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The SEAS project 
This report and the accompanying fuel emission calculator are the result of a collaboration between; 

Hafið2 – Centre of Excellence for Sustainable Use and Conservation of the Ocean, the University of 

the Faroe Islands1 and the University of Iceland3. The SEAS project is supported by NORA – the 
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Abbreviations 

AMOC - Atlantic meridional overturning circulation 

BOG – Boil off gas 

CO – Carbon monoxide 

CO2 – Carbon dioxide 

CO2eq – Carbon dioxide equivalent 

DECA – Domestic Emissions Control Area 

DME – Dimethyl ether 

ECA –  Emission Control Area 

GHG – Greenhouse gas 

GWP – Global warming potential 

HFO – Heavy fuel oil 

IMO – International Maritime Organisation 

KOH – Potassium hydroxide 

LNG – Liquefied natural gas 

LSFO – Low sulphur fuel oil 
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MARPOL – Marine Pollution Convention [IMO] 

MDO – Marine diesel oil 

MGO – Marine gas oil 

NaOH – Sodium hydroxide 

N2O – Nitrous oxide 

NORA – The Nordic Atlantic Cooperation 

NOx – Nitrogen oxides 

ODS – Ozone depleting substances 

PAH – Polycyclic aromatic hydrocarbon 

PM – Particulate matter 

ppm – parts per million 

rpm – Revolutions per minute 

RPT – Rapid phase transition 

SEAS – Sustainable Environmental Arctic Shipping 

SECA – Sulphur Emission Control Area 

SO2 – Sulphur dioxide 

SOX – Oxides of sulphur 

THC -  Total unburned hydrocarbon 

VOC – Volatile organic compound 
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Introduction 
On May the 9’th 2013 the CO2 reading on top of the Mauna Loa Observatory surpassed 400 ppm for 

the first time since records began at Mauna Loa Observatory in 1958. This marks an increase of 

approximately 100 ppm in the same timeframe [1]. While some still argue that climate change is not 

real, most scientists agree, that the rise in CO2 and other greenhouse gases has caused an increase in 

globally averaged temperature of 0.85 °C over the period 1880 to 2012 [2]. There are concerns that 

the Atlantic meridional overturning circulation, AMOC [3] is slowing down, possibly caused by 

climate change. The consequences for the Arctic region of slowing down the warming Gulf stream 

are not known at present, but the fear is that the weather will become more unstable with an 

increase in storms and that the wildlife and fishery in the region will be negatively affected [4]. 

At present the Arctic sea ice area is at the eighth lowest on record [5] and the idea of a Northwest 

passage is no longer implausible [6]. With the Arctic ice shelf receding and human activity increasing 

in the area, so does the risk of pollution increase. This is something that SEAS, Sustainable 

Environmental Arctic Shipping, wants to address. Part of the project is to develop an open simulator 

to calculate emissions of renewable marine fuels in comparison to fossil fuels. 

In this part of the project, alternative marine fuels are examined, comparing bio fuels and greener 

fossil fuels and delving into some of the pit falls of choosing a marine fuel. 

A selection of alternative fuel options will be addressed in the report while the SEAS calculator [7] 

offers emission calculations for comparison between marine gas oil, heavy fuel oil, methanol and 

biodiesel. 

The current fuel type in use is selected in the drop-down list and the consumption of that fuel per 24 

hours is entered in the window below, then the calculator will calculate the estimated emissions and 

show calculated estimates for alternative fuels. 



                                     
 
 

 
                                     Supported by: 

 

Figure 1 Hold Ctrl and click on calculator to activate online (http://hafid.info/seas-simulator/) 

 

  

http://hafid.info/seas-simulator/
http://hafid.info/seas-simulator/
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Legislation 
The main governing body for activities at sea is the IMO – the International Maritime Organization –  

which describes itself as “the United Nations specialized agency with responsibility for the safety and 

security of shipping and the prevention of marine pollution by ships” [8]. IMO currently has 

172 Member States and three Associate Members, 64 intergovernmental organizations which have 

signed agreements of cooperation with IMO and 79 international non-governmental organizations in 

consultative status with IMO [9]. 

MARPOL1,  also known as “The International Convention for the Prevention of Pollution from Ships” 

was developed by the IMO. Annex VI to MARPOL, “The regulations for the Prevention of Air Pollution 

from ships” seeks to minimize airborne emissions from ships such as SOx, NOx, ODS and VOC 

shipboard incineration. In terms of fuel choices, the relevant emissions are that of NOx and SOx. 

Sulphur oxides (SOx) 
The global limit on sulphur content in marine fuel is currently 3.5 % by mass. This limit will be 

lowered down to 0.50 % on 1. January 2020 or 1. January 2025, depending on the outcome of a 

review, to be concluded by 2018. Inside Emission Controlled Areas, ECA’s, the limit was lowered to 

0.10 % on the 1. January 2015. 

So far ECA’s have been established in the Baltic Sea, the North Sea, The North American area and the 

United States Caribbean area [10]. The Baltic Sea and the North Sea are commonly known as SECA’s 

which stands for Sulphur Emission Control Areas. 

A ship may be allowed to use alternative methods such as SOx scrubbers for compliance with the SOx 

limits [11]. 

  

                                                           
1 MARPOL is short for Marine Pollution. 
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Nitrogen Oxides (NOx) 
NOx requirements apply to marine diesel engines with output power over 130 kW. Depending on the 

construction date of the ship, different levels or tiers apply. The NOx limit is determined from the 

engine’s rated speed, rpm. 

 Tier 
Ship construction 

date on or after 

Total weighted cycle emission limit (g/kWh) 

n = engine’s rated speed (rpm) 

n < 130 n = 130 – 1999 n ≥ 2000 

I 1 January 2000 17.0 
45·n(-0.2) 

e.g., 720 rpm – 12.1 
9.8 

II 1 January 2011 14.4 
44·n(-0.23) 

e.g., 720 rpm – 9.7 
7.7 

III 1 January 2016 3.4 
9·n(-0.2) 

e.g., 720 rpm – 2.4 
2.0 

Table 1 from IMO.org [12] 

Tier III applies in the ECA’s that are established to limit NOx emissions, i.e. the North American ECA 

and the United States Caribbean Sea ECA [12]. 

DECA’s 
Outside of MARPOL, China has established Domestic Emission Control Area (DECA) regulations with 

fuel sulphur limits of 0.50 % while at berth. Currently limits are implemented in 11 core ports in 

China and in 2019 the regulations are extended to cover all ships out to 12 nautical miles in DECA 

waters [13], [14]. 

  

https://www.nrdc.org/experts/barbara-finamore/china-acts-control-shipping-air-pollution-and-greenhouse-gas-emissions
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Biodiesel  

Introduction 
First generation biodiesel is produced through esterification of vegetable oils or animal fats with 

alcohols, usually Ethanol or Methanol in the presence of a catalyst such as Sodium Hydroxide, NaOH, 

or Potassium Hydroxide, KOH, to produce Biodiesel and Glycerine/Glycerol. It is commercially 

available and well regulated; in the US biodiesel is regulated by the ASTM D 6751 specifications, 

while in the EU the Biodiesel is regulated by the EN14214. In the US the production of biodiesel is 

estimated to be 2890 million gallons or 10 million tonnes of oil equivalent in 2016, [15] and in EU the 

production is up to 6.1 million tonnes [16]. It is commercially available all over the US and EU. 

Biodiesel is reported to have a specific energy around 37.5 MJ/kg which is slightly lower than that of 

Marine diesel with 42 MJ/kg and Heavy Fuel Oil having 40 MJ/kg [17]. 

Feedstock  
Biodiesel is made from a range of feedstock, in Europe it is mainly rapeseed oil [18], while in US it is 

soy oil [19], that is the prevalent choice for feedstock. Other commonly used sources are canola oil, 

palm oil, used cooking oils and animal fats. One of the problems with first generation biodiesel is 

that the feedstock is food crops. This might lead to biodiesel production displacing food production 

to non-agricultural land [20]. As a consequence of this, new EU regulations [21] amended the 

legislations to combat indirect land use change. In addition, other types of feedstock have and are 

currently being developed. Oil crops like Jatropha are inedible and grow in areas that are unsuitable 

for food crops [22]. Algae have shown great potential, since it is grown at sea and does not compete 

with food crops for land [23]. Research is also made on residual agricultural biomass also known as 

lignocellulosic biomass [24],  [25] and wood waste [26]. 

Biodiesel in engines  
Biodiesel is promising because it is a drop-in fuel, it can be used by most diesel engines with little or 

no modifications to existing machinery [17]. Some issues are with older rubber seals, as the biodiesel 

can dissolve those [27]. There is also the fact that biodiesel can dissolve old petroleum diesel 

deposits and cause plugging in the engines [27], [28]. Finally, there are some issues with biodiesel 

being more water soluble than regular petroleum diesel [29]. The added water content can lead to 

corrosion and growth of matter. 

Environmental Impact in use 
Biodiesel is virtually sulphur free and has been shown to have lower emissions on most counts apart 

from NOx, which can increase up to 10 % [30]. It is often claimed to be carbon neutral, but this is 

highly dependent on the choice of feedstock and the process of converting the oil/fat to biodiesel 

[31], [32]. In some cases, the CO2 emissions increase. Biodiesel is also biodegradable and degrades 

2.5 times faster than petroleum diesel [30], leading to easier clean up in the case of spillage. It is said 

that biodiesel is non-toxic, but this has yet to be proven. 

Biodiesel in Marine Vessels 
In 2004 the Washington State Ferry System had a pilot biodiesel fuel test with 20 % soy biodiesel and 

80 % low sulphur diesel, B20. The trials were suspended because of ongoing excessive clogging 

problems. In 2008 a Demonstration Project [28] was started in collaboration with Washington State 

http://ec.europa.eu/energy/node/75
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University, University of Idaho, Imperium Renewables, Inc. and The Glostein Associates. During this 

project, the same three ferries tested blends of 5, 10 and 20 % soy-, canola- and tallow based 

biodiesel mixed with Ultra Low Sulphur Diesel. There were some problems reported during the trials, 

mainly gelling, microbial growth and clogging of the filters. These issues were mitigated by adding 

pesticides to the blends, and frequent filter changes. In December 2008, the temperatures went 

below 20˚F ( -7˚C) and the ferries running on canola- and tallow- blends switched to 100 % Ultra Low 

Sulphur Diesel until next refuel. The project demonstrated that it was possible to use B20 biodiesel 

in marine conditions all year round if certain measures were taken, such as adding biocides to the 

blend, thorough cleaning of the tank before switching to bioblend and frequent filter changes. 

The BioMer project [30] was a joint undertaking by Maritime Innovation, Sine Nomine Group and 

Rothsay where four Montréal cruise companies provided 12 boats for biofuel trials. Rothsay 

delivered the B100 biodiesel made from recycled cooking oil and in accordance with the ASTM D 

6751 criteria for fuel quality. The project ran from mid-May to mid-October in 2004 and during that 

time the only problem seemed to be filter clogging. This problem was solved by changing filters 

more frequently. Trials were made mainly with B100 although B5, B10 and B20 were also used. The 

recommendations after the trials were to start out with B20 before changing to B100, tune the 

engines to the biodiesel and increase filter change frequency. Measurements were done on the 

emissions in the field and in laboratory and showed significant reductions for PM, CO, THC, SO2 and 

PAHs in comparison to regular petroleum diesel. NOx was 10% higher for B100. Lifecycle analysis 

showed a GHG reduction of 3.05 kg of CO2eq for 1 l of B100. Put in context, if all the tour boats ran on 

B100 throughout the season it would correspond to removing 266 cars driving 20 000 km pr. year 

from the roads. 

In Denmark, the ferry “Bitten Clausen” ran on offal derived B25 for 6 months in the winter of 

2010/2011 [33]. While the project was a technical success, what was initially intended to be a 3-year 

EU-project, ended early because of financial and bureaucratic difficulties [34]. During the 6 months, 

no problems were encountered, and emissions were reduced. As a precaution, the fuel filters were 

changed every 20 hours for the first 72 hours. 

In Norway, the first biodiesel plug-in hybrid ferry “MF Hornstind” will be put in regular service in the 

summer 2017 [35]. The ferry runs on 2.-generation B100 biodiesel and has an additional 500 kWh 

battery for supplementary power. 

Several other marine vessels have had trials or completely switched over to biodiesel or blends. The 

NOAA Great Lakes Environmental Research Laboratory has their three largest research vessels 

running on B100 [36]. And in the reports from Norwegian environmental organization Zero [17], [25] 

other biodiesel projects are described. 

Discussion 
It has been demonstrated that biodiesel can replace petroleum diesel in marine environments. For 

this swap to be successful, certain measurements must be taken. One should ensure that rubber 

seals are able to withstand the corrosive biodiesel and thoroughly clean the fuel tanks before 

switching. It is also recommended to start with a lower blend and change the filters more frequently, 

especially during the initial phase, before switching to pure biodiesel. If microbial growth starts to 



                                     
 
 

 
                                     Supported by: 

cause plugging problems, it is recommended to add biocides to the fuel. Biodiesel has a higher cloud 

point than regular diesel which can cause problems in colder environments. 

Biodiesel can have a much better environmental profile than regular petroleum diesel. Biodiesel has 

been shown to have lower emissions of PM, CO, THC, SO2 and PAHs but higher NOx emission, which 

can be mitigated. On the subject of CO2 emissions, it is very much dependant on the feedstock and 

the production method, but with the right choices, reductions can be substantial. 

The choice of feedstock also has wider implications. One must consider if the usage of food crops 

and/or agricultural land to produce fuel is the right thing to do. Moving the feedstock production to 

non-arable land or to the sea will make the biodiesel production more ethical, and this could also 

make it possible to produce biodiesel in large enough quantities to have a real impact. Also, further 

developments of other methods, where the feedstock is of non-edible sources would improve the 

ethical implications of choosing biodiesel. 

In conclusion, it seems that biodiesel could work as a fuel replacement in the marine environment in 

the Artic, but it needs to be properly tested first under the often harsh conditions there.  

  



                                     
 
 

 
                                     Supported by: 

Methanol 

Introduction 
Methanol is a clean burning alcohol, that is liquid at ambient temperatures [37]. It is mainly derived 

from fossil fuel, but can also use renewable sources as feedstock [38]. Methanol is used worldwide, 

mainly in the chemical industry and global demand for methanol in 2016 was estimated to be 

around 80 million metric tonnes or 99 million m3 [39]. Methanol has a specific energy around 20 

MJ/kg [40]. 

Feedstock 
“Methanol can be made from virtually anything that is, or ever was, a plant.”- (Methanol Institute). 

From the fossil side of things, methanol is predominantly made from synthesis gas, that is produced 

from natural gas or gasification of coal. Methanol is also manufactured from renewable sources by 

gasification of biomass or landfill gas [38], [41], or by combining carbon captured from powerplants 

combined with hydrogen from electrolysis of water [42]. 

Methanol in engines 
The SPIRETH project found that it was feasible to retrofit standard diesel engines to run dual-fuel 

with methanol as the main fuel and a small amount of marine fuel injected as pilot fuel for ignition 

[43]. 

Methanol is toxic to inhale or ingest and it absorbs through skin contact [44], [45]. To avoid contact 

with methanol during repairs and maintenance, one solution is to design the engines so they can be 

purged with nitrogen [40].  

Methanol is a solvent and corrodes metals and care must be taken in choice of materials for seals 

and coatings [46]. 

Methanol burns with an invisible flame and no smoke, which must be considered in fire prevention, 

detection and extinction [45]. And because methanol is a low-flashpoint fuel, extra safety 

precautions must be taken [47]. 

With specific energy being around 20 MJ/kg [40] methanol only carries half the energy of Marine 

diesel with 42 MJ/kg and Heavy Fuel Oil with 40 MJ/kg, [17]. To compensate for the lower energy, 

the methanol tank has to be twice the size of a regular tank. 

Environmental impact 
Methanol burns cleanly and has very little harmful emission on its own. In case of spillage, methanol 

dissolves quickly in water and is considered non-toxic to marine life [44]. The environmental impact 

of methanol can be found at the other end of the cycle, mainly from the choice of feedstock and 

production of methanol. Fossil fuel feedstock and production with fossil fuel energy can quickly lead 

to an increase in GHG emissions in comparison to regular marine fuel while renewable sources and 

production methods lead to substantial reduction in GHG emissions [48]. Carbon Recycling 

International in Iceland reports that their methanol has a CO2 reduction of around 90 % in 

comparison to gasoline or diesel [42].  
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Methanol in Marine Vessels 
The SPIRETH project [43],[37] performed lab tests on a full scale diesel engine running on methanol 

with a pilot fuel ignition system. A method was developed for retrofitting the diesel engine to run on 

methanol. Within the SPIRETH project, the RoPax ferry Stena Scanrail had an auxillary diesel engine 

adapted to run on DME fuel mix. Onboard, methanol was converted to DME in a conversion process 

plant from Haldor Topsøe. 

The knowledge gained from the SPIRETH project was in turn used to convert the 4 Wärtsilä diesel 

engines onboard the Stena Germanica passenger ferry to a dual-fuel engine [37], running on 

methanol with MGO as a pilot fuel. The engines could also run on MGO only. The results were 

engines that run with a higher efficiency on methanol than on MGO only and reductions in NOx and 

PM in comparison to low sulphur diesel fuel. The NOx and PM emissions came from the pilot fuel, 

formaldehyde emissions were below the German TA-luft air pollution control regulation, and no 

formic acid was detected. NOx was below Tier-II but above Tier-III regulations [49]. 

Waterfront Shipping Company Ltd., Marinvest/Skagerack Invest, Westfal-Larsen Management, and 

Mitsui O.S.K. Lines, Ltd. took delivery of the first Korean and Japanese built methanol-fuelled ocean 

tankers, the Lindanger, Mari Jone and Taranaki Sun in April 2016 [50]. Later in the year the 

remaining 4 tankers were delivered [51],[52]. The 7 tankers are equipped with MAN B&W ME-LGI 2-

stroke dual fuel engines, running on methanol, fuel oil, marine diesel oil or gas oil. When operating 

on methanol, the engine uses HFO, MDO, or MGO as a pilot fuel. Tests show significant reductions in 

emissions of CO2, NOx and SOx and methanol slip is eliminated. The engine is reported to run with 

the same or slightly better efficiency on methanol compared to conventional HFO-burning engines. 

Discussion 
Methanol has been shown to be a viable candidate as a marine fuel. Production facilities are spread 

all over the world and a distribution network is already in place, as methanol is used widely in the 

chemical industry and has been transported at sea for around 100 years [53]. 

In the transition from marine cargo to marine fuel, some considerations have to be taken, especially 

in terms of fire and exposure hazards, but also in terms of engine design and development of 

procedures and regulations. With the Stena Germanica much of the groundworks for the switch to 

marine methanol fuel has been done [40].  

The immediate advantage of methanol fuel is that it has lower emissions of PM, SOx and NOx and is 

satisfying the SECA and ECA regulations, and with some NOx mitigations, emissions satisfy the Tier III 

regulations as well [49]. 

Most methanol is produced from fossil fuel, and has a GHG emission level around the same as 

regular fossil fuels. But with emerging technologies in carbon capturing and methanol from biomass, 

it is possible to substantially lower the GHG emissions, making methanol a truly green alternative 

[42]. 

One thing holding methanol back as marine fuel, is the cost. When oil prices are high, methanol is a 

viable option, but when oil prices are low, one has to rely on other incentives to make methanol an 

attractive choice. With the new regulations for emissions at sea, ship owners have to take steps to 
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follow these and retrofitting to methanol fuel has been shown to be cost competitive with other 

emission reducing strategies [48]. 

In conclusion, methanol seems a suitable substitute for regular marine fuels in the Arctic region with 

its low emissions during use and fast biodegradability in case of spillage. 
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Ethanol 

Introduction 
Ethanol is mainly produced by fermentation of sugary or starchy biomass. In 2016 117 million m3 

were produced globally with 99.3 million m3 used for fuel. The remaining alcohol was used for 

drinking, medicinal or industrial purposes [54]. The US is the largest producer of ethanol with a 

production of 15.250 million gallons or 57.728 million litres, Brazil produces 7.295 million gallons or 

27.615 million litres and the EU produces 1.377 million gallons or 5.213 million litres [55]. 

Ethanol is commercially available as fuel, most often as a blend with petrol, ranging from E10, where 

10 % ethanol is added to the petrol for improved combustion, to E85 that is used in flex fuel vehicles. 

Ethanol has a specific energy around 25 MJ/kg [56].  

Feedstock 
Ethanol can be made from most agricultural products. In Europe it is mainly made from grains and 

sugar beet derivatives [18], while in the US, corn is the main feedstock [57] and Brazil relies on 

sugarcanes for its ethanol production [58]. 

Ethanol is largely made from food crops, and as such the issue of food vs fuel arises. This has led to 

the development of second generation ethanol, made from agricultural waste and lignocellulosic 

[59]. 

Ethanol in engines  
The properties of ethanol are very different from those of diesel. It does not have the lubricating 

qualities needed for a diesel engine and ethanol also has a much lower cetane number than diesel 

[60]. The materials choices are important, and the engine must be designed and timed for ethanol. 

Scania has developed diesel engines for busses, that run on an ED95 fuel (95 % ethanol) and 

Dongfeng has produced busses that run on E100 [61]. 

Environmental Impact in use 
Ethanol is used in a variety of commercial blends with petrol to enhance the environmental profile of 

the petrol. Ethanol contains oxygen which improves the combustion of petrol, leading to lower 

emissions of particulate matters [62], [63]. Theoretically, adding even smaller amounts of ethanol to 

petrol or diesel, should reduce most harmful emissions with the exceptions of NOx, evaporative 

emissions and aldehyde. Unfortunately, emissions tests of various low blends [63], show little and 

inconsistent changes in emissions. The only constant reduction is in particulate matters.  

Pure ethanol or blends with high concentrations of ethanol, such as E85 or ED95, do have a much 

better emissions profile [63]. In terms of greenhouse gases, this depends on the choice of feedstock.  

The calculation of GHG emissions are complex but in general, ethanol from corn has the highest GHG 

emissions, sugarcane ethanol somewhat lower emissions and cellulosic ethanol has the lowest GHG 

emissions [64]. 

In case of spillage in marine environments, ethanol is completely water soluble and dissipates 

quickly. It is also considered non-toxic to marine life [65]. 
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Ethanol in Practical Use 
There is no documented experience with pure or high blend ethanol as fuel in marine environments. 

Low level blends of ethanol and petroleum are being used in recreational boats, with varying degree 

of success. The hygroscopic qualities of ethanol, lead to water being absorbed in the fuel. This water 

corrodes the engines and fuel tanks, and as the water content increases, the ethanol separates from 

the petroleum, causing stalling of the engines and irate boat owners [66]. 

The BEST project tested the use of ethanol in specially designed diesel engines from Scania in buses 

in several countries in Europe, in Brazil and in China [61]. The fuel used was pure ethanol, E100 or a 

specific blend ED95, with 95 % ethanol and 5 % additives from Swedish company SEKAB. Apart from 

some initial problems, such as the engines being constructed for cold climates and needing 

modifications for warmer climates in Brazil, the technical part of the project seemed a success. 

There was a need for a higher rate of maintenance and refuelling [67]. 

Discussion 
Unfortunately, there is little to no documented experience on using ethanol in larger marine vessels, 

and what exists on ethanol blends in smaller recreational boats is not encouraging. That is not to 

say, that ethanol should or could not be used as marine fuel, only that it will take more research and 

further development of ethanol running engines. On land, there are diesel engines especially 

designed for pure or high blends of ethanol, that are running well. The question is, how would these 

engines perform in a marine environment? 

The environmental profile of ethanol really depends on the choice of feedstock, some types promise 

as much as 79 % reduction in greenhouse gases [61], while other types might actually increase the 

GHG [68]. And when it comes to low level blends, it seems to be a coin toss, whether the emissions 

increase or decrease. 

The conclusion must be that ethanol needs more research before one can decide whether ethanol is 

suitable or not for marine fuel. 
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Liquified Natural Gas (LNG) 

Introduction 
LNG is natural gas, cooled down to around -162 ˚C. At this temperature, the gas enters a liquid state 

and the volume is 600 times smaller than the equivalent volume at gaseous state [69] and can easily 

be transported. LNG is a clear, colourless, odourless liquid which is neither corrosive nor toxic. LNG 

in liquid form is used for fuel and after regasification it is used for cooking, heating and industrial 

purposes. LNG is used worldwide and in 2016 the LNG trade volume totalled 347 billion m3 [70]. 

LNG has a specific energy around 55 MJ/kg [71]. 

Feedstock 
LNG, as the name states, is made from liquified natural gas. The natural gas is produced from the 

underground reservoir, and is then cleansed, purified and chilled through various stages [72]. The 

end result is a liquid consisting mainly of methane, with smaller amounts of ethane, propane and 

butane and possibly trace elements of other components. The exact composition depends on the 

source and processing [73].  

LNG in engines  
LNG needs to be stored in double-walled storage tanks, as it is stored as a “boiling cryogen” at 

around -162˚C and at atmospheric pressure. Piping also needs to be double walled and the choice of 

materials is important, as some materials turn brittle at these low temperatures [74]. Regardless of 

how well the tanks are insulated, some heat will penetrate the insulation and heat up the LNG. To 

keep the LNG at -162 ˚C, the boil off gas (BOG) must be vented from the storage tanks [75]. Venting 

the BOG into the atmosphere is only allowed in case of emergency.  Instead the BOG is either used 

as fuel or it can be cooled down again and reintroduced into the storage tanks again as LNG [76]. 

The liquid gas is regasified and then injected into the engine. There it can be burned as a single fuel, 

with the aid of a pilot fuel or as part of a dual-fuel system, dependant on the choice of engine.  

Technically, it is straight forward to implement the use of LNG. Engine manufacturer Wärtsilä has 

developed methods for retrofitting some of their regular diesel engines to run on LNG at costs that 

are competitive with fitting new engines. They also manufacture new LNG engines [77]. Besides 

Wärtsilä, some of the other manufacturers of LNG marine engines are Man Diesel & Turbo [78], Rolls 

Royce [79] and Caterpillar [80]. 

In liquid state, LNG is not flammable, but it can cause serious freezer burns in case of skin contact. In 

case of leakage, as the LNG evaporates it expands 600 times and displaces air, possibly causing 

asphyxiation and/or ignite and cause explosions [81]. If larger quantities of LNG leak out onto a 

warm surface such as water, the LNG can transition from liquid to gas in a Rapid Phase Transition 

(RPT). The RPT can generate blast pressures comparable to explosions in the air and under water 

[82]. Because of this somewhat “alien” behaviour of LNG in comparison to conventional marine 

fuels, the crew must be properly trained in handling LNG. The safety measures are many, including 

gas leak detection and- emergency shutdown systems. Un the upside, thanks to the clean burning of 

gas, the engine remains pristine and maintenance is less. 
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LNG has a volumetric energy density that is 60 % of that of regular diesel fuel [83] which must be 

kept in mind when designing or retrofitting the fuel tank. 

Environmental Impact 
Part of the pre-treatment and liquefaction process of LNG is to remove sulphur, mercury, water and 

other unwanted components of the natural gas [72] resulting in a liquid mainly consisting of 

methane and some ethane. The reported LNG emissions are very low when compared to those of 

heavy fuel oil (HFO). NOx is between 15 and 25 % of HFO, SOx between <1 and 45 % and PM between 

15 and 35 %. The ranges are dependent on the vessel type. CO2 emissions are reduced by 25 % [84]. 

In case of spillage, the gas is lighter than air and would dissipate into the atmosphere with no local 

damage done. One crucial point to remember is that methane is a very powerful GHG, it has a global 

warming potential (GWP) of 25 [85]. In other words, 1 kg of methane has the same effect as 25 kg of 

CO2 in terms of global warming. Spills and leaks should be minimized, but also the occurrence of 

“methane slip”. The latter is when methane gas is not completely combusted in the engine and 

“slips” out with the exhaust. Methane slip is minimized through engine design. 

LNG in Marine Vessels 
In March 2017, the number of LNG fuelled vessel in-service and on-order reached 200 [86]. In 

addition the number of LNG carriers has reached 500 [87]. LNG World Shipping 2017 has conducted 

the survey, charting the status of the current LNG fleet [86]. The LNG fuelled fleet is broken into four 

categories. The in-service fleet comprises of 40 passenger ships, 19 tankers and bulk carriers, 10 

containers and dry cargo ships, and 33 service and supply ships [88].  

Discussion 
With around 600 marine vessels currently running on LNG, one can with some confidence say, that 

the LNG propulsion technology has matured and been proven. And in the process, safety concerns, 

handling practises, certifications and legislations have been dealt with. At present the challenge lies 

within the distribution network for ships. While Norway has a well-developed distribution grid along 

the coast, this is not the case everywhere else [89]. 

LNG has become increasingly popular thanks to the tightening of emissions legislations. With low 

emissions in SOx, NOx and PM, ships running on LNG satisfy the criteria for entering ECA’s and SECA’s 

in addition to satisfying Tier II and in some cases Tier III criteria without any additional abatements. 

LNG is also an economically viable choice, pricewise located between HFO and LSFO. 

The drawback with LNG is that it is primarily a fossil fuel at present time. A 25 % reduction in CO2 is 

an improvement, but spills and leaks could easily wipe out this deficit with methane having a GWP of 

25 [85]. Bio gas plants are increasing [90] and LNG from bio gas would be a greener alternative. The 

question is if there is enough bio gas to go around. Most of the bio gas is used in the power grids or 

as bio gas fuel at present.  

In conclusion, LNG is a suitable marine fuel locally for the Arctic region with its low emissions and 

fast dissipation and non-toxicity in case of spillage. But in terms of climate change and GHG 

emissions, LNG might not be “green enough”. 

https://en.wikipedia.org/wiki/Energy_density
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Summary 
There are several factors to consider, when choosing a “greener” marine fuel. Cost and emission 

regulations are probably the foremost factors, but safety, reliability and availability are also 

important. The choice of fuel is a difficult one and there is no “one size fits all”. Four types of fuel 

were examined, biodiesel, ethanol, methanol and LNG, each with their own pro’s and con’s. 

Biodiesel and ethanol are predominantly biofuels, while methanol and LNG are mostly fossil fuels. 

Cost 
In terms of fuel cost, the alternative fuels are competing against the fuels currently in use, namely 

HFO and MGO. Price wise ($ per MWh) the fossil fuels, methanol and LNG, are currently the better 

options. LNG is located somewhere between HFO and MGO while methanol is fluctuating around 

MGO [37]. Ethanol and biodiesel are roughly around the same cost and more expensive than the 

other fuels [91].  

Emissions 
Emissions can be divided into GHG’s and local emissions, such as SOx and NOx. The ECA, SECA and 

DECA [10], [12], [13] regulations mainly deal with local emissions. All four fuels comply with the SOx 

requirements of SECA and DECA. For the ECA’s or NOx restrictions, LNG and methanol comply with 

Tier II levels.  With abatements such as scrubbers, all four fuels can comply with ECA and Tier III 

regulations [37], [48], [84], [92]. 

Looking at GHG’s, one would assume that biofuels outperform fossil fuels in terms of CO2 emissions. 

But when one starts to dig deeper, this is certainly not always true and great care needs to be taken 

in choice of fuel feedstock. Calculations show that when forest and grassland is converted to new 

cropland, so much CO2 can be released, that it can take decades and even more than a century 

before an actual CO2 reduction can be seen [68]. Methanol and LNG do offer reductions in CO2 

emissions, but again, one has to take care in choosing fuels from the right suppliers as some 

production methods increase the emissions. Biomethanol, carbon capture methanol and LNG from 

biogas can offer substantial emission reductions [48],[42]. 

And then there is the issue of food vs fuel. Biofuels are often made from food sources, which can be 

difficult to justify. Work is being made into producing fuels from other feedstocks, such as algae and 

cellulose material as ways to work around the food vs fuel and the problems with arable land [23], 

[59]. 

Safety 
The main safety concerns are different, depending on the fuel chosen. In terms of fire, methanol and 

ethanol burn with invisible flames, requiring special fire detectors [45], [37]. And LNG, being stored 

at -162 ˚C, must be kept in double walled tanks and pipes, with the possibility of BOG to be vented, 

burned or re-liquified [74]–[76].  

For human handling biodiesel is considered nontoxic [27], ethanol and methanol are considered 

toxic to handle, with methanol being more toxic [37]. LNG has specific requirements as a cryogenic 

fluid. It expands 600 times when evaporating, possibly displacing air and causing asphyxiation [81]. 
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In case of spills, methanol, ethanol and LNG will dissipate or evaporate quickly with little or no 

toxicity to marine life [44], [65] but LNG is a powerful greenhouse gas with a GWP of 25 [85]. 

Biodiesel is considered safer than regular diesel, but measures still need to be taken [30]. 

Reliability 
In terms of engine conversion, the biodiesel seems to be the easiest option. It behaves very much 

like regular diesel fuel, and after changing seals for biodiesel seals and frequent filter changes in the 

beginning, one is good to go [17]. The other fuels require more extensive adaptations if retrofitting is 

possible [43], [77]–[80].  The lower energy content of the alternative fuels must be considered, one 

has to allow for larger fuel tanks [40], [56], [71]. 

Biodiesel, methanol and LNG have been tried and tested as marine fuels [30],[42], [85] while little or 

no research exists on ethanol as a marine fuel. LNG is technically the most mature, followed by 

methanol.  Biodiesel technology is still somewhat immature, and ethanol is unknown in this context, 

although it is successfully used on land as fuel [67]. 

Availability 
One of the things to keep in mind when choosing a fuel, is that of availability. Bunkering facilities for 

the four fuels examined here are not as abundant as for regular marine fuels. Refuelling must 

sometimes be done by trucks, bunkering vessels or in some other way.  

Conclusion 
The four fuels examined each have their own strengths and weaknesses, just like all the other 

alternative marine fuels not mentioned here, and the fuel choice depends on what is needed. One 

must thoroughly examine all the options before choosing. It doesn’t help the fuel choice, that so 

little actual information can be found, comparing the various fuels in term of cost, emissions savings, 

energy content and that the information is scattered. The costs vary according to oil prices, crop 

prices and a multitude of other parameters, while the emissions are influenced by production 

methods, source and engine types. The most reliable parameter seems to be that of energy content, 

and even there, the numbers differ. The SEAS simulator/calculator [7] is an attempt to supply such a 

comparison tool. Although this first edition of the SEAS fuel emissions calculator is relatively simple, 

the SEAS team are keen on continuing the collaboration to develop a simulator/calculator that offers 

several engine and ship parameters, more fuel choices and additional emissions and environmental 

factors. Hopes are that this will be continued and addressed in a new project. 
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