respect to design and construction of LNG 
ships, operation of LNG fuelled ships in Canadian waterways and ports, bunkering of LNG fuelled ships, and 
measures to prevent security incidents. It is generally proposed that the framework be based on reference to 
the international codes and guidelines that are in place or in development, and also use the existing Canadian 
processes and regulations, e.g. TERMPOL and MTRB.

9.5	 Environmental bene�ts
The environmental bene�ts of using LNG as fuel are signi�cant. Compared to the use of diesel fuel, use of 
LNG will reduce the NOx emission by approximately 90% on a lean burn gas fuelled engine, and the SOx and 
particle matters emissions are negligible without the need on any abatement technologies. The CO2 emissions 
are about 20% lower compared to diesel fuel because of the lower carbon content. However, the overall 
effect on GHG (Green House Gas) emissions needs further study.

9.6	 Technology readiness
The design of LNG fuelled ships, as well as the onboard systems and technologies required to use LNG as a 
marine fuel, can be considered proven and mature, though development is continuing at a rapid pace in such 
areas as engine technology and onboard storage systems. As of 15 November 2013, there were 44 vessels 
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operating using LNG as a fuel and a further 44 vessels on order. Engines are available in both dual fuel and 
pure gas types to cover the majority of ship propulsion needs.

In regards to existing LNG fuelled ships in operation, only Type C independent tanks have been used, but 
approvals in principle have been given by classi�cation societies for both Type A and Type B independent 
tanks. Additionally, the IGF Code also opens for accepting use of portable tanks, i.e. tank containers. Handling 
of boil off gas and vapour recovery during bunkering and venting are also subject issues that can be solved 
technically.

The issue of tank location is subject to discussions in order to minimize the risk for leaks during collisions, 
groundings or mechanical damage. This is an important issue as the size of the LNG vessels and storage tanks 
is increasing, together with more vessel operations in areas with higher traf�c density and different ports.

9.7	 Safety and human factors
One of the key elements is that there is understanding by all the stakeholders of the safety and risk of the 
storage, transportation and use of LNG. If incidents or a serious accident would occur at an early stage of 
the introduction of LNG as ship fuel, this could constitute a serious barrier for further development and 
expansion of the use of LNG as ship fuel. Therefore it is of utmost importance that stringent safety standards 
and regulations are developed and implemented for LNG bunkering and for the operation of LNG fuelled 
vessels.

There is ongoing work and initiatives internationally, as well as in USA and Canada, to develop competence 
and training standards for vessel/equipment design personnel, certi�cation authorities, shipyards/manufacturer, 
bunker operators and vessel crew. Classi�cation societies are addressing this issue by development of personnel 
certi�cation standards, recommended practices and training courses.

It is important that the competence development, personnel certi�cation and training initiatives are being 
prioritized and supported as this will facilitate the growth in LNG fuelled shipping.

Excellent safety records from many years of large-scale LNG carrier operations demonstrate that it is possible 
to control LNG hazards ef�ciently by adequate design, stringent regulations and competent personnel.
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List of abbreviations  
and acronyms
ADR			I   nternational Carriage of Dangerous Goods by Road (European Agreement)
BOG			   Boil Off Gas, evaporated LNG formed above the tank level surface in LNG tanks
CAPEX			   Capital Expenditures
CARICOM	 Caribbean Community and Common Market
CFR			T   he Code of Federal Regulations (U.S.)
CNG			   Compressed Natural Gas
CH4			M   ethane
CO2			   Carbon Dioxide
CTS			   Container to Ship (LNG bunkering mode)
DMA			   Danish Maritime Authority
DNV			   Det Norke Veritas
dwt			   Dead Weight Tonnage (tot weight of a ship�s cargo, fuel, etc.)
ECA			E   mission Control Area
EIA			E   nvironmental Impact Assessment
EMSA			E   uropean Maritime Safety Agency
ESD			E   mergency Shut Down system
ESD2			ER   S linked to the ESD system
EU			E   uropean Union
EUR			E   uro currency
Ex-zone			  Flammable gas atmosphere with special requirements for electrical equipment
FMEA			   Failure Mode and Effect Analysis
FO			   Fuel oil, all types of oil based marine fuels used today such as MDO, MGO, HFO
FOB			�   Free On Board, fuel price condition de�ned by the Incoterms 2010, International Chamber of 

Commerce
GHG			�G   reen House Gas, emissions of GHG gaseous substances in�uences the greenhouse effect and 

contributes to global warming and the climate change
GL			G   ermanischer Lloyd
GT			G   ross Tonnage (an index of ship�s overall internal volume)
HAZID			  Hazard Identi�cation
HFO			   Heavy Fuel Oil
IGC			�I   nternational Code for the Construction and Equipment of Ships Carrying Lique�ed Gases in 

Bulk (IGC Code)
IGF			�I   nternational Code of Safety for Ships using Gases or other Low Flashpoint Fuels (IGF Code)
IMDG			I   nternational Maritime Dangerous Goods Code
IMO			I   nternational Maritime Organization
ISO			I   nternational organization for standardization
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ITPS			I   ntermediate tank via pipeline to ship
LNG			L   ique�ed Natural Gas
MARPOL		I  nternational Convention for the Prevention of Pollution from Ships
MDO			M   arine Diesel Oil
MGO			M   arine Gas Oil
mmcfd			   million cubic feet
mmpta			   million tonnes per annum 
NFPA			T   he National Fire Protection Association (U.S.)
NCV			N   et calori�c value
NG			�N   atural Gas, a fossil fuel consisting primarily of methane, but commonly also includes some 

higher hydrocarbons, carbon dioxide and nitrogen
NGC			T   he National Gas Company of Trinidad and Tobago
NOx			N   itrogen Oxides
OPEX			O   perating Expenditures
PM			   Particulate Matter
SCR			   Selective Catalytic Reduction (NOx reduction for exhaust emissions)
SECA			   Sulphur Emission Control Area
SGMF			   Society For Gas as a Marine Fuel
SO2			   Sulphur Dioxide
SOLAS			T   he International Convention for the Safety of Life at Sea
SOx			   Sulphur Oxides
STCW			I   nternational Convention on Standards of Training, Certi�cation and Watchkeeping for Seafarers
STS			   Ship to ship bunkering (LNG bunkering mode)
ToR			T   erms of Reference
TTD			T   rinidad and Tobago Dollar currency
TTIT			T   he Trinidad and Tobago Inter-Island Transportation Company Ltd
TTS			T   ruck to ship bunkering (LNG bunkering mode)
UN			   United Nations
UNECE			  United Nations Economic Commission for Europe
USD			   US Dollar currency
WCR			   Wider Caribbean Region
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Conversion factors
The following conversion factors and units have been used in the calculations presented in the report.

Conversion factors Unit Unit
Density of LNG 0.43 tonne/m3

NCV of LNG (Net calori�c value) 13.7 MWh/tonne
NCV of LNG (Net calori�c value) 46.746 MMbtu/tonne
Density of MDO 0.89 tonne/m3

NCV of MDO 11.6 MWh/tonne
1 MMBtu (million British thermal unit) 0.293 MWh
1 GJ (Giga Joule) 277.78 kWh
1 MMBtu (million British thermal unit) 1.0546 GJ
1 m3 35.315 cft
1 cft (cubic feet) 0.028317 m3

1 m3 264.17 gallon
1 gallon 0.003785 m3

1 m3 6.2898 oil barrel
1 oil barrel 0.15899 1 m3

EUR/USD 1.3
TTD/USD 0.156
ROI, rate of interest 8%
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Summary
This pilot study on the use of LNG as fuel for high speed passenger ferries between the sister islands Trinidad 
and Tobago provides decision support and background information to the operators of the ferry services for 
detailed business case analyses. The study may also serve as guidance for other early adopters of LNG as a 
ship fuel. 

SSPA has compiled information from site visits, meetings and analyses and the report includes six main 
chapters addressing the background, route speci�c conditions, LNG supply chain, regulations, safety issues, 
cost estimations, and recommendations.

The present �eet of high speed ferries comprises two diesel powered aluminium wavepiercing catamarans 
that service the route with two to three round trips per day. Short travel time, low fare and regularity are 
appreciated by the travellers. The service is considered a national interest, and is subject to governmental 
�nancial support.

The following three optional LNG supply chains have been analysed and compared in terms of their capacity, 
cost and safety:

–� LNG road truck from an existing LNG plant to the bunkering of the ferry at berth

–� Local, small-scale liquefaction plant and supply by truck or pipeline to the ship

–� LNG bunker barge from an LNG export terminal to bunkering of the ferry at berth

Transportation from the source and bunkering by road truck offers the lowest supply cost, but is limited with 
respect to capacity. Concerns were also identi�ed with respect to the present road standard and risks for 
delays and traf�c accidents. Local, small-scale liquefaction plants may also offer competitive options and by 
establishment in Tobago, advantages may be gained by more spacious terminal areas compared with the Port 
of Spain terminal. The LNG bunker barge option is favourable from a safety perspective, but requires large 
investments in loading facilities and is therefore only competitive if additional LNG customers are projected 
to be serviced in Port of Spain.

No regulative showstoppers have been identi�ed for the reconstruction or newbuilding of LNG fuelled, high 
speed ferries, but the process requires close cooperation between the ship designers, �ag State authority, 
classi�cation society, and the operator. The cost for reconstructing the existing high speed craft is high, and 
includes the replacement of existing diesel engines with less bulky gas turbines and the installation of vacuum 
insulated LNG fuel tanks on the car deck.

The prospects for �nding solutions that combine high environmental performance and reduction of overall 
operational costs via reduced governmental fuel oil subsidy expenditures are good, but the initial costs are 
high, and the investment strategies should include long term potentials for expanding the LNG fuel market.

For other stakeholders and member states that are conducting similar pilot studies on ship conversion or 
replacement, it is recommended to include careful LNG supply chain assessment, and the importance of early 
cooperation with projected LNG suppliers and a continuous dialogue with regulative authorities is stressed in 
order to minimize project risks and to ensure successful operation with LNG as ship fuel.
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1
Introduction
1.1	 Background
The International Maritime Organization (IMO) has a special responsibility for the regulation of international 
shipping, safety at sea, and the prevention of marine pollution. There are four designated Emission Control 
Areas (ECAs) in effect globally including the US Caribbean Sea ECA which entered into force in January 
2013. The ECA designation has proven effective for the reduction of harmful emissions from ships and the 
improvement of air quality. More ECA designations are therefore being discussed, and the entire Wider 
Caribbean Region (WCR) might be covered by ECA requirements in the future. One ECA compliance strategy 
is based on a shift from conventional oil fuel to LNG for propulsion of the ships. This strategy is considered 
speci�cally attractive in the WCR due to LNG�s availability in this region and the favourable price situation of 
LNG in this region compared to other global natural gas markets. In the WCR a shift from conventional oil fuel 
to LNG may be economically motivated even without any SECA requirements and the environmental bene�ts 
is then to be seen as an extra bonus.

In 2012, the IMO �nanced a feasibility study on LNG fuelled short sea and coastal shipping in the WCR 
(SSPA, 2012). The feasibility study was conducted by SSPA Sweden and White Smoke and concluded that 
the prospects for introduction of LNG as ship fuel in the region were favourable. The report was presented 
at a workshop arranged by RAC-REMPEITC-Caribe in Trinidad and Tobago and the workshop meeting 
recommended that a regional pilot programme for the testing and implementation of LNG as a ship fuel in the 
WCR should be initiated and supported. The Port Authority of Trinidad and Tobago (PATT) was identi�ed as a 
potential candidate for running such a pilot programme in cooperation with the Maritime Services Division of 
Trinidad and Tobago and the regional IMO of�ce. Trinidad and Tobago�s request for funding of the project was 
supported from the IMO�s Integrated Technical Cooperation Fund and in 2013 SSPA Sweden AB was assigned 
the tender from IMO for the pilot study.

This report presents the result of the pilot study conducted by the consultant SSPA Sweden with its sub-consultants 
White Smoke and LDG during the fall of 2013. Statements and recommendations are formulated by the 
consultants and do not necessarily re�ect the opinion of the local recipient or the �nancing parties.

1.2	 Objectives of the pilot study
The objective of the study is to identify, outline and recommend a way forward for the accomplishment of 
a pilot implementation of an LNG fuelled, high speed passenger ship operating from the Port of Spain ferry 
terminal. The report provides background data for a detailed business case to be elaborated by the Port 
Authority PATT and TTIT and to facilitate further preparation of detailed speci�cations and processes for 
realization of the pilot project.

An increased use of LNG instead of traditional bunker oil as fuel for ships will reduce the harmful emissions of 
sulphur oxide, nitrogen oxide, and particles, and thereby to improvement of air quality and health in coastal 
societies that are exposed to ship emissions. The dissemination of this report might also provide guidance and 
encouragement for potential followers to consider and initiate further projects on LNG fuelled ship services 
in the WCR.

1.3	 Scope and methodology
The scope of this pilot study on the use of LNG as ship fuel for high speed ferries operating from the Port of 
Spain ferry terminal includes six main components that are listed and structured in the report chapter numbers 
below. Two on-site visits for meetings and collection of information were conducted by the consultants in 
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LNG in this region compared to other global natural gas markets. In the WCR a shift from conventional oil fuel 
to LNG may be economically motivated even without any SECA requirements and the environmental bene�ts 
is then to be seen as an extra bonus.

In 2012, the IMO �nanced a feasibility study on LNG fuelled short sea and coastal shipping in the WCR 
(SSPA, 2012). The feasibility study was conducted by SSPA Sweden and White Smoke and concluded that 
the prospects for introduction of LNG as ship fuel in the region were favourable. The report was presented 
at a workshop arranged by RAC-REMPEITC-Caribe in Trinidad and Tobago and the workshop meeting 
recommended that a regional pilot programme for the testing and implementation of LNG as a ship fuel in the 
WCR should be initiated and supported. The Port Authority of Trinidad and Tobago (PATT) was identi�ed as a 
potential candidate for running such a pilot programme in cooperation with the Maritime Services Division of 
Trinidad and Tobago and the regional IMO of�ce. Trinidad and Tobago�s request for funding of the project was 
supported from the IMO�s Integrated Technical Cooperation Fund and in 2013 SSPA Sweden AB was assigned 
the tender from IMO for the pilot study.

This report presents the result of the pilot study conducted by the consultant SSPA Sweden with its sub-consultants 
White Smoke and LDG during the fall of 2013. Statements and recommendations are formulated by the 
consultants and do not necessarily re�ect the opinion of the local recipient or the �nancing parties.

1.2	 Objectives of the pilot study
The objective of the study is to identify, outline and recommend a way forward for the accomplishment of 
a pilot implementation of an LNG fuelled, high speed passenger ship operating from the Port of Spain ferry 
terminal. The report provides background data for a detailed business case to be elaborated by the Port 
Authority PATT and TTIT and to facilitate further preparation of detailed speci�cations and processes for 
realization of the pilot project.

An increased use of LNG instead of traditional bunker oil as fuel for ships will reduce the harmful emissions of 
sulphur oxide, nitrogen oxide, and particles, and thereby to improvement of air quality and health in coastal 
societies that are exposed to ship emissions. The dissemination of this report might also provide guidance and 
encouragement for potential followers to consider and initiate further projects on LNG fuelled ship services 
in the WCR.

1.3	 Scope and methodology
The scope of this pilot study on the use of LNG as ship fuel for high speed ferries operating from the Port of 
Spain ferry terminal includes six main components that are listed and structured in the report chapter numbers 
below. Two on-site visits for meetings and collection of information were conducted by the consultants in 
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September and November 2013, and analyses have been performed in Sweden by SSPA, White Smoke, 
and�LDG.

Table 1 � Report structure and components of the pilot study according to the assignment

Component of ToR/Report chapter number Description

Component 1/Chapter 2 
Current traf�c and future requirements

Identify, with the involvement of the Port Authority of Trinidad and Tobago, 
the requirements for an LNG fuelled fast passenger ship operation from the 
Port of Spain Ferry Terminal including the current and forecasted passenger 
numbers and current and prospective routes.

Component 2/Chapter 3 
LNG supply chain and bunkering 
infrastructure

Identify and appraise the terminal infrastructure facilities required to support 
a fast passenger ship operation at the Port of Spain Ferry Terminal fuelled by 
LNG and including the supply of LNG to the port and bunkering of the ship.

Component 3/Chapter 4 
Regulatory design requirements

Identify the design requirements for the proposed fast passenger ship under 
the international regulatory regime pertaining to the carriage and storage of 
LNG as a fuel for ships with a speci�c reference to its use and storage on a 
fast passenger ship operating to and from the Port of Spain Ferry Terminal.

Component 4/Chapter 5 
Safety issues and risk assessment

Identify and appraise the potential risks for passengers, ship crew and 
terminal of using LNG as a fuel for a fast shipping operating to and from the 
Port of Spain Ferry Terminal.

Component 5/Chapter 6 
Cost estimations for newbuildings, retro�t 
and LNG infrastructure

Identify costs, that can be used by the Port Authority of Trinidad and Tobago 
as part of a business case, including for ship construction and delivery, costs 
for provision of an LNG ship bunkering facility, crew training costs, costs for 
maintenance etc. This should include an appraisal of retro�tting ships to use 
LNG as a fuel for existing ships operating from the Port Authority of Trinidad 
and Tobago.

Component 6/Chapter 7 
Reporting of results and recommendations

Submit a draft report four months after the start date of the project on or 
before 22 November 2013.

2
Current traf�c and future 
requirements

2.1	 Ports and marine infrastructure in Trinidad and Tobago
The main port for passenger ferry traf�c is located in the capital, Port of Spain. The port is administrated by 
the Port Authority of Trinidad and Tobago (PATT), and accommodates the following two ferry terminals and 
ferry services:

–� The Port of Spain ferry terminal � TTIT, Inter-island ferry services

–� The Water taxi terminal � Water taxi services

PATT is organized under the Ministry of Transport, and along with Port of Spain, PATT is responsible for 
administering nine more ports and some small harbours in Trinidad and Tobago according to the table below. 

Table 2 � Ports in Trinidad and Tobago under administration of Port Authority of Trinidad and Tobago

Location/name of port Type of port UN port code1

Port of Spain Seaport TT POS

Point-à-Pierre Harbour Seaport TT PTP

Port of Scarborough Harbour TT SCA

Port of Chaguaramas Harbour TT CHA

Port of Tembladora Pier, Jetty or Wharf TT TEM

Port of Brighton (La Brea) Pier, Jetty or Wharf TT LAB

Port of Cronstadt Island Pier, Jetty or Wharf

Crown point Harbour Harbour

Galeota Point Harbour Harbour TT PTG

Port of Point Fortin Pier, Jetty or Wharf TT PTF

1	Code for Trade and Transport Locations (UN/LOCODE), ref (UNEC).

In addition to the PATT ports, there are also a number of important industrial ports in Trinidad and Tobago. 
The following three ports are interesting with respect to this study.

Point Lisas is the second largest port after Port of Spain and its administration is organized under the Ministry 
of Trade and Industry by the Point Lisas Industrial Port Development Corporation Ltd (PLIPDECO).

Pointe-à-Pierre is the main oil terminal used for transportation to and from the state-owned company, 
Petroleum Company of Trinidad and Tobago Ltd (PETROTRIN).

The Point Fortin LNG terminal is part of the Atlantic LNG Company of Trinidad and Tobago. The main 
owners of Atlantic are international energy majors but the government of Trinidad and Tobago holds, via its 
National Gas Company (NGC) and its subsidiary Trinidad and Tobago LNG Ltd, 11.11% equity in Atlantic 
LNG train No.�4. There is at present no port facility for small-scale export or for loading small LNG carriers 
or bunker�vessels.
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106  Trinidad and Tobago

Table 3 � Important industrial ports in Trinidad and Tobago

Location/name of port Type of port UN port code

Port of Point Lisas PLIPDECO TT PTS

Pointe-à-Pierre oil terminal PETROTRIN TT PTP

Point Fortin LNG terminal Atlantic LNG Company of Trinidad and 
Tobago

TT PTF

�

Figure 1: Map of Trinidad and Tobago (CIA, 1969) with TTIT�s ferry services Port of Spain �  
Scarborough (red) and NIDCO�s water taxi

2.2	 Trinidad and Tobago inter-island ferry services, TTIT
The inter-island ferry services, operated by Trinidad and Tobago Inter-Island Transportation Company Ltd 
(TTIT), include passenger and car ferry services between the two sister islands. The TTIT �eet is operating from 
the Port of Spain ferry terminal to Scarborough in Tobago with two high speed vessels and one conventional 
ro-ro vessel.

There has been regular passenger traf�c on the Trinidad�Tobago route from 1901. In the 1960s, ro-ro ferries 
were introduced. A �rst trial with high speed services was done in 1994, but it was not until 2005 that regular 
high speed ferry services took over the main part of the passenger traf�c. Since 2007, the government of 
Trinidad and Tobago has owned, through PATT and TTIT, the two high speed ferries T&T EXPRESS and T&T 
SPIRIT, which are now in service on the route.

2.2.1	 Present �eet of vessels

The Trinidad and Tobago Inter-Island Transportation Company Ltd is operating two high speed catamarans 
and one conventional ro-ro vessel:

–� The T&T SPIRIT (Incat No. 060, 765 passengers/200 cars),

–� The T&T EXPRESS (Incat No. 046, 840 passengers/200 cars), and

–� A conventional ro-ro vessel (WARRIOR SPIRIT, 3314 dwt, built 1980).

The ro-ro vessel WARRIOR SPIRIT is complementing the high speed passenger services. Basic data of the 
high speed ferries are given in the sections below. Some data are also presented for the ro-ro vessel even 
though they are not of direct interest with regard to this LNG pilot study.

T&T SPIRIT

The High Speed Craft (HSC) named T&T SPIRIT was commissioned in July 2007. The vessel was originally 
designed for and operated by the US Army Tank-Automotive Command and was then reconstructed to service 
regular inter-island passenger traf�c. Originally constructed in 2002 and just as the T&T EXPRESS, it is an 
aluminium wavepiercer catamaran by Incat with No. 060 and has main particulars according to the table 
below.

Table 4 � Main particulars of the HSC T&T SPIRIT

T&T SPIRIT Particulars Comments

Year of build 2002 InCat Australia Pty Ltd, Moonah, Australia

Ship yard�s Id No. 060

Length (overall), LOA 97.2 m (319 feet)

Beam (overall), B 26.0 m (85 feet)

Draft (loaded), T 3.43 m (11.2 feet)

Displacement (light/loaded) 1056/1800 m3

Gross tonnage GT 6558

Service speed 40 knots

Total power 4 × 7080 kW 4 × Ruston 20RK270 Diesel engines

Gearbox reduction ratio 1:1.824 4 × RENK ASL 60

Waterjets 2 × 2 two in each hull 4 × LIPS, Type LJ145D

Auxiliary machinery, genset 4 × 265 kW 4 × Cummins N14

Capacity (crew + passengers) 900 persons

Vehicle capacity Approximately 200 380 lanemetres

Fuel capacity 190 m3 (normal bunker) 2 × 210 m3 (long range fuel tankage)

Classi�cation society DNV

Figure 2: T&T SPIRIT leaving Port of Spain for Tobago, November 2012
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2.2.1	 Present �eet of vessels

The Trinidad and Tobago Inter-Island Transportation Company Ltd is operating two high speed catamarans 
and one conventional ro-ro vessel:

–� The T&T SPIRIT (Incat No. 060, 765 passengers/200 cars),

–� The T&T EXPRESS (Incat No. 046, 840 passengers/200 cars), and

–� A conventional ro-ro vessel (WARRIOR SPIRIT, 3314 dwt, built 1980).

The ro-ro vessel WARRIOR SPIRIT is complementing the high speed passenger services. Basic data of the 
high speed ferries are given in the sections below. Some data are also presented for the ro-ro vessel even 
though they are not of direct interest with regard to this LNG pilot study.

T&T SPIRIT

The High Speed Craft (HSC) named T&T SPIRIT was commissioned in July 2007. The vessel was originally 
designed for and operated by the US Army Tank-Automotive Command and was then reconstructed to service 
regular inter-island passenger traf�c. Originally constructed in 2002 and just as the T&T EXPRESS, it is an 
aluminium wavepiercer catamaran by Incat with No. 060 and has main particulars according to the table 
below.

Table 4 � Main particulars of the HSC T&T SPIRIT

T&T SPIRIT Particulars Comments

Year of build 2002 InCat Australia Pty Ltd, Moonah, Australia

Ship yard�s Id No. 060

Length (overall), LOA 97.2 m (319 feet)

Beam (overall), B 26.0 m (85 feet)

Draft (loaded), T 3.43 m (11.2 feet)

Displacement (light/loaded) 1056/1800 m3

Gross tonnage GT 6558

Service speed 40 knots

Total power 4 × 7080 kW 4 × Ruston 20RK270 Diesel engines

Gearbox reduction ratio 1:1.824 4 × RENK ASL 60

Waterjets 2 × 2 two in each hull 4 × LIPS, Type LJ145D

Auxiliary machinery, genset 4 × 265 kW 4 × Cummins N14

Capacity (crew + passengers) 900 persons

Vehicle capacity Approximately 200 380 lanemetres

Fuel capacity 190 m3 (normal bunker) 2 × 210 m3 (long range fuel tankage)

Classi�cation society DNV

Figure 2: T&T SPIRIT leaving Port of Spain for Tobago, November 2012
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Figure 3: T&T SPIRIT, general arrangement outboard side and passenger deck top view

Figure 4: T&T SPIRIT berthing with stern at car ramp and passenger ramp  
in Port of Spain ferry terminal

T&T EXPRESS 
The T&T EXPRESS was purchased to TTIT and put into service in December 2006. Before entering into service, 
it was refurbished after 10 years of operations in Australia, Nova Scotia, and the Bahamas. The government 
of Trinidad and Tobago owns the ship via PATT and the operator TTIT but the operational management and 
manning for T&T EXPRESS and T&T SPIRIT is performed by the Canadian company Bay Ferries on behalf of 
the owner. The vessel is an aluminium wavepiercer catamaran constructed by Incat with No. 046, and has 
main particulars according to the table below.

Table 5 � Main particulars of the HSC T&T Express

T&T EXPRESS Particulars Comments

Year of build 1997 InCat Australia Pty Ltd, Moonah, Australia

Ship yard�s Id No. 046

Length (overall), LOA 91.3 m (300 feet)

Beam (overall), B 26.0 m (85 feet)

Draft (light/loaded), T 2.9/3.7 m (9.5/12.1 feet)

Displacement (light/loaded) 900/1400 m3

Service speed 42 knots

Gross tonnage GT 5617

Total power 4 × 7080 kW 4 × Ruston RK270 Mk2 Turbo Diesels

Gearbox reduction ratio 1:1.824 4 × RENK ASL 60

Waterjets 2 × 2 two in each hull 4 × LIPS, Type LJ145D

Auxiliary machinery, genset 4 × 240 kW 4 × Caterpillar 3406B/3408

Capacity (crew + passengers) 873 persons

Vehicle capacity Up to 240

Fuel capacity 4 × 14 m3 integral alu tanks 2 × 170 m3 (long range fuel tankage)

Classi�cation society DNV

A general arrangement, outboard side and top view, is shown in the �gure below.

Figure 5: T&T EXPRESS, general arrangement outboard side and top view

TR
IN

ID
A

D
 A

N
D

 T
O

BA
G

O

LNG_combined.indb   108 2/2/2016   12:29:16 PM



Current traf�c and future requirements  109

T&T EXPRESS 
The T&T EXPRESS was purchased to TTIT and put into service in December 2006. Before entering into service, 
it was refurbished after 10 years of operations in Australia, Nova Scotia, and the Bahamas. The government 
of Trinidad and Tobago owns the ship via PATT and the operator TTIT but the operational management and 
manning for T&T EXPRESS and T&T SPIRIT is performed by the Canadian company Bay Ferries on behalf of 
the owner. The vessel is an aluminium wavepiercer catamaran constructed by Incat with No. 046, and has 
main particulars according to the table below.

Table 5 � Main particulars of the HSC T&T Express

T&T EXPRESS Particulars Comments

Year of build 1997 InCat Australia Pty Ltd, Moonah, Australia

Ship yard�s Id No. 046

Length (overall), LOA 91.3 m (300 feet)

Beam (overall), B 26.0 m (85 feet)

Draft (light/loaded), T 2.9/3.7 m (9.5/12.1 feet)

Displacement (light/loaded) 900/1400 m3

Service speed 42 knots

Gross tonnage GT 5617

Total power 4 × 7080 kW 4 × Ruston RK270 Mk2 Turbo Diesels

Gearbox reduction ratio 1:1.824 4 × RENK ASL 60

Waterjets 2 × 2 two in each hull 4 × LIPS, Type LJ145D

Auxiliary machinery, genset 4 × 240 kW 4 × Caterpillar 3406B/3408

Capacity (crew + passengers) 873 persons

Vehicle capacity Up to 240

Fuel capacity 4 × 14 m3 integral alu tanks 2 × 170 m3 (long range fuel tankage)

Classi�cation society DNV

A general arrangement, outboard side and top view, is shown in the �gure below.

Figure 5: T&T EXPRESS, general arrangement outboard side and top view
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Figure 6: T&T EXPRESS at berth in Scarborough, November 2013

WARRIOR SPIRIT
The traditional ro-ro vessel WARRIOR SPIRIT is primarily used for transportation of cargo between the sister 
islands. Transportation of food, construction material and fuel from Trinidad to Tobago is regularly conducted 
by trucks carried on board the WARRIOR SPIRIT.

Table 6 � Main particulars of the WARRIOR SPIRIT

WARRIOR SPIRIT Particulars Comments

Year of build 1980 Societe Nouvelle des Ateliers et Chantiers du 
Havre � Le Havre

Ship yard�s Id 253

Length (overall), LOA 126 m

Beam (overall), B 21 m

Draft, T 6.3 m

Displacement (loaded/light) 8215/5556 m3

Service speed 17 knots

Gross tonnage GT 11 457

Total power 11 023 kW

Auxiliary machinery, genset unknown

Capacity (crew + passengers) 48 cabins 105 berth + 96 driver berths

Classi�cation society Bureau Veritas

Figure 7: WARRIOR SPIRIT approaching the ferry terminal in Port of Spain

2.2.2	 Port infrastructure
Port of Spain ferry terminal
The Port of Spain ferry terminal is located south of the main deep water basin close to the city centre and 
is surrounded by busy streets and a ship repair yard in the north west and the CARICOM Wharf on the east 
side. The entrance from land to the ferry terminal is situated close to a busy street junction between South 
Quay, Beetham Highway and Wrightson Road and vehicles entering or leaving the ferry terminal often have to 
queue. The road and park areas inside the terminal area are limited, so queuing often delays the unloading of 
cars. Persons travelling with vehicles as well as passengers without cars are required to be at the ferry terminal 
two hours in advance of the scheduled departure time, and the check-in counter closes 30 minutes prior to 
departure.

In the sea chart in the �gure below, the ship contour of a high speed vessel (red contour) is marked in the 
position of the ferry berth, and another contour (green) is marked at the roro-vessel berth.

�
 

Figure 8: Sea chart of the Port of Spain (Grier basin) showing the location of the TTIT ferry terminal with 
high speed ferry berth (the red contour represents T&T SPIRIT) and the ro-ro berth (the green contour 

representing WARRIOR SPIRIT) (Chart extracted from British Admiralty sea chart No. 474)
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Figure 9: Port of Spain Ferry terminal berth layout and vehicle traf�c �ows (PATT, 2013)

 

Figure 10: Port of Spain ferry terminal entrance from the city

�

 

Figure 11: Port of Spain ferry terminal with St Vincent jetty (left) and terminal building (centre)

Scarborough ferry terminal
The �gures below illustrate the ferry terminal in Scarborough. The layout is much more spacious than the ferry 
terminal in Port of Spain.

 

Figure 12: Extract from the sea chart of the Port of Scarborough Tobago showing  
the location of the TTIT passenger terminal with high speed ferry berth  

(Chart extracted from British Admiralty sea chart No. 477)

 

Figure 13: Port of Scarborough berth layout (PATT, 2013)

TR
IN

ID
A

D
 A

N
D

 T
O

BA
G

O

LNG_combined.indb   112 2/2/2016   12:29:17 PM



Current traf�c and future requirements  113

Scarborough ferry terminal
The �gures below illustrate the ferry terminal in Scarborough. The layout is much more spacious than the ferry 
terminal in Port of Spain.

 

Figure 12: Extract from the sea chart of the Port of Scarborough Tobago showing  
the location of the TTIT passenger terminal with high speed ferry berth  

(Chart extracted from British Admiralty sea chart No. 477)

 

Figure 13: Port of Scarborough berth layout (PATT, 2013)
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2.2.3	 Route and schedule
The conventional ro-ro vessel makes one return trip per day, and each of the two high speed ferries normally 
makes one return trip and stays overnight in Port of Spain and Scarborough respectively. In the high season, on 
Fridays, and other occasions with many travellers, one of the vessels makes two return trips per day. With both 
the high speed vessels in service, it is possible to do two round trips per vessel during the daytime. Therefore, 
the system is very �exible, and allows for an increased capacity in peak periods.

The graph below shows a graphic example of the schedule for TTIT�s three vessels, and the inclination of the 
lines corresponds to the vessels� speeds.

�

Figure 14: Normal sailing schedule weekdays with two high speed vessels and one conventional ro-ro vessel. 
The distance from Port of Spain to Scarborough is 92 nautical miles and the speed is about 39 knots  

for a 2‰ h trip. Example from 10�11 October 2013.

Normal high speed services, with one return trip from each port can be maintained also with only one 
high speed ferry according to the graphical example below. This single high speed ferry schedule does not, 
however, allow for extra trips in the daytime and is sensitive in terms of reliability and disturbances.

The morning departure from Tobago at 06:30 and the afternoon departure from Port of Spain at 17:00 are 
not changed in the two schedules, indicating the importance of these daily tours in particular for people from 
Tobago visiting Port of Spain for a day trip.

 

Figure 15: Sailing schedule weekdays with only one high speed vessel and one conventional ro-ro vessel  
in operation. Example from 24 October 2013.

2.2.4	 Passenger statistics
The high speed ferry services are highly appreciated by the travellers. Since 2007, when the high speed 
ferries were introduced, the number of passengers has increased from about 400 000 per year to more 
than 1�000�000 per year today. There are no predictions available on future passenger development but it is 
generally anticipated that the number of travellers will continue to grow.

In 2012, the total number of passengers for the �eet of three vessels was 1 023 961 and the �rst seven months 
of 2013 indicate a slight increase compared with 2012 according to the graph in the �gure below.

�

 

Figure 16: Passenger statistics 2012 and 2013, passengers for all three ferries  
are summarized per month

The week of Easter and the holiday season from July to August are the peak seasons in passenger traf�c. Key 
features of the high speed ferry services that are particularly appreciated by the passengers are considered to 
be:

–� Short travel times

–� Low fares

–� High frequency

–� Reliability and regularity

–� Comfort

Environmental performance may also be presented as an attractive feature for passengers and public opinion 
if LNG is introduced as fuel instead of MDO. The air quality in the terminals during departure and arrival as 
well as the atmosphere on open deck areas during transit will be signi�cantly better because exhaust smell 
and visible smoke will be eliminated with LNG fuelled ferries.

2.3	 Water taxi services operating from the Port of Spain water taxi terminal
2.3.1	 Present �eet and terminals
Starting in 2008, the National Infrastructure Development Company Ltd (NIDCO) introduced the water taxi 
services as an alternative mode for passenger transportation with the objective to ease traf�c congestion along 
major routes on land. Today the water taxi �eet comprises the four sister ships: Calypso Sprinter, Carnival 
Runner, Paria Bullet and Trini Flash. The water taxi terminal and base port is located at the south east end of 
the Kings Wharf in Port of Spain.
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features of the high speed ferry services that are particularly appreciated by the passengers are considered to 
be:

–� Short travel times

–� Low fares

–� High frequency

–� Reliability and regularity

–� Comfort

Environmental performance may also be presented as an attractive feature for passengers and public opinion 
if LNG is introduced as fuel instead of MDO. The air quality in the terminals during departure and arrival as 
well as the atmosphere on open deck areas during transit will be signi�cantly better because exhaust smell 
and visible smoke will be eliminated with LNG fuelled ferries.

2.3	 Water taxi services operating from the Port of Spain water taxi terminal
2.3.1	 Present �eet and terminals
Starting in 2008, the National Infrastructure Development Company Ltd (NIDCO) introduced the water taxi 
services as an alternative mode for passenger transportation with the objective to ease traf�c congestion along 
major routes on land. Today the water taxi �eet comprises the four sister ships: Calypso Sprinter, Carnival 
Runner, Paria Bullet and Trini Flash. The water taxi terminal and base port is located at the south east end of 
the Kings Wharf in Port of Spain.
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Figure 17: The water taxi terminal in Port of Spain, entrance from the city to the left.  
The photo to the right shows the four vessels of the �eet berthed in San Fernando.

Main particulars of NIDCO�s water taxi vessels Calypso Sprinter, Carnival Runner, Paria Bullet, Trini Flash

Length 41 m Year of build 2010

Passenger capacity 405 Shipyard Austal Group, Australia

Speed 37 Deadweight 40 tonnes

 

Figure 18: Calypso Sprinter and Carnival Runner berthed in Port of Spain

2.3.2	 Routes and timetables
The water taxi services operate between Port of Spain and San Fernando on weekdays. On weekends, this 
service also includes additional trips between Port of Spain and Chaguaramas.

The weekday schedule includes three morning departures (06:00, 06:45, and 08:00) and one afternoon 
departure (16:30) from San Fernando to Port of Spain. In the opposite direction from Port of Spain, there is 
one morning departure (07:00) and three afternoon departures (15:30, 16:30 and 17.30) to San Fernando.

On the weekends, the schedule includes one morning departure from San Fernando (09:30) to Port of Spain 
and one afternoon departure from Port of Spain (06:30) to San Fernando. In addition, the ferries conduct three 
return trips between Port of Spain and Chaguaramas. Each single trip between Port of Spain and Chaguaramas 
takes 30 minutes and a total of two vessels conduct two 45-minute and six 30-minute trips per day on the 
weekends.

With the present time schedules, NIDCO�s �eet of high speed ferries has the operational capacity to increase 
its services, and discussions are currently underway regarding new routes and additional ports of call in the 
Gulf of Paria. Possible future plans of diversi�cation of the water taxi services also include the implementation 
of charters, tours and advertising opportunities.

2.3.3	 Fuel consumption and possibilities for future use of LNG as ship fuel
In the present time schedule with two of the water taxi vessels in operation, the average fuel oil consumption 
is 3.56 tonnes per day per vessel.
The ships are relatively new and reconstruction for LNG fuel is presently not considered feasible. Moreover 
the engine supplier has no plans to offer conversion kits for the speci�c main engine types. Replacement of 

existing diesel engines and installing new dual fuel engines would imply dif�culties with regard to weight 
and space. The owner, NIDCO, presently has no plans for acquiring new vessels and does not consider LNG 
retro�t installation attractive.

Nevertheless, LNG-fuelled water taxi vessels might offer an environmentally attractive alternative for the 
reduction of traf�c and congestion problems on the road and on land in the long term, when the company 
replaces the vessels of the water taxi �eet.

2.4	 Environmental performance and exhaust emissions
TTIT�s present �eet of high speed ferries are operating with Marine Diesel Oil (MDO) as fuel. In contrast to 
Marine Gas Oil (MGO), which contains only distilled products, the MDO is a blend of distilled products and 
some residual fractions. MDO may have a sulphur content up to 2% but a typical value of about 1% sulphur 
is here assumed representative for comparative calculations of emissions from MDO and LNG fuelled high 
speed ferries.

2.4.1	 Fuel oil consumption and emissions from current ferry services
The recorded consumption data (TTIT, 2013) of TTIT�s current �eet of high-speed ferries and the typical 
general speci�c emission �gures for the category of diesel engines installed in those ships were used to 
calculate the following rough estimations of annual emissions of characteristic exhaust gas components. The 
sulphur content of the MDO is assumed to be 1%.

Table 8 � Annual quantities of exhaust gas components from TTIT�s high speed ferries operated by MDO

Fuel consumption 
tonnes of MDO/year

Emission of CO2 
tonnes per year

Emission of SOx 
tonnes per year

Emission of NOx 
tonnes per year

Emission of PM  
tonnes per year

19 300 61 500 771 1 160 21

2.4.2	 Possible reduction of emissions by the introduction of LNG fuel
Based on the estimated consumption of LNG if TTIT�s current �eet of high speed ferries would be reconstructed 
with LNG fuelled gas turbines as main engines and on typical general speci�c emission �gures for LNG fuelled 
gas turbines, the following rough estimation of annual emissions of characteristic exhaust gas components has 
been calculated. It should be noted that the annual fuel consumption in terms of total energy content will 
increase when the diesel engines are replaced by gas turbines because of the lower rate of ef�ciency in gas 
turbines compared with diesel engines.

Table 9 � Annual quantities of exhaust gas components from TTIT�s high speed ferries operated by LNG

Fuel consumption 
tonnes of LNG/year

Emission of CO2 
tonnes per year

Emission of SOx 
tonnes per year

Emission of NOx 
tonnes per year

Emission of PM  
tonnes per year

20 300 52 600 0 569 0

Comparisons between the two tables above reveal that the use of LNG as fuel for the high speed ferries will 
eliminate the emissions of sulphur oxide (SOx) and virtually eliminate the emissions of particulate matter (PM). 
Furthermore, the emission of nitrogen oxide (NOx) will be signi�cantly reduced, but the indicated �gure is 
considered conservative. Further NOx reductions may be obtained if the gas turbine is equipped with water 
or steam injection. By installing of such devices, the annual NOx emissions from the LNG fuelled gas turbines 
may be reduced to less than 200 tonnes.1 Exhaust heat recovery and water or steam injection may also 
contribute to higher ef�ciency and lower speci�c consumption for the gas turbine installation.

Comparison of the carbon dioxide (CO2) emissions indicates a reduction of about 15%, even though the 
ef�ciency rate is lower for the gas turbines than it is for the diesel engines.

 1	T he NOx emission figure in table 9 is based on a specific emission factor of 7 g/kWh but the specific emission of 1�2 g/kWh may 
be gained with water or steam injection (Siemens, 2008).
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existing diesel engines and installing new dual fuel engines would imply dif�culties with regard to weight 
and space. The owner, NIDCO, presently has no plans for acquiring new vessels and does not consider LNG 
retro�t installation attractive.

Nevertheless, LNG-fuelled water taxi vessels might offer an environmentally attractive alternative for the 
reduction of traf�c and congestion problems on the road and on land in the long term, when the company 
replaces the vessels of the water taxi �eet.

2.4	 Environmental performance and exhaust emissions
TTIT�s present �eet of high speed ferries are operating with Marine Diesel Oil (MDO) as fuel. In contrast to 
Marine Gas Oil (MGO), which contains only distilled products, the MDO is a blend of distilled products and 
some residual fractions. MDO may have a sulphur content up to 2% but a typical value of about 1% sulphur 
is here assumed representative for comparative calculations of emissions from MDO and LNG fuelled high 
speed ferries.

2.4.1	 Fuel oil consumption and emissions from current ferry services
The recorded consumption data (TTIT, 2013) of TTIT�s current �eet of high-speed ferries and the typical 
general speci�c emission �gures for the category of diesel engines installed in those ships were used to 
calculate the following rough estimations of annual emissions of characteristic exhaust gas components. The 
sulphur content of the MDO is assumed to be 1%.

Table 8 � Annual quantities of exhaust gas components from TTIT�s high speed ferries operated by MDO

Fuel consumption 
tonnes of MDO/year

Emission of CO2 
tonnes per year

Emission of SOx 
tonnes per year

Emission of NOx 
tonnes per year

Emission of PM  
tonnes per year

19 300 61 500 771 1 160 21

2.4.2	 Possible reduction of emissions by the introduction of LNG fuel
Based on the estimated consumption of LNG if TTIT�s current �eet of high speed ferries would be reconstructed 
with LNG fuelled gas turbines as main engines and on typical general speci�c emission �gures for LNG fuelled 
gas turbines, the following rough estimation of annual emissions of characteristic exhaust gas components has 
been calculated. It should be noted that the annual fuel consumption in terms of total energy content will 
increase when the diesel engines are replaced by gas turbines because of the lower rate of ef�ciency in gas 
turbines compared with diesel engines.

Table 9 � Annual quantities of exhaust gas components from TTIT�s high speed ferries operated by LNG

Fuel consumption 
tonnes of LNG/year

Emission of CO2 
tonnes per year

Emission of SOx 
tonnes per year

Emission of NOx 
tonnes per year

Emission of PM  
tonnes per year

20 300 52 600 0 569 0

Comparisons between the two tables above reveal that the use of LNG as fuel for the high speed ferries will 
eliminate the emissions of sulphur oxide (SOx) and virtually eliminate the emissions of particulate matter (PM). 
Furthermore, the emission of nitrogen oxide (NOx) will be signi�cantly reduced, but the indicated �gure is 
considered conservative. Further NOx reductions may be obtained if the gas turbine is equipped with water 
or steam injection. By installing of such devices, the annual NOx emissions from the LNG fuelled gas turbines 
may be reduced to less than 200 tonnes.1 Exhaust heat recovery and water or steam injection may also 
contribute to higher ef�ciency and lower speci�c consumption for the gas turbine installation.

Comparison of the carbon dioxide (CO2) emissions indicates a reduction of about 15%, even though the 
ef�ciency rate is lower for the gas turbines than it is for the diesel engines.

 1	T he NOx emission figure in table 9 is based on a specific emission factor of 7 g/kWh but the specific emission of 1�2 g/kWh may 
be gained with water or steam injection (Siemens, 2008).
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Figure 19: Comparison of annual fuel consumption and emissions for a �eet of two high speed ferries 
powered by diesel engines and MDO and by gas turbines and LNG respectively

From a local environmental and health perspective in Trinidad and Tobago, the reduction of the particulate 
matters, PM, is considered the most important factor of improvement by introducing LNG as fuel for the high 
speed ferries. Reduced concentrations of PM in the air in urban areas and cities that are exposed to heavy 
traf�c, such as Port of Spain, can often be translated into �gures of saved lives and averted fatalities.

Presently, no decision has been made to designate the waters where the TTIT high speed ferries are operating 
as an emission control area (ECA), so there will be no international compulsory requirements calling for 
reduced SOx or NOx emissions from the ferries in the near future. However, there are a number of new ECAs 
in force around the world, and more stringent emission requirements will come into effect in these from 2015. 
In the future, it is possible that the entire Caribbean Sea and WCR will become an ECA.

Reconstruction for LNG fuel operation or newbuilding will facilitate compliance with future ECA requirements 
and with diesel/LNG dual fuel systems installed, the attractiveness and value of the ships will be higher also 
in a secondhand market.

3
LNG supply chain and bunkering 
infrastructure

3.1	 General requirements of a supply chain for LNG as marine fuel

There are several aspects to consider when designing a supply chain for LNG as marine fuel. Some important 
aspects are:

–� Reliability

–� Safety

–� Security of supply

–� Flexibility

–� Capacity

–� Operational cost

–� Investment costs

Different stakeholders may prioritize these aspects differently but none of the aspects can be excluded.

From the shipowner�s perspective, three aspects are predominant: the price of the fuel free on board (FOB), 
the reliability of the supply chain and the capacity of the supply chain in relation to the demand. If the LNG 
fuel price is much higher compared to other alternatives, then LNG is uncompetitive and will most likely not 
be selected as a fuel. In addition, if there are insuf�cient volumes of LNG and the bunkering vessel cannot 
bunker the required amount of fuel when needed, then consequences may be severe for LNG as a marine�fuel.

Compared with traditional oil based ship fuels, the equipment and resources used in an LNG supply chain 
are more complex and more expensive, both in terms of CAPEX and OPEX, primarily due to the cryogenic 
temperatures of LNG. Therefore, the optimization of all relevant aspects is important to keeping down the 
costs without compromising safety and security.

Another important difference between LNG as marine fuel and the traditional, oil based ship fuels is that LNG 
has to be handled with care due to its perishable characteristics. The composition of LNG may change if it 
is handled incorrectly, making it less valuable or even useless as marine fuel. It may also generate negative 
environmental impact and pose signi�cant risks to people when LNG vaporization creates high pressure.

3.2	 Supply chains

Before the start-up meetings and workshop in September 2013, 28 possible supply chains were outlined by 
the consultant team as a starting point for the discussions. A graphical presentation of all the supply chains is 
presented in appendix 2. All supply chains were designed in line with the principal supply chain displayed in 
�gure 20 below.
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Figure 20: Initial hypothesis of a supply chain of LNG as marine fuel  
to the high speed vessels in Port of Spain

Due to the fact that Trinidad and Tobago accommodates one of the largest LNG production plants in the world 
with an annual capacity of approximately 15 mmpta of LNG, the Atlantic LNG facility in Point Fortin was 
considered the obvious choice for a LNG source for all supply chains. However, the workshop and meetings 
in September 2013 made clear that some limitations on the possibilities for using Atlantic LNG as the source 
of LNG exist. At present, domestic redistribution of LNG is outside the scope of the mandate of Atlantic LNG 
(Ramlakhan, 2013).

For this type of pilot study, it is important to establish feasible conditions for the source of the LNG supply at an 
early stage. Especially for studies addressing vessels with pure gas (non-dual fuel) engines, alternative sources 
of supply may also need to be considered to minimize risks and to secure a continuous supply of LNG fuel at 
favourable conditions.

Based on the initial information retrieved from the different stakeholders, two of the 28 identi�ed supply chains 
were at an early stage of the project selected for further evaluation. Due to the sourcing issue mentioned 
above, an additional third supply chain was developed. All three supply chains are thoroughly described in 
sections 3.5 to 3.7.

3.3	 Possible bunkering solutions
Just like the bunkering of traditional oil fuels, LNG bunkering may be performed in different ways. At present, 
most LNG bunkerings are made either from truck to ship or from small intermediate bunker terminals. During 
the development of the different supply chains as described in appendix 2 the following bunkering solutions 
were considered: truck to ship (TTS), intermediate tank via pipeline to ship (ITPS), ship to ship (STS), and 
container to ship (CTS).

3.3.1	 Truck to ship (TTS)
The most common LNG bunkering method today is truck to ship. It is a feasible option as long as the volumes 
are reasonably small. A tank truck can carry up to approximately 22 tonnes of LNG depending on the capacity 
of the tank truck, national transport and vehicle regulations, road infrastructure and the standard of the roads 
to be used. If the receiving vessels require large quantities (>50 tonnes), then other bunkering methods are 
usually more suitable.

�
 

Figure 21: Truck to ship bunkering (TTS) of LNG from two trailers in parallel  
(Photograph reproduced courtesy of Skangass AS)

The largest bene�ts of TTS operations are a limited initial investment and that the necessary investments are 
possible to use also for other purposes, such as local energy distribution. This makes the TTS method a very 
good start-up solution for LNG bunkering.

The limited capacity of the truck is, however, the most obvious limitation in this bunkering solution. Another 
disadvantage is that TTS operations may have an impact on the possibilities of parallel operations, because the 
bunkering operation has to be carried out on the quayside of the vessel and thus might interfere with cargo 
and passenger handling.

Bunkering locations are not fully �exible, because the location has to be connected to a road that is suitable 
for the transportation of LNG from the source.TR
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3.3.2	 Intermediate tank via pipeline to ship (ITPS)

Another commonly used bunkering solution is bunkering by pipeline directly from an intermediate LNG tank. 
Depending on the requirements and logistical options, the size of such tanks may vary from as small as a few 
tonnes to more than 50 000 tonnes. The LNG can be supplied to the intermediary tank via truck, barge, ship, 
or local production directly from the gas grid depending on the required volumes, availability, etc. It may also 
be possible to use an import or export terminal as a direct source for ITPS bunkering.

 

Figure 22: ITPS LNG bunkering (Photograph reproduced courtesy of Eidesvik)

One limitation to this solution is that it is technically and operationally challenging to have long pipelines, 
which implies that the tank has to be located in the proximity of the berth where the bunkering operation 
shall be performed. It is, however, not always possible to do this since the available space in combination with 
safety requirements and other on-going activities in the port can induce restrictions. The ITPS method also has 
limitations in its �exibility, because the bunkering position is �xed. Therefore, the solution is most likely to be 
used for a port or berth with a stable and long-term demand for bunker delivery or used when a local LNG 
bunker demand coincides with other consumers, making it possible to co-use the necessary infrastructure.

3.3.3	 Ship to Ship (STS)
Both TTS and ITPS have clear limitations regarding capacity and �exibility. To avoid these, a more feasible 
option for LNG bunkering is by ship-to-ship operation, similar to how most fuel oil is supplied to ships today. 
The solution is �exible when it comes to both capacity and location, and an LNG bunker vessel or barge can 
be used to bunker most kinds of vessels. STS also has disadvantages, because the initial investment in a bunker 
vessel is signi�cant, and it may be dif�cult to �nd alternative assignments for the bunker vessel when the LNG 
bunker demand is limited.

If a barge is used, then it may either be self-propelled or un-propelled using one or several tugs when moving.

 

Figure 23: A 2 800 m3 LNG bunker vessel (Photograph reproduced courtesy of White Smoke Shipping)

3.3.4	 Container to ship (CTS)
A solution that is commonly discussed but not yet fully developed or in use is container-based solutions 
whereby special LNG fuel containers are used both for transportation from the LNG source as well as for fuel 
storage on board the LNG fuelled vessel. Designed in line with standard ISO containers, the supply chain may 
utilize an already existing distribution infrastructure.

 

Figure 24: LNG fuel container (Photograph reproduced courtesy of Marine Service GmbH)

A standard 40� ISO container is able to handle approximately 17 tonnes of LNG (Marine Service GmbH, 2013). 

The bene�t of the solution is combined utilization with existing distribution systems for containers. The main 
drawbacks are the high cost and high weight per tonne of LNG as well as some ambiguities when it comes to 
the regulations for shipboard use as fuel.

3.4	 Demand estimation for TTIT�s high speed ferry services
If related directly to the total daily consumption of MDO, as presented in section 2.4.1 of the existing TTIT 
vessels, the LNG demand is estimated to be approximately 42 tonnes per day. This number is considered 
accurate if pure gas or dual fuel piston engines are used as main engines for two new vessels or the two 
converted vessels.

Due to weight and space issues of the presently available dual fuel and pure gas engines it is deemed necessary 
to use LNG fuelled gas turbines if converting the T&T SPIRIT. For the same reason it is most likely that any 
newbuild high speed ferry also will use gas turbines as main engines.
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