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Definitions
• Emission Control Areas (ECAs): are sea areas in which stricter controls were established to minimize airborne emissions (SOx, NOx, ODS, VOC) from ships as defined by Annex VI of the 

1997 MARPOL Protocol which came into effect in May 2005. Annex VI contains provisions for two sets of emission and fuel quality requirements regarding SOx and  NOx, a global 
requirement and more stringent controls in special Emission Control Areas (ECA). These regulations stemmed from concerns about the contribution of the shipping industry to "local and 
global air pollution and environmental problems. As of 2011 there were four existing ECAs include the Baltic Sea, the North Sea, the North American ECA, including most of US and Canadian 
coast and the US Caribbean ECA

• Risk: is the combination of likelihood and consequence of accidents. More scientifically, it is defined as the probability of a specific adverse event occurring in 
a specific period or in specified circumstances. Although in colloquial use, risk and hazard are treated virtually as synonyms, Risk is distinct from Hazard. 

• Hazard: is the physical situation which has the potential to cause harm. For example, a refinery is regarded as a hazardous activity, due to the toxicity of 
hydrogen sulfide and flammability of gases and liquids in the process. The word “hazard” does not express a view on how likely it is that the harm will actually 
occur. 

• Accident: is the actual realization of a hazard. It is a sudden, unintended departure from normal conditions, in which usually some degree of harm is caused. 

• Bunkering (Loading) Temperature: At atmospheric pressure, natural gas will liquefy at a temperature of about -162°C (-260°F). As LNG increases in 
temperature, its vapor pressure increases and its liquid density, decreases. These physical changes need to be considered because they may increase the 
required storage tank volume and pressure rating. 

• Filling Limit: The filling limit of an LNG tank is the maximum allowable liquid volume in the tank, expressed as a percentage of the total tank volume. The filling 
limit is not the same as the loading limit. The maximum filling limit for LNG cargo tanks is 98 percent at the reference temperature. This same limit is expected 
to apply to LNG fuel tanks. A higher filling limit may be allowed on a case-by-case basis based on requirements from classification societies and regulatory 
bodies. 

• Reference Temperature: The reference temperature is the temperature corresponding to the saturated vapor pressure of the LNG at the set pressure of the 
pressure relief valves. For example, if the LNG tank has a pressure relief valve set pressure of 0.7 barg (10.15 psig), then the reference temperature is -
154.7°C (-246.4°F), which is the temperature that natural gas will remain a liquid at 0.7 barg (10.15 psig).

• Loading Limit: The loading limit is the maximum allowable liquid volume to which the tank may be loaded, expressed as a percentage of the total tank volume. 
This limit depends on the LNG densities at the loading temperature and reference temperature.

• Heel: The volume of LNG that is normally left in the tank before bunkering is called the tank heel. This small volume of LNG keeps the LNG tank cold before it 
is refilled during bunkering. The required tank heel should be calculated with the assistance of the tank designer and fuel gas designer based on several 
variables such as tank size and shape, ship motions, heat inflow from external sources, gas consumption of the engines, and bunkering and voyage 
schedule. As a general rule of thumb, for initial design considerations a tank heel of 5 percent can be assumed. 

• Usable Capacity: In general, the usable capacity of the LNG tank is equal to the loading limit minus the heel, expressed as a percentage of the total tank 
volume. The usable capacity is the consumable volume of bunkered LNG in the tank.
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Introduction 
• Shipping is amongst the fastest growing modes in the transportation sector. While it is also a relatively

low-energy mode of long-distance transportation, it is important that the growth of the sector is
sustainable in the long-term, and recently more attention is given to both the negative contribution of
ships on air quality as the overall GHG emissions of ships.

• To increase the air quality in densely used areas such as ports and inland shipping lanes, the
International Maritime Organization (IMO) set up the MARPOL agreement which aims at reducing
sulphur, NOx and particulate emissions of ships.

• Over the period 2007–2012, average annual fuel consumption ranged between approximately 250
million and 325 million tonnes of fuel consumed by all ships. Of that total, international shipping fuel
consumption ranged between approximately 200 million and 270 million tonnes per year, depending
on whether consumption was defined as fuel allocated to international voyages (top-down) or fuel used
by ships engaged in international shipping (bottom-up), respectively.

• With such high (like the above) levels of fuel consumed annually, worldwide, shipping is estimated to
have emitted more than 1,046 million tones of CO2 in 2012, corresponding to 3.3% of the global
emissions during that year. International shipping respectively, is estimated to have emitted 870
million tones, or about 2.7% of the global emissions of CO2 in 2012.

• Mid-range emissions scenarios show that by 2050, in the absence of abatement policies, carbon
dioxide emissions from international shipping may grow by a factor of 2 to 3 (compared to the current
emissions) as a result of the growth in shipping .



Regulation is the major driver for alternative fuels?

• Annex VI of the International Maritime Organization (IMO) International 
Convention for the Prevention of Pollution from Ships (MARPOL) was 
enforced in May 2005. 

• The mandate on a first level limited the sulfur content of marine fuels on 
a global basis to 4.5%. That limit was then lowered to 3.5% sulfur from 
January 2012.

• Annex VI also imposed a 1.5% sulfur limit on marine fuels in Emission 
Control Areas (ECAs) effective from May 2006. That limit was reduced 
to 1.0% sulfur effective from 1 July 2010, while after January 2015  that 
limit was further reduced to 0.1% sulfur. 

• There are four (4) ECAs in effect: the Baltic Sea since May 2006, the 
North Sea since November 2007, North America (US and Canada) 
since August 2011, and U.S. Caribbean since January 2013.

• As a result, the effects of Annex VI sulfur reductions and initiatives to 
adopt lower sulfur fuels have been largely limited to the ECAs. 

• The larger effect from Annex VI will come when the requirement to 
reduce sulfur content of marine fuels to 0.5% on a global basis enters 
into effect on 2020. However, implementation of this major change 
depends on the outcome of an IMO low sulfur fuel availability study to 
be completed in 2018. If IMO decides there is insufficient low sulfur fuel 
available, the 0.5% sulfur limit can be delayed until 2025. The issues 
and challenges  for ship owners and operators is how to find alternatives 
to economically meet the low sulfur fuel mandate about to be imposed 
by Marpol Annex VI.



Possible solutions to reduce emissions for shipping 

• There are three major options for reducing the greenhouse gas emissions
from shipping :

• Less shipping activity, either by reducing the total global transportation
(needs) or by shifting to other transportation modes;

• Increasing the energy efficiency of shipping;

• Decreasing the carbon intensity of shipping propulsion.

A possible decrease of total global transportation is not at all likely to
occur, with growing population and international trade. While apart from
this fact marine shipping is already the most efficient form of
transportation (aside from pipelines), which means that shifting to other
transportation modes will not improve the situation.

Marine shipping efficiencies have been steadily increasing over the past
several decades, but the demand has grown faster than the efficiency
improvements. This means that decreasing the carbon intensity of
shipping propulsion, may be the best option for really decreasing the
greenhouse gas emissions from the shipping sector.



Secure Compliance with stricter limits on fuel oil 
sulfur content 
• In the short term, ship owners and operators are switching from traditional residual bunker fuel

during ocean passages to low sulfur fuels when operating in ECAs. For the longer term ship
owners are studying alternative approaches to meet the environmental requirement for the post
2020 or 2025 era;

• Operating on low-sulfur distillate fuels is a relatively easy way to comply with fuel oil sulfur
mandated limits.

However, if the world fleet of commercial ships was to convert to using distillate fuel by 2020, the
current production of distillate fuel oil would not meet marine bunker fuel demand.

According to a recent report Outlook for Marine Bunkers and Fuel Oil to 2030, the refinery
industry would need to produce an additional 4 million barrels per day of distillates in order to
meet demand for bunker fuel oils for shipping on implementation of the 2020 IMO global sulfur
limits.

Due to this fact doubts with regards to availability, and pricing, of distillate fuels have led to
consider other options for compliance with the strict sulfur limits being considered. The three main
options are:

• secure a reliable and affordable source of Annex VI compliant liquid fuel; which depending on
sulfur content limitation, could be marine diesel oil (MDO) or MGO distillates

• consume high sulfur residual fuel and add SOx emission reduction equipment such as scrubbers
pr exhaust gas treatment systems to meet the SO2 emission requirements;

• shift to an alternative low sulfur fuel. LNG is one alternative attracting attention because of its low
sulfur content and its price, which is lower than the traditional residual oil based bunker fuels.



A comparison of  the three main options for 
compliance along with their corresponding 
emission reductions



The ship-owners trillema: 
Which path to follow?



Challenges ahead 
• So far, the shipping industry has not acted decisively to realize its

potential to reduce emissions via low carbon energy.

• For some owners, finding capital to fund proven fuel savings
technologies can be a challenge – even for technologies that pay for
themselves in a matter of years.

• When introducing a new fuel, existing ships may have to be retrofitted
because of incompatible machinery. This makes changes a long term
investment.

• For pioneers –owners who take the risk to invest in new technologies
solutions– unforeseen technical issues often result in significant delays,
requiring additional capital.

• At the same time, bunker costs for certain shipping segments are paid
for by the charterer, removing incentives for owners to explore
alternative fuels or even fuel efficiency measures. Patchwork
regulations, enforced by different government bodies, and lack of
standards, have also slowed coordinated actions.

• Ship-owners interested in new ship fuels are currently facing a number
of questions regarding the costs and the possible benefits of using such
technology



Agenda 
• Definitions

• Introduction 

• Regulation as the major driver for 
alternative fuels

• Alternative fuel options

• The LNG stakeholders demands 

• Parameters for LNG use as ship fuel 

• Costs incurred by LNG as a ship fuel 

• Summary & Conclusions  



Alternative options to LNG fuel

• Investment costs will differ for the various strategies and are to some extent proportional to the size of the 
propulsion plant. A ship operator has to balance high investment costs for retrofitting new equipment or in 
new build projects versus long term operational costs depending on the type of fuel selected:

• MGO 

• Economic issues aside, MDO appears to be the easiest solution for ship-owners. Only new-build ships after 
2016 will need to have an SCR or EGR installed on board, and its technology and feasibility are not seen as 
any major hurdle in either ship design or operability terms. Most ship-owners are familiar with and use 
MDO,

• Besides, its market mechanisms and variations are very similar to HFO. MDO has the added advantage of 
necessitating no changes in commercial relations or general contract terms with bunker suppliers. The 
structure will continue to be based, as it is today, on product specifications clauses, Incoterms, indexation 
and so on. 

• Usually, MDO is already available in ports and there are no problems regarding regulations, logistics or 
operations. Nevertheless, if the quantities of MDO delivered in ports rose significantly, the capacities of the 
current infrastructure and logistics means would need to increase to accommodate them. The logistics of oil 
products is well known and widely available, but capacities will need to be converted and/or further 
developed in most of the ports. Naturally, the level of investment needed is much lower than for LNG and 
the feasibility therefore higher. Another probable challenge of significant additional demand is the impact on 
the refining balance of each region, which in turn might affect prices, especially in Europe, which already 
imports around 20 Mt of distillates each year..

The use of MGO will reduce the emission of SOx in exhaust gases while also MGO will not require extra 
volume for storage tanks, and retrofitting engines incurs a small, or no, investment costs.

Operating costs are expected to be high due to fuel prices that many agree will to continue to rise, partly as 
a result of limited refinery capacity. MGO with 0,1%, or less, sulfur is readily available and has similar 
properties to diesel fuel used for high speed diesel engines 

However, in order to comply with NOx regulation either Selective Catalytic Reduction (SCR) or Exhaust Gas 
Recirculation (EGR)  equipment installation will be required, meaning additional investments with respect to 
hardware and installation .Both SCR and EGR engines operating in Tier III mode will have increased fuel oil 
consumption. SCR engines will require an injection of a decomposition agent and special exhaust 
arrangements for loads below 40%. If an EGR system is to be operated on fuel with sulfur content, a 
Sodium hydroxide (NaOH) solution is required in the EGR scrubber. Both engines will require power for 
auxiliary systems during operation



Alternative options to LNG fuel
• Scrubber techniques 

• The use of exhaust-gas scrubbers appears a very promising solution for many 
ship-owners. 

• The technology is not, for the time being, fully proven for ships but the stakes are 
high enough to serve as incentive to resolving the obstacles. 

• Scrubbers offer many advantages over other solutions, the most important being 
the ability for the ship-owners to maintain their current practices in terms of supply. 

• Although the technology is not fully proven, it seems that retrofitting would be 
feasible for many of today’s ships. 

• In any case, ship-owners can include in the design of the ship the possibility of 
installing a scrubber at a later date, which would make retrofitting possible. This 
being said, scrubbers may cause problems of stability for some ships, since the 
exhaust gas treatment has to be installed on top of the exhaust stack. 

• Ferries for example appear to be poor candidates for scrubbers. In addition, water 
treatment products and sludge management require additional logistics and 
operations for ships. Another drawback of scrubbers is that, in economic terms, 
fuel consumption will increase by between 1 and 3% and maintenance costs and 
OPEX are also higher



Alternative options to 
LNG fuel

• Scrubber techniques 

Scrubbers enable the continued use of HFO, keeping fuel costs 
low and avoiding the need to convert engines. It would be 
possible to combine with either SCR or EGR for NOx cleaning. 
Wet and dry scrubbers are established techniques for land-based 
applications. For marine applications there are basically three 
different wet scrubber techniques that may be installed in ships:

• Open—Seawater is mixed with exhaust gases to dissolve the sulfur 
oxides

• Closed—Typically use freshwater treated with alkaline chemicals 
such as Sodium hydroxide (NaOH) to achieve the same effect

• Hybrid—Use either seawater or freshwater and dry scrubbers with 
solid media to capture the sulfur oxides

Although there is considerable variation in price estimation, the 
figure indicates that the cost of installing scrubbers in new build 
ships is less expensive. This is primarily due to the fact that 
retrofitting a scrubber in an older ship requires more alterations. 
In addition there are capital investments, increased fuel 
consumption related to the operation of the scrubber , handling 
waste products, and a potential reduction in cargo space due to 
scrubber installation to consider. Reliable scrubber availability is 
also important as well as the necessary port infrastructure for the 
efficient disposal of scrubber waste



LNG as an alternative marine fuel
• The use of Liquefied Natural Gas (LNG) as a plausible alternative to conventional ship fuel has lately gained much

attention not only in Europe, but also across the world.

• There are three particular drivers which, when considered together, make LNG as ship fuel one of the most
promising new technologies for shipping.

1. Use of LNG as bunker fuel for ships represents a real alternative to conventional marine bunker fuel oils when
considering compliance with more stringent sulfur limits because of its virtually 0% SOx content in emissions.

2. the lower carbon content of LNG compared to traditional ship fuels enables an up to 20% reduction of carbon
dioxide (CO2) emissions. Any slip of methane during bunkering or usage, needs to be avoided to maintain this
advantage.

3. The price fluctuations of fossil fuels along with the prediction of a diesel fuel shortage in the upcoming decades.
Current low LNG prices in Europe and the USA suggest that a price – based on energy content – below heavy fuel
oil (HFO) seems possible, even when taking into account the small-scale distribution of LNG.
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LNG stakeholders demands
Stakeholders demand that certain criteria must be met for them to invest in, or support, the implementation of LNG for shipping 
technology. Some of these demands are critical to the development of an LNG infrastructure, while other demands are not 
considered critical, but are still important requirements.

• Ship-owners/operators 

Ship owners have an essential role to play in creating the new infrastructure for LNG as marine fuel. Without a demand from 
ship owners to use LNG as fuel, no new infrastructure will be possible. The LNG infrastructure requires a sufficient amount of 
investment in new LNG-fuelled ships or the conversion of existing shipping to use LNG marine fuel. The first adopters must be 
prepared to assume the risk of possibly choosing the wrong technology due to the current uncertainty of future costs of using
LNG compared to fuel oils and other alternatives. Before ship owners will invest in LNG-fuelled vessel they are likely to demand
the following conditions:

• The price of LNG as marine fuel must be competitive compared to HFO and cleaning solutions. 

• The availability of LNG must be reliable. LNG bunkering infrastructure must be available in most, if not all, ports used by the ship 
owner (assured availability). 

• The regulatory framework should be clear regarding design, operations and emissions.

• Tried and tested bunkering procedures must be in place. The question of whether LNG bunkering can be undertaken 
simultaneously with cargo handling must be answered —bunkering must not cause delays or result in longer stays in port

• Policy makers

Policy makers such as legislators and governments at local, regional, national and EU level need to show clear support for 
clean shipping technologies, including LNG. Without the support from politicians at all levels, it will be difficult to set up the 
necessary infrastructure. The policies promoting alternative fuels must be long-term in vision, and the supporting legislation 
should be harmonized and implemented fairly and consistently across countries and different types of technology. In the early
stages of implementation, some form of public financial funding or incentive schemes will be probably be required to support the
initial investments in LNG vessels and bunkering infrastructure as well as the work required to establish the necessary 
regulatory framework. 

On the other hand, for policy makers to take a standpoint and make important decisions that will be required, they will need 
credible and unbiased information on LNG as a potential clean marine fuel, addressing both the risks and benefits regarding 
health, safety and environment. Any input to the process must be of high quality to support policy making decisions. The poli tical 
decision makers must have a realistic view of the technical and financial challenges posed by LNG and possible implications for 
the other stakeholders.



LNG stakeholders demands
• Authorities

Authorities such as transport, safety, environment and similar bodies are of crucial importance for implementing the LNG for shipping 
infrastructure. The support of these authorities will be essential for implementing and enforcing the necessary regulatory framework. 
The regulations should be set at an appropriate level to ensure safety, but be flexible enough to accommodate shipping business 
operations. The authorities must communicate their requirements to other stakeholders and acquire sufficient knowledge of the LNG 
infrastructure through either their own or third party studies. These authorities may be required by politicians to provide many of the 
expert statements that will inform the decision making process. 

The authorities will require clear directives and financial support from the policy makers to complete the research and detailed 
investigation into what will be required to set up the appropriate regulatory framework. Authorities will also require detailed information 
from various stakeholders, research organizations, and so on to support their decisions

• Ports 

The ports are a crucial part of the LNG supply chain. From a sustainable LNG infrastructure perspective, a sufficient number of ports 
must make locations available for small-scale LNG terminals and bunker facilities. The port authority needs to establish local 
regulations and port by-laws, approved by other relevant authorities. In addition, the ports may be a possible source of funding for 
investment support. For example, the Port of Antwerp is planning to develop an LNG bunker vessel to support the growing interest in 
using LNG as marine fuel. Another example is the Port of Gothenburg, which has decided to invest three billion SEK in the necessary 
logistics to offer ships the possibility to bunker LNG .The following points describe some of the general requirements that should be 
met before port authorities will support the establishment of an LNG infrastructure, such as: 

• Available space both onshore and offshore

• A sound business case for the port with sufficient LNG fuel demand from the users • Support from the owner(s) of the port 

• Possible internal or external funding

• An established regulatory framework

• Accreditation of bunker companies



LNG stakeholders demands

• Terminal operators 

The terminal operators are independent companies building and operating the LNG terminal on the port premises, 
where the LNG will be stored and distributed to different customers. If this step is not managed by the port or the 
gas supplier, the LNG infrastructure demands the support of a competent terminal operator who can establish and 
run the terminal and also offer a realistic contract model for gas suppliers regarding quantities and contract length 
(short-term versus long-term).

Terminal operators will require sufficient user demand with the potential economies of scale offered by different 
types of gas users such as the energy sector, manufacturing industries, shipping, and land transportation (car, 
trucks, and so on.). Moreover, the regulatory framework should be in place, and external funding may also be 
necessary to persuade potential operators to commit to investing in a new terminal. 

• LNG suppliers

Gas as fuel for ships is a potentially new market for gas suppliers, although by comparison to the total gas 
consumption market, the LNG marine fuel market will be relatively small.

If LNG as marine fuel is going to be an attractive alternative for shipping, the gas suppliers must be able to offer 
stable gas deliveries and competitive prices compared to other options for fuel and cleaning technologies. Contracts 
with ship and terminal operators should be reasonable in terms of price, quantities and length of contract. It is also 
important that gas suppliers, together with terminal operators, define and adhere to a minimum quality range of 
LNG.

If a gas supplier is going to deliver LNG to ships, there must be sufficient user demand. The shipping industry will 
probably take a relatively small share of the total gas deliveries, but with the right location of terminals there are 
bunkering opportunities for a large number of ships of different categories and the possible economies of scale 
advantages from other types of users. The small-scale LNG supply chain is still under development, as is the 
regulatory framework for using LNG as marine fuel. When the supply chain and regulatory framework are 
established, shipping is likely to be a growing market for many gas suppliers



LNG stakeholders demands
• Equipment and service suppliers

The various marine technology suppliers are important players in the development of a successful infrastructure for 
LNG as marine fuel. Engine manufacturers and other equipment and service suppliers must have the appropriate 
technology available and the capacity to deliver the necessary equipment to meet the demand. Most of the 
technology solutions regarding using LNG as fuel are available today, but further improvements are still required. 
The technology suppliers will continue to develop their equipment if they can expect enough potential demand from 
ship owners who are ready to upgrade their fleet.

• Research and education 

As with many new technologies, there is also a need for research and training. Independent studies by research 
institutions and similar organizations are important to establish a scientific basis for the real cost and benefits of 
using LNG as marine fuel by comparison to the alternatives. Universities and other educational organizations are 
also important in developing the necessary training courses and educational programs for onboard and offshore 
crew, authorities and related organizations as to the correct procedures for using LNG as fuel for ships. For these 
institutions to consider this matter a priority, it may be necessary to issue policy directives and offer financial support 
to set up research and educational programs. 

• General public

The general public may not be regarded as a direct stakeholder in the development of the LNG for shipping 
infrastructure, but their indirect support and acceptance of using this technology is still important. People require 
safe and environmentally friendly transport at a reasonable price. It may be necessary for the other stakeholders to 
inform and educate the general public about using gas and LNG for shipping. In particular, it seems that safety 
issues should be addressed and explained, but also the possible environment and health benefits that comes with a 
cleaner fuel alternative. In the end, it is often the wishes of the general public that direct future policies. 

• Non-governmental organizations

As with the general public, non-governmental organizations such as environmental groups might not be considered 
as direct stakeholders in developing LNG for shipping infrastructure. However, their indirect, and occasionally direct, 
support and acceptance of this technology may prove to be very important. The NGOs will be in favor of safe, clean 
and environmentally friendly transport.



Agenda 
• Definitions

• Introduction 

• Regulation as the major driver for 
alternative fuels

• Alternative fuel options

• The LNG stakeholders demands 

• Parameters for LNG use as ship fuel 

• Costs incurred by LNG as a ship fuel 

• Summary & Conclusions  



Parameters for LNG use as ship fuel 
• The natural gas reserves 

• It is important to focus on the natural gas resources in the world to determine whether the LNG
may be the future of marine fuel.

• The reserves are substantial and are not yet fully identified. The estimates also continue to
grow as new exploration techniques or extractions are discovered.

• There are two types of reserves: the proven reserves, technically and economically
recoverable at a given date, and the potential reserves, which are the most important ones in
terms of quantities but not yet exploited.

• The proven reserves of natural gas are unevenly distributed around the world as Russia and
the Middle East share about 2/3 of global natural gas reserves

• These global reserves have more than doubled over the past twenty years thanks to the
discovery of new deposits.

• According to the International Energy Agency (IEA), at current consumption rates, the proven
reserves represent approximately 60 years of production (GDF Suez, 2013).

• Yet, the exploration and extraction technologies that have been developed provide access to
new and very large deposits of natural gas.

• These findings could represent nearly double the proven gas reserves. In total, the world is
assured of having more than a hundred years of use. The third of these additional resources
would be located in the Asia-Pacific region, including China, and the quarter in North America



Distribution of  proved natural gas  reserves 



Parameters for LNG use as ship fuel 
• Fuel Costs

• From a shipping perspective, the key question is not what the exact price of LNG will be in the future but what the comparative price of the
main alternative will be.

• Today HFO is the most relevant comparative fuel even if distillate fuels such as MGO and MDO will increase in importance based on
present and future sulfur emission regulations in the MARPOL annex VI.

• Overtime the price of HFO has followed the price of crude oil in an approximate ratio of 0,7 - 0,8 (BP, 2012). Consequently, it is useful to
compare the estimated price forecasts for crude oil versus natural gas when estimating the relative development of the HUB price of LNG
with the HUB price of HFO.

• In a short term the most plausible development is the relative price difference between HFO and LNG will be similar to the present
situation with comparatively low LNG prices in the North American market, and in principal equal prices in the European market and
comparatively high prices in the Asian market.

• In the long term, predictions become more difficult but some basic assumptions are still possible.

• In comparing the proven available resources of natural gas and crude oil, it is clear the future availability of natural gas looks more
promising than the availability for crude oil, taking into account of present and future consumption. This should imply that the price for
LNG is more appealing than the price for HFO .

• Crude oil is used as raw material for many industrial processes other than energy and heat production. These processes are, in most
cases, able to pay a premium compared to energy production and it is usually not possible to substitute crude oil with natural gas. This
should again imply that the price for LNG is more appealing than the price for HFO.

• Since the hydrogen/coal ratio is preferable for natural gas compared to crude oil, the contribution of greenhouse gases is reduced when
burning natural gas compared to crude oil related products such as HFO. This may make LNG a more attractive fuel for many energy
consumption processes in the future, which could imply the comparative price development for natural gas would be higher than for crude
oil.

• Depending on future national and international policies regarding climate change issues, an alternate development is more plausible since
any reduction of the market price of crude oil related products will probably be erased by taxation and other punitive legislation focusing on
the reduction of greenhouse gas emissions



Parameters for LNG use as ship fuel (cont.) 

• High‐viscosity, high‐sulfur fuel oil (HSFO) 
is the least costly fuel, whereas prices for 
lighter fuels with less sulfur generally 
have higher costs.

• LNG is expected to be less costly than 
marine gas oil (MGO) which will be 
required to be used within the ECAs if no 
other technical measures are 
implemented to reduce the sulfur oxide 
(Sox) emissions, while considering the 
plentiful resources it is projected to 
provide a lower cost option for ship’s fuel, 
which will contribute to a significant  
decrease in vessels operating cost.

• Natural gas is expected to be cost 
competitive with residual and distillate 
fuels through 2035. Currently, it is 70% 
less than residual fuel and 85% less than 
distillate fuel; furthermore, the Energy 
Information Administration expects it to 
hold this price advantage through 2035



Parameters for LNG use as ship fuel (cont.) 
• Shipping Safety

• The LNG shipping industry is known for its safety record .

• Since the first cargoes of LNG were shipped in 1964, there has not been a single
incident of LNG loss through a breach or failure tanks and over 56,000
shipments have been made since then.

• The robust design of the ships and cargo tanks and extraordinary attention that
LNG industry is putting on safety, altogether contribute to prevent the release of
cargo and a high safety record. More particularly:

• the industry has technically and operationally evolved to ensure safe and secure
operations. Technical and operational advances include everything from the
engineering that underlies LNG facilities to operational procedures to technical
competency of personnel.

• the physical and chemical properties of LNG are such that risks and hazards are
well understood and incorporated into technology and operations.

• While finally the standards, codes, and regulations that apply to the LNG industry
further ensure safety.



Shipping Safety - LNG industry 
considerations and risk mitigation  

• However, despite the excellent track safety record the LNG
industry is subject to similar routine hazards and safety
considerations that occur in any industrial activity.

• Risk mitigation systems must be in place to reduce the
possibility of occupational hazards and to ensure protection of
on-board personnel, surrounding communities and the natural
environment.

• As with any industry, LNG operators must conform to all
relevant national and local regulations, standards, and codes

• Beyond routine industrial hazards and safety considerations,
LNG presents specific safety considerations for particular
hazards.



Specific safety considerations (or else potential hazards) 
of  LNG

• The potential hazards of most concern with regard to LNG are:

1. Explosions: An explosion happens when a substance rapidly changes its chemical state – i.e., is ignited – or is uncontrollably released from a
pressurized state. For an uncontrolled release to happen, there must be a structural failure – i.e., something must puncture the container or
the container must break from the inside. LNG tanks store the liquid at an extremely low temperature, about -256°F (-160°C), so no pressure
is required to maintain its liquid state. Sophisticated containment systems prevent ignition sources from coming in contact with the liquid.
Since LNG is stored at atmospheric pressure – i.e., not pressurized – a crack or puncture of the container will not create an immediate
explosion.

2. Vapor Clouds: As LNG leaves a temperature-controlled container, it begins to warm up, returning the liquid to a gas. Initially, the gas is colder
and heavier than the surrounding air. It creates a fog – a vapor cloud – above the released liquid. As the gas warms up, it mixes with the
surrounding air and begins to disperse. The vapor cloud will only ignite if it encounters an ignition source while concentrated within its
flammability range. Safety devices and operational procedures are intended to minimize the probability of a release and subsequent vapor
cloud having an affect outside the facility boundary.

3. Freezing Liquid: If LNG is released, direct human contact with the cryogenic liquid will freeze the point of contact. Containment systems
surrounding an LNG storage tank, thus, are designed to contain up to 110 percent of the tank’s contents. Containment systems also separate
the tank from other equipment. Moreover, all facility personnel must wear gloves, face masks and other protective clothing as a protection
from the freezing liquid when entering potentially hazardous areas. This potential hazard is restricted within the facility boundaries and does
not affect neighboring communities.

4. Rollover: When LNG supplies of multiple densities are loaded into a tank one at a time, they do not mix at first. Instead, they layer themselves
in unstable strata within the tank. After a period of time, these strata may spontaneously rollover to stabilize the liquid in the tank. As the lower
LNG layer is heated by normal heat leak, it changes density until it finally becomes lighter than the upper layer. At that point, a liquid rollover
would occur with a sudden vaporization of LNG that may be too large to be released through the normal tank pressure release valves. At
some point, the excess pressure can result in cracks or other structural failures in the tank. To prevent stratification, operators unloading an
LNG ship measure the density of the cargo and, if necessary, adjust their unloading procedures accordingly. LNG tanks have rollover
protection systems, which include distributed temperature sensors and pump-around mixing systems.

5. Rapid Phase Transition: When released on water, LNG floats – being less dense than water – and vaporizes. If large volumes of LNG are
released on water, it may vaporize too quickly causing a rapid phase transition (RPT). Water temperature and the presence of substances
other than methane also affect the likelihood of an RPT. An RPT can only occur if there is mixing between the LNG and water. RPTs range
from small pops to blasts large enough to potentially damage lightweight structures. Other liquids with widely differing temperatures and
boiling points can create similar incidents when they come in contact with each other.

6. Sloshing: The advent of LNG offshore terminals implies certain risks associated with tanks only partially filled with LNG. Carrying LNG in
partially filled tanks could lead to sloshing - a violent motion of the fluid. Sloshing could lead to an increased high pressure of LNG on the tank
walls, especially in an abnormally harsh wave environment. Possible sloshing effect might require additional modifications to LNG cargo
systems, especially taking into account increasing size of LNG carriers. Several engineering organizations, including Det Norske Veritas
(DNV) and Norwegian Marine Technology Research Institute, have projects underway, researching this important safety issue.



Risk management to prevent/mitigate 
potential hazards

• Risk management options should be undertaken, focused on approaches that can be 
used to actively prevent or mitigate potential LNG hazards.  Some risk management 
approaches that can be considered to help reduce the possibility of an event occurring, or 
reduce the hazards to the vessel and the public should an event occur.

• Enhanced operational security measures, to include:

• Positive control of other vessel movements during LNG vessel transits and operations;

• Review of LNG vessel escort protocols and operations to improve the ability to enforce 
exclusion zones through enhanced standoff and active interdiction approaches; 

• Review port operational contingency plans to ensure procedures are in place to address 
larger spills, to include options for moving the vessel to a safe anchorage to monitor, 
inspect, and assess damage, and for longer-term response options, including vessel 
lightering;

• Review of emergency response coordination and procedures for the LNG vessel, 
terminal or port, port authority, and emergency response groups to reduce the overall 
impacts and consequences of larger spills; and

• Review LNG vessel design, equipment, and operational protocols for improved fire 
protection to the LNG vessel, terminals, and vessel personnel from a large LNG fire. 



Parameters for LNG use as ship 
fuel 

• Safe bunkering procedures

• The successful adoption of LNG as a marine fuel is directly dependent on 
safe and effective supply companies. The rules and regulations related to the 
handling of LNG as cargo have thrived for decades, such as the IMO IGC 
Code and implemented successfully. Regulatory framework for LNG handling 
as a marine fuel is under development. Even rules and regulations have been 
developed to cover the issues of LNG as fuel have several gaps which should 
be addressed in order to safe and efficient use. Although the infrastructure for 
refueling LNG in Europe is still at an early stage, the technical and 
operational aspects of solutions for the supply of ships under discussion.

• Below are three main ways of ship with LNG as a marine fuel. The three main 
ways refueling are:

• Ship-to-Ship, STS 

• Truck-to-Ship, TTS

• LNG Terminal-to-Ship via pipeline, TPS

However, each bunkering method requires a different 
supply chain and hence varying investment costs



Ship to Ship LNG bunkering operations(STS)  

• The supply made by a ship to ship (STS) can be performed when the ship 
is in dock at anchorage or sea when the vessel is in operation. 

• However, the feasibility of the latter is limited by adverse weather 
conditions, including strong winds, waves, visibility, presence of ice, 
currents and tides. 

• All conditions and parameters necessary must be in place to make a 
good lashing between "bunker vessel" and the vessel supplied with fuel 
LNG. Suitable buffers and the appropriate quality and quantity of the 
mooring lines are necessary parameters for a refueling method with STS.  
Even the refueling system must be designed in such a way so as to 
permit the safe and efficient movement between the vessels involved. 
The time required to effect the bonding of ships must be based on the 
"turnaround time", which has important implications for the process of 
supply. 

• For operational reasons and for practical and efficiency of time of such a 
type of bunker transfer, the quantity of LNG to be supplied by a LNG 
carriers cannot be too small. Volumes that are more than 100m3 are a 
logical choice for this supply mode. Typical ship capacities for refueling 
can range from 1.000 to 10.000m3



Truck to Ship LNG bunkering operations 
(TTS)  

• The supply of specially designed tanker is currently the most widespread 
form of ship supply with fuel LNG.

• The main advantage of the tank is that it is specially shaped to be 
inexpensive compared to other alternatives. The supply takes place at the 
pier, where the tanker is parked, through a system of flexible pipes. 

• A major drawback of this method is that the ships supply is not fast 
enough, so this supply mode is suitable for small fuel volumes. 

• Moreover, there could be a significant negative impact on operations 
which can be performed in parallel with a supply such of loads handling 
and embarkation / disembarkation of passengers, given that the supply is 
made by the side of the pier. 

• Another obvious limitation is that the preferred site for its refueling should 
be linked by road to filling station LNG, which should have special 
facilities and equipment in order to be able to allow the loading / 
unloading of tankers. 

• Finally another drawback is the average bunkering rate in this way of 
bunkering operation which is 40 m3 /h and it is the slower one.



LNG Terminal-to-Ship via pipeline LNG bunkering 
procedures (TPS)
• The refueling via pipeline connection with terminals LNG is the third refueling method. 

• This mode is ideal for delivery, at high rates, and for large fuel qualities, which means that 
the supply can be carried out in a short time. This is an appropriate solution for ships 
operating voyages on short duration, high frequency and in high frequency ports with low 
fuels delivery volumes, such as in tugs and feeder vessels

• Depending on the requirements and choices of the logistics of the size of the LNG 
storage tank, it ranges from very small (20m3) to very large (100.000m3). 

• Access to the pier and the distance between the source and the ship are key factors for 
the success of the method via supply duct.

• Main limitation is the distance of the tank from the refueling point. Long distance makes it 
hard to replenish with LNG through piping directly from the terminal, both technically and 
operationally and economically. There should thus be close proximity of the storage tanks 
of the piers where operations are refueling. Flexibility is not a characteristic of this supply 
mode, as the supply position remains constant and therefore the various activities that 
can take place in the port.

• However, it is possible to use barges, which will act as intermediate terminals, making 
this method more flexible. The supply pipeline is suitable for use in harbors or piers that 
have a stable and long-term demand for fuel delivery or when the local demand from 
supply vessels coincides with the demand from other consumers, resulting in the sharing 
of infrastructure..



Comparison of  LNG bunkering procedures 

The ship to ship supply is a flexible of delivering large quantities of fuel in a relatively 
fast pace, but has high investment and operating costs. The supply from reservoir 
through pipelines is also a quick refueling way to transport large quantities efficiently. 
However, this solution requires a fixed point for refueling, and may not be suitable for 
all types of ships. Tanks are the most inexpensive investment, a functional flexible 
solution, but it is suitable for small quantities of LNG.



Parameters for LNG use as ship 
fuel 

• Natural Gas Technologies

• Another reason for natural gas becoming viable as shipping fuel is the new technological developments which 
make it able to compete with standard ship fuels. 

• There are four main options for propulsion systems using gas as fuel in ships today. Each one of these options 
has its advantages and disadvantages depending on the situation.

1. The dual fuel engine: which can work in two different operation modes. In diesel mode it uses only diesel and 
in gas mode it uses gas and a small quantity of diesel. In gas mode the gas is mixed with air and compressed 
before ignited by a certain quantity of pilot fuel. These types of engines need to run in diesel mode during 
start up until it has a stable process. Then switching to gas mode is possible if wanted. Switching between 
modes does not cause loss of power and speed. The principal advantage of the dual fuel engine is the 
flexibility to use diesel/fuel or gas depending on the possibility of refueling or regulation zone. The decision 
between 9 which fuel to use depends on the varying fuel prices and emission zones. The disadvantage of this 
engine is that it needs a more expensive double feeding system 

2. The gas engine: which only uses gas and is ignited by a spark plug. The gas is mixed with air before the inlet 
valves. After that, the mixture is compressed and finally is ignited by a spark plug. The main advantage of this 
engine is that it is possible to use lower quality gas with methane no.70 or higher while the dual fuel engines 
need a gas methane no. 80 or higher (Rolls Royce 2003). Also the performance is better than the dual fuel 
engine. On the other hand this engine has no flexibility and therefore needs a secure availability of LNG

3. Gas turbines: which are machines requiring less weight and volume than engines (1/4 in weight and 1/7 in 
volume) and they can create a lot of power. These two characteristic are their best advantage. On the other 
hand, these machines have a higher consume (between 30 and 40 % more) and a bad performance working 
to middle and lower power. These two disadvantages joined to ships require reverse power; the gas turbines 
are not used so much in the maritime industry. Sometimes these kinds of turbines are used in naval ships, 
little fast ferry and in ships with high power requirements like cruise ships

4. The steam turbine works with steam that is generated in boilers. The boilers use gas to produce water steam. 
Traditionally steam turbine plants were used by LNG carriers, but this tendency has changed with the 
development of a new range of dual fuel engines of medium and high power. The reason for that is that 
steam turbine systems require more space and have about 10% lower efficiency than diesel engines
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Costs Associated with Converting Marine Vessels to LNG Operation

• Natural gas is not compatible with existing liquid fuel systems and requires the modification of existing engines and changes or
additions to the existing shipboard fuel systems, as well as other changes for safety reasons.

• The conversion to LNG as fuel require changes to:

• Main Engine Conversion of MC-C to ME-GI

• LNG / Inert Gas System

• Auxiliary Systems

• LNG Storage Tanks (2 x 350m3)

• Fuel Supply Systems

• Removal of Existing Piping and Equipment

• Tank Foundations ─ Deck Houses and Foundations

• The Table shows the costs associated with converting three vessels of different sizes to accommodate natural gas service.

• However, vessels are seldom retrofitted include due to reasons related to :

• Vessel life. Most vessels are assumed to have a life of 30 years rather than the 60 years that WSF projects. As a consequence
of the shorter remaining life of a vessel there is less time to amortize the investment.

• Impact on capacity space or other economics. In some instances vessel owners have decided against a retrofit because in
Europe the fuel tanks are in the vessel’s hold. LNG requires more volume for the same energy output than diesel and as a
consequence vessel owners face the possibility of losing capacity space because of the additional space needed for the larger fuel storage tanks



Costs associated with construction of  LNG 
vessels & payback time 

• New Ship Construction Premium :

• The cost of building a new ship powered by
natural gas has a premium over the
construction cost of a conventional ship with
fossil fuel.

• There is a cost increase for the gas engines
and another for the gaseous fuel system and
associated LNG storage tanks.

• A Germanischer Lloyd (GL) study in 2009
noted an additional investment of 25% over
that of the cost for constructing a typical new
container ship.

• While another study from the Danish Maritime
Authority (DMA), details information on the
return on investment, or payback, for LNG and
HFO+scrubber compared with use of MGO as
fuel, for ships operating entirely within ECAs
(Table).



Cost associated with construction of  LNG vessels & 
payback time 

• Further on study by MAN and GL on use of LNG to 
fuel container vessels indicates a payback time of 
less than two years for a ship sailing in the ECA 65% 
of the time, based on current differences in fuel costs. 
These conclusions are roughly in line with the DMA 
study

• According to another DNV report, if a ship spends 
more than 30% of its operating time in an ECA, the 
cost of investing in  gas‐fueled engines can be 
justified.

• On the basis of daily cost figures for conventionally 
and LNG-fuelled ships of different types and sizes, 
Royal Haskoning have calculated their relative costs:

• capital costs + 10%

• cargo capacity -2 to -5%

• operational costs (+)

• insurance costs (+)

• fuel costs (60-80% of HFO costs on an energy basis)

• The study concludes that LNG-fuelled ships are 
between 10 and 25% cheaper for, respectively, 
Panamax bulk ship operation outside a SECA, in a 
high relative fuel price scenario, and RO-PAX ship 
operation inside a SECA, in a low relative fuel price 
scenario.



Costs associated with LNG tank 
selection  loss of  capacity 

• Increased Fuel Storage Space:

• LNG storage tanks require more space than traditional fuel oil tanks, which may reduce cargo capacity depending on type of
vessel, the type of fuel tank and availability of a suitable location for the LNG tanks onboard or in a tank room within a ship.

• The challenges that exist in the storage of natural gas are:

• The low temperature which also require:
• Specially construction materials such as stainless steel and aluminum - Special insulation - Provision for the contraction of the tank

• Easy ignition and lower weight when it is warmer than the air require adequate ventilation and other safety measures

• Larger volume tanks

• Location of tanks

• The current regulatory approach is based on self-supporting tanks as defined in the IMO IGC code: type A (designed as ship
structures) and type B (prismatic or spherical) tanks are generally feasible for fuel gas tanks but their requirement for pressure
maintenance and secondary barrier raise problems which have not yet been solved in a technically and commercially sound way.
This may be a future solution for ships carrying large amounts of LNG as fuel. Hence IMO type C tanks (pressure vessels) turn
out to be the preferred solution for current designs.

• Additionally, besides the fact that LNG tanks require extra volume due to the low density of LNG and the tank’s shape and insulation, some
tank volume is required to be reserved for LNG expansion and for residual LNG (heel) in the empty tank to keep it cold. The tank’s relief
valve pressure drives the limit placed on the loading level.

• The reason for this is that LNG’s density decreases quickly as heat is absorbed, and its temperature and saturation pressure increase. The
higher the temperature (and corresponding saturation pressure), the lower the density. Current IMO regulations limit LNG tanks to 98% full at
the relief valve setting where it is the maximum allowable volume.

• Loading a tank with LNG at -162oC, when it is close to atmospheric pressure, is the desirable loading condition because at that condition
LNG can remain in the tank for the longest period of time before heat absorption raises the tank pressure to the relief valve setting. At this
initial loading condition, the LNG density will be at its highest value. Since the mass of LNG remains the same as the pressure is building
and the LNG density is going down (raising the level in the LNG tank), the ratio of the densities between the LNG when bunkered and when
at the 98% full limit determines the loading limit (the level the tank can be loaded while bunkering).

• The higher the relief valve pressure the lower the loading limit, but on the other hand, the higher the relief valve pressure, the longer the LNG
can stay in the tank. Besides the limit on filling, usable tank capacity is further reduced by the common practice of leaving LNG in the bottom
5% of the tank volume to continue boiling off, keeping the tank cold until the next bunkering. Cooling down an empty, warm tank before it can
be refilled with LNG takes a long time and is normally avoided



Types of  LNG tanks along with their 
characteristics 



Bunkering infrastructure: a 
barrier to LNG adoption

• One of the significant barriers to adopt LNG
as fuel is the fact that there is no
established bunkering infrastructure and
supply chain network in place that can
enable LNG delivery.

• Since the demand for LNG supply is still
not high in the commercial shipping
industry, the gas providers and bunker
suppliers do not want to invest in the
necessary infrastructure until they see an
increase in demand.

• At the same time, since the supply chain
and infrastructure are still not developed to
be able to deliver LNG, the ship owners are
not willing to invest in LNG-fuelled ships.
This is considered as one of the main
obstacles preventing of the widespread
adoption of LNG as fuel and reminds of the
classic chicken-and-egg problem.



Costs of  LNG port infrastructure

• The business model for LNG terminals in 
ports hinges on four factors:

• regional maritime demand for LNG (available 
liner shipping)

• availability and type of neighboring terminals

• demand by non-maritime stakeholders 
(road/inland navigation/industry/power 
generation)

• The last of these criteria has a major 
influence on the viability of any large import 
terminal that combines the supply of LNG to 
ships with import activities. The larger the 
terminal, the lower the distribution costs.

• However,  in any case the financial costs 
from an investment & operational  point of 
view are considerable in any case.



Bunkering infrastructure: a barrier to LNG 
adoption (cont.) 

• In order to solve the LNG infrastructure problem, it
is necessary that the port authorities, ship owners,
local communities and other stakeholders work
together on assessing the current and future
demand for LNG in ports to plan and to establish a
sufficient number of LNG infrastructures.

• Since many owners are willing to spend on LNG
propulsion, the number of LNG infrastructure will
increase. And as demand for LNG increases the
incremental cost of infrastructure will naturally
decline.

• Many governments have announced their support
for LNG as fuel for navigation. In Europe, for
example, the European Commission published in
January 2013 a new directive aimed at ensuring
new infrastructure for alternative clean fuels. The
project identifies LNG as the most convenient for
shipping fuel. Therefore, the European ports will be
able to provide sufficient LNG cargo services.

Source: Lloyd’s Register (2012)
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Summarizing  costs & benefits 
• Benefits:

• Considerably Improved revenue

• Improved environmental footprint, sufficient to 
comply with ANNEX VI IMO regulation

• Energy efficiency increase by installing low-
improving appendages during dry-docking

• Reduction of main engine maintenance hours 

• Less engine crew required 

• Cheaper lubricants 

• Cleaner engine room 

• No soot on decks – less cleaning and wash 
water needed 

• No need for exhaust cleaning devices or 
catalytic reactors

• Slightly lower noise level in engine room 

• Costs / uncertainties:

• Shipbuilding costs 

• Design & retrofit cost compared to switching to distillates 

• Time required for ship to be taken out of service for the 
retrofit operations

• Elongation may reduce the range of ports of call 

• Bunkering challenges

• Statutory challenges

• LNG fuel cost pricing challenges

• LNG infrastructure challenges

• More tank space required to accommodate enough LNG 
to cover all the itineraries

• Onshore bunkering logistics are still under development 

• Rules still under development 

• More sophisticated fuel equipment is required

• Public perception not fully known



Future outlook development  of  LNG 

• The world bunker market will certainly be split between the different solutions.

• LNG appears to be the more suitable solution in many cases.

• Certainly, the economics are not always in favor of LNG (depending on forecasted prices) but all aspects 
have to be addressed. 

• The development of LNG as bunker fuel will necessarily be progressive and slow. 

• In a first phase of development, short sea ships in ECA with fixed routes will develop a high proportion of 
new-build ferries and RO-ROs and a small share of new-build or existing product tankers. The ships will be 
impacted by the regulations in 2015 and competition between ship-owners is strong. Because of design and 
stability issues, many of these ships will not be able to install scrubbers. Many inland ships will run on LNG 
as well, which should increase the LNG quantities available in port in order to reach a certain scale. The 
expected volumes in 2020 represent between 3 and 5 Mtpa of LNG in the North Sea and the Baltic sea and 
the same volume in North America. Mediterranean ships could represent an additional 2 to 3 Mtpa by 2024 

• In a second phase, some deep sea liners will run on LNG. These will be mostly new-builds since retrofitting 
appears very challenging to perform. Major container-ship operators will first test this solution by ordering a 
few ships to run on LNG, but in view of the consumption, this would add up to significant volumes. If the 
tests prove positive on operational and economic aspects, container-ship owners will most likely decide to 
diversify their fuel and technological risks by switching part of their fleet to LNG. By 2020, deep-sea 
container ships are expected to represent only 2 Mtpa of LNG consumption but this will grow progressively 
to 5 Mtpa in 2020 and 15 Mtpa in 2036 .

• A third phase of development will start around 2025, once LNG is available in several ports in North 
America, Europe and Asia. Short sea ships without fixed routes but sailing in regions where LNG is 
available may then convert. Some deep sea VLCCs or Bulk carriers could run on LNG as well, but the need 
for flexibility in the routes could reduce this possibility. It is naturally difficult to predict the volumes at stake 
that might switch to LNG in this phase but it is unlikely that LNG will be a common fuel for these ships. A 
conservative estimation would be around 5-10 Mtpa by 2030



Conclusions 

• The introduction of any alternative energy source will take place at a very slow pace initially as technologies mature and 
necessary infrastructure becomes available

• LNG represents the first and most likely alternative fuel to be seen as a genuine replacement for HFO for ships built after 
2020. The adoption of LNG will be driven by fuel price developments, technology, increased availability of gas and the 
development of the appropriate infrastructure.

• Pricing does not seem to be a major issue. Most ship-owners are interested in securing the extra investments needed for 
LNG propulsion. So, discounted prices in relation to gasoil- or oil-indexed contracts for a given duration will ensure that ship-
owners meet their payback time expectations. Except for the odd unknowns, an substantial part of the LNG economic 
advantages could be then defined contractually. Oil indexed pricing for LNG is the industry standard for current contracts so it
seems that suppliers’ and ship-owners’ expectations could easily converge.

• There are a number of considerations and hazards associated with LNG as a fuel, from ship design and life cycle through to 
bunker operations and crew training. The rules appear to be based on each component within the system, rather than the 
entire gas supply chain operation, therefore several gaps exist which owners and operators should be aware of.

• Employing well-educated and trained professionals is essential to promote the safe, efficient and environmentally friendly use 
and supply of LNG as marine fuel. At present there is a significant shortage in the availability of suitably qualified personnel
and no established regulatory framework. There are also few educational institutions with the necessary resources to provide 
the training

• A clear, stable regulatory framework is essential to develop the market. It should address each part of the value chain: truck 
and ship transportation, storage and bunkering facilities, ships using gas as fuel, and transfers between them all. So far, 
many uncertainties subsist concerning regulations, which are clearly a barrier to development. Investments in building the 
supply chain have therefore an implicit regulatory risk that has to be reduced.

• A number of countries have found a good way to approach this issue. It involves cross-functional working groups with 
representatives from the industry and administration, an essential factor to allow regulations to develop relatively fast. It is in 
everybody’s interest for the different stakeholders to work together in order to move forward, ensure a stable regulatory 
framework and a safe supply chain to foster realistic and economically feasible development investments

• Many  costly investments must be made to launch the market. The investment capacities of many stakeholders along the 
supply chain might not be sufficient. Therefore funding programs, subsidies and/or tax benefits are needed to support the 
industry to create what is necessary for ship-owners to comply with regulations.



End of  
Session

Thank you for your 
attention!
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