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Preface 

During the course of my studies at the TU Delft I have always been interested in new 

technological developments and their application in modern society. This has also been 

part of the reason why I have chosen to research the application of LNG fuel for shi ps as 

the subject for my master thesis.  

Working together with the Port of Rotterdam enabled me to visit several conferences on 

LNG and allowed me learn many interesting facts from some of the foremost experts on 

LNG fuel. My visit to Stavanger in Norway l ed me to confirm my opinion that LNG is 

indeed a very interesting option in the struggle to meet emission demands.  

Working on a subject which is as actual I have come across many exiting aspects of the 

port and shipping industries. It has become clear that  EU efforts to reduce harmful 

emissions from sea vessels in the EU waters can have far stretching consequences for 

Ports and many other marine based industries and that these may permanently from how 

we know them today. Hopefully these efforts will not be in vain, and will help to improve 

the environment we all live in.  

I want to express my gratitude to my colleagues at the Port of Rotterdam, who gave me 

the opportunity to experience working for the largest Port in Europe. I want to thank DNV 

for their hel p and input during the initial phase of this project. Also I want to thank the 

members of my thesis committee, whose criticism and encouragement has been very 

supportive. Lastly I want to thank my father for his help and support.  

 

Adriaan de Ruiter, May 20 10  
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Abstract 

 

This report is divided into 3 parts. Part 1 comprises the project definition and the 

theoretical framework along which the research setup is determined. Part 2 

comprises an elaborate a nalysis on LNG fuel versus oil. Part 3 consists of the design 

of the LNG system in Rotterdam and the final answers to the research questions.  

 

Part1  

 

LNG is a clean burning fossil fuel which overall, compared to marine diesel fuelled 

systems of similar propulsion capacity, produces 20% less CO 2, 90% less SO x, 80% 

less NO x and 100% less particulate matter (PM).  

The four main drivers for this project are the following:  

1)  Regulations restricting the maximum allowed amount of CO 2,  SOx, NO x and PM 

into the air of European coastal waters and the Port of Rotterdam.  

2)  The increased focus of the Port of Rotterdam on LNG with the development of 

the GATE terminal meaning a potential source of LNG fuel.  

3)  In Norway LNG fuel has been applied successfully and safely in marin e vessels 

for over a decade and has led to a high level of technological development.  

4)  The historically increasing price level of low sulfur marine oil based diesel fuel 

as a result of production capacity limitations, opposed to a predicted 

decreasing price  level for LNG worldwide due to oversupply and increasing 

production capacity.  

 

This report sets out to answer whether it is likely to replace at least a part of the 

current liquid fuel system by a LNG based fuel system to be used by ships visiting 

the Por t of Rotterdam.  

The theory set out in the theoretical framework, based on Strategic Niche 

Management (SNM), acknowledges the fact that developments on a governmental 

level can pressure a certain industry and its related technological regime, to create a 

window of opportunity for other technologies to replace the old system. The new 

replacing technology should be thusly developed that it is in its mature stage and 

sufficiently aligned, tested and with proven results. Additionally the new technology 

should r equire minimal changes or investments in order for it to enjoy greater 

support from key stakeholders, for it to enter the regime level.  

 

 

Part 2  

 

In accordance to the theoretical framework, the second part of this report sets out to 

indentify the level of development of LNG fuel technology and the main adaptations 

required in order for LNG fuel to enter the regime level. In order to do so, and based  

on the fossil fuel value chain, the liquid fuel supply system in Rotterdam is compared 

to the LNG fuel supply system in Norway.  
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The Port of Rotterdam has a high number of vessels visiting for refueling purposes, 

due to its geographic location and thanks to the high level of petro -chemic activity in 

the area it can offer residual oil products, or Heavy Fuel Oil (HFO), at very 

competitive market prices. A number of receiving terminals, unloading facilities and 

fuel supply vessels make up for the in -port fue l distribution infrastructure. In the Port 

of Rotterdam the vast majority of marine fuel is distributed by bunker barges to 

customer ships, providing for a high flexibility and on demand service.  

In comparison Norway has a national LNG distribution network  of receiving terminals, 

unloading facilities and distribution vessels. Although different in their working, the 

infrastructural elements of both supply chains are similar. LNG is distributed between 

coastal terminals using small LNG carriers and combined chemical tanker vessels. 

Experiments have been carried out successfully on board to board (B to B) transfer 

of LNG. This development is very important for further LNG fuel developments, 

considering the current practices for liquid fuel distribution.  

Consid ering the GATE terminal in Rotterdam as a starting point for future LNG fuel 

developments, it will need to be adapted for the purpose of supplying LNG to 

distribution vessels. Limited jetty access, unloading equipment and permits currently 

do not allow for  LNG fuel distribution from the GATE terminal; however these are not 

considered show stoppers. The liquid fuel infrastructure and logistics in Rotterdam 

are highly developed. A comprehensive set of rules governing the safe storage and 

distribution of liqui d fuels within the port area is laid down in the so -called 

ñPetroleum-regimeò. A similar system for LNG should be developed along side the 

liquid fuel system, using existing ñoff the shelfò technology similar to that used in 

Norway.  

99% of all sea vessels are equipped with diesel engines to provide propulsion and 

power. Balancing operation costs and regulatory demands, has forced ship operators 

to use a number of different fuel blends, sometimes up to 4 different blends (and a 

similar number of tanks) are u sed on one ship. Emission restrictions lead to 

numerous fuel switching operations on board ships, complicated refueling planning 

and execution, increased construction cost, and increased space requirements for 

onboard for fuel tanks, piping and secondary e quipment.  

Onboard LNG fuel tanks most commonly used in LNG fuelled vessels are double 

walled vacuum insulated cylindrical tanks. The main issue with these LNG tanks is 

there space requirement of three times that of diesel oil tanks at the same energy 

conte nt, due to restricted shape and vacuum insulation. Space restriction has led to 

the conclusion that retrofitting existing ships with built in LNG storage tanks will ï in 

most cases -  not be a viable option. The modification costs will simply be too high. 

For newly built ships however these tanks have proven a very well applicable, 

economic storage method. On deck storage of LNG fuel is also possible using ISO 

certified container tanks, this limits modifications costs but ship stability and deck 

space requir ements must be considered.  

Several types of gas burning engines are available from most major engine 

manufacturers. The dual fuel engine is considered initially to be the most suited 

engine type for LNG powered ships, based on its capacity to run on both g as & diesel, 

or diesel only when LNG is not directly available. This operational flexibility will also 

enhance the rest value of the ship. These types of engine systems have a 

comparable efficiency to existing diesel engine systems but due to lower fuel 

po llutant content, and lean air mixture will emit 20% to 25% less CO 2, 90% less SO x, 

80% less NO x and 100%  less particulate matter (PM).  

On an international level, regulations for the construction and operation of LNG 

fuelled ships are contained in the ñIMO Interim guidelines on safety for natural gas -
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fuelled engine installations in ships, Annex I ò. These are generally accepted as 

sufficient for the safe construction and handling off LNG fuelled vessels. Ships 

certified accordingly are considered compliant wi th international safety regulations 

and thus have free access to European and other ports world wide. However on a 

local scale, in Rotterdam, a regulatory regime dealing with the provision of LNG - fuel 

to customer  is unavailable. For liquid  fuels guideline s and regulations for bunker 

related activities are contained in the ñpetroleum regimeò, the development of a 

corresponding ñLNG regimeò is considered necessary, before ships in Rotterdam can 

be re - fuelled with LNG.  

 

 

Part 3  

 

Due to initial LNG fuel availability restrictions the initial users of LNG fuel are 

considered to be ships with regular sailing patterns and limited trip length, to provide 

for scheduled refueling and limited tank size. Using information provided by the Port 

of Rotterdam a group of around 150 vessels was identified to fit the above criteria, 

visiting the port at least once every two weeks. This group mainly consists of short 

sea vessels, RoRo vessels and ferries. Calculations show that a shift from HFO to 

LNG for this limited numb er of vessels would yield a reduction of 5.6% in CO 2 

emissions of the total CO 2 emissions originating from shipping in the Port area. For 

SOx, NO x and PM the reduction  is in the order of 20% due to a more beneficial 

reduction relative to HFO (80% to 100%).  

The price of LNG in the Port of Rotterdam will have to be near that of pipeline gas, as 

this is the market focus for the GATE terminal. Using historic data it was calculated 

that the price level of commercial pipeline gas is at present competitive with lo w 

sulfur fuels. As of 2015 ships operating in the Sulphur Emission Control Area (Baltic 

Sea, North Sea, English Channel) will be obliged to use low (0.1%) sulphur fuel. 

Furthermore analysts predict a further increase of oil prices due to high demand and 

a decrease of LNG prices due to oversupply, this decoupling of prices is foreseen to 

be a lasting phenomenon.  

For the Port of Rotterdam to continue the path of these interesting developments it 

should consider the following key stakeholders, ship owners, LNG  terminal operators 

and the bunker operators; all of which have shown to be interested in LNG fuel. In 

short term perspective a replacement of the entire liquid marine fuel system is not 

considered realistic. However ships operating in European coastal wat ers should be 

very interested in the development of a LNG fuel system in Rotterdam.  

It is therefore recommended that The Port of Rotterdam develops a ñLNG regimeò in 

cooperation with the key stakeholders and based on the Norwegian experience, to 

allow for LNG fuel infrastructure and re - fuelling operations to take place in the Port. 

A pilot project should be initiated in order to gain experience with LNG bunkering and 

thus to maintain the position of the largest fuel harbor in Europe.  
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Introduction 

 

Across the world there is an increasing awareness of the contribution to air pollution 

by the shipping industry. About one fifth off all GHGôs in Europe originates from the 

transport sector  (EEA, 2007) . Besides of  being a contributor to the amount of 

CO2exhausted into the air, the shipping industry is also a particularly large emitter of 

partic les and of the acidifying pollutants sulphur -  and nitrogen oxides (SO x and NO x).  

Shipping has significant advantages in terms of overall energy consumption and of 

carbon emitted per tonnekilometer. Nevertheless ships have become the largest 

source of sulph ur dioxide (SO 2) emissions in the EU.  This is due to the high sulphur 

content of marine fuels, mainly Heavy Fuel Oil (HFO), commonly used in maritime 

shipping.  

 

 

Figure 1 : The total emission of SOx and NOx by transport in th e European area  (EEA, 2004)  

 

As illustrated in  figure 1 , in 1990 the two main emitters of Sulphur oxides were the 

road transport sector and the international shipping sector.  In 2003 the SO x 

emissions by road transport had been reduced to roughly 20% of the ir 1990 levels.  

This remarkable improvement was brought about by ever stricter EU legislation 

limiting the maximum sulphur content of diesel fuels (for road) placed o the market 

within the European Community.  However, in that same period the SO x emission s in 

the European area originating from international maritime shipping increased by 

about one third.  Thus largely eliminating the improvement achieved in the road 

sector at considerable expense.  The divergence in development is explained by the 

fact tha t the rules for the maximum sulphur content of marine fuels, which are set 

by the International Maritime Organisation, have remained unchanged in the 

reference period without imposing any meaningful restriction (see further chapter 

1.1) on sulphur content of commonly used marine fuel.  
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The pollutants SO x, NO x and fine particles (PM) influence the quality of soil, water 

and air, causing trees to die and water becoming sour, which is a problem for lake 

and forest ecosystems, not to mention human health. Human health is affected by 

these pollutants and can cause acute chronic health complaints, severe asthmatic 

symptoms as well as heart and lung disease (Kolpa, 2008) .  

 

The high level of polluting emission from the shipping industry is caused by the used 

fuel. The maritim e shipping industry uses mainly heavy fuel oil (HFO) 1, which is a 

residual product of the refining process, the cheapest type of liquid oil based diesel 

fuel available, having a high sulphur content and containing many other polluting 

substances.  

 

In the l ast decade experience was gained on applying liquefied natural gas (LNG) as 

a marine fuel for different types of ships. LNG has the advantage that it eliminates 

emission of SO x and reduces NO x, PM and CO 2 emissions significantly. Therefore LNG 

fuel is seen  as a possible solution to clean up shipping emissions.  

 

LNG stands for Liquefied Natural Gas, it consists mostly of methane (90% -  97%), 

which has been cooled to its liquid state at atmospheric pressure ( -163ęC) 

(www.sempralng.com) . The left over fraction of the gas consist of ethane, propane 

and higher carbons. LNG is a clear, non -corrosive, non - toxic cryogenic liquid at 

atmospheric pressure. When mixed with air LNG vapour is flammable at 

concentrations of 5% to 15% (volume), below this percentage the cloud will not burn. 

In its cooled, liquid state LNG is reduced to 1/600 th  of its original volum e, this makes 

transportation and storage more practical. When LNG is exposed to ambient 

temperature it vaporizes quickly, therefore it is stored in double -walled tanks at 

atmospheric pressure. The space between the two walls is insulated to prevent heat 

loss from the surrounding environment to the LNG. So rather than permanently 

cooling the liquid, LNG storage relies on insulation to prevent outside temperature 

from warming the liquid (www.chevron.com) . 

 

Stored LNG is analogous to boiling water, only 260ęC colder. The temperature of 

boiling water (100ęC) does not change with increased heat, as it is cooled by 

evaporation. In much the same way LNG will stay at near constant temperature if 

kept at constant pressure. This process is called óauto refrigerationô. As long as the, 

inevitable, LNG vapour boil -off is allowed to leave the tank, the temperature and 

press ure will remain constant. The natural boil -off from a LNG vessel is in the region 

of 0.15% per day (Einang, 2008) . 

 

Besides liquefying natural gas to reduce volume, it can also be pressurised. Gas 

stored in this way is called Compressed Natural Gas or CNG. At 200 -220 bar, the gas 

is reduced to less than 1% of its volume at standard atmospheric pressure. CNG has 

a lower cost of production and storage compared to LNG, as it does not require an 

expensive cooling process and cryogenic tanks for storage (Einang, 2008) . On the 

other hand CNG requires a much larger volume to store the same mass of LNG and 

the use of very high pressures. Compared to HFO or diesel this would require a very 

                                           
1 This type of fuel is not used in the inland waterway shipping sector, which operates on gasoil comparable 
to the fuel used in the road haulage sector.  
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large fuel tank for a ship to maintain a similar action radius, this is the main reason 

why LNG is preferable to CNG when serving as a fuel for vessels.  

 

The Port of Rotter dam is the biggest port in Europe and also a very popular refuelling 

location for ships. If it were possible to develop a LNG fuel system in the Port of 

Rotterdam it potentially could reduce the amount of pollutants in the air originating 

from the shipping  industry.  

 

In this report the answer to the following question will be sought to establish 

whether or not LNG can solve ï at least partly -  the environmental problems without 

damaging the portsô position as the biggest port of Europe.  

 

 

 

 

Is it feasible  to replace the current maritime oil based fuel system for 

sea going vessels -  or at least for a substantial part thereof -  in 

Rotterdam with an LNG fuel system, which matches the current 

systemsô performance, and enables the shipping industry and the Port 

of Rotterdam authority to meet emission standards?  
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1 Background 

The background to this research project is founded on the fact that both the Port of 

Rotterdam and the shipping industry are confronted by increasing pressure from a 

gov ernmental level to reduce emission of air pollutants.  

1.1 Project drivers 

The motivation for this project can be summarised in four drivers,  namely; stricter 

emission regulations for the shipping industry and the Port of Rotterdam, 

adaptation of Rotterdam port  strategy,  a technological advance of LNG related 

technology and the expected price development  of LNG compared to the price of 

compliant  marine diesel fuels.  The formulated problem definition (see Par. 1.2) is a 

direct result of these four project drivers , which will be elaborated on in the following 

paragraphs.  

1.1.1 Driver 1: Regulations 

EU regulations  

While the amount of transport activities is ever increasing, many of the EU member 

states have signed agreements to reduce the absolute amount of polluting emissions. 

The road transport sector is already tightly regulated by emission standards and 

substanc e restrictions. In particular for sulphur emissions the European Union has 

laid down strict rules.  For example EU Directive 2009/30/EC of 23 April 2009 

provides that diesel used for road haulage shall contain maximum 0.001% Sulphur 

as from 01.01.2009.  

This maximum of 0.001 % Sulphur content by weight is the preliminary final 

outcome of an evolution started in the nineties. Important intermediate steps were 

made through various EU Directives providing that the sulphur content of diesel for 

road transport p laced on the market within the EU Member States shall not exceed:  

Ö 0.2 % by weight as from 1.10.1994,  

Ö 0.05 % by weight as from 1.10.1996,  

Ö 0.005 % by weight as from 1.1.2005, and finally  

Ö 0.001 % by weight as from 1.1.2009  

 

This maximum of 0.001 % shall in accordance with the latest Directive 2009/30/EC 

of the European Parliament and Council of 23 April 2009, also apply to gas oils 

intended for use by non - road mobile machines, inland waterway vessels , agricultural 

and forestr y tractors a nd recreational craft as from 1 -1-2011  (EUParliament, 2009) .  

As already mentioned in the Introduction, sulphur emissions from marine transport 

in the EU -area have increased since 1990 more or less in par allel with the red uctions 

made in land transport.  Desulphurisation of lighter oil products at refineries has 

mainly shifted Sulphur from one fuel type to another (in casu, residual HFO).  Rather 

than being reduced, sulphur emissions have mainly be en shifte d from land to sea 

(Kolpa, 2008) . 

Why has the EU not applied a similar approach as for road transport and inland 

waterway transport, also to maritime shipping?   

Obviously the EU can only legislate for fuels placed  on the market within its Member 

States.  An obligation to sell only low sulphur ïand therefore expensive ï marine 

fuels in the EU, would have for effect that international maritime shipping would fill 
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up their bunkers outside the EU.  Maritime shipping is a truly international (global) 

market unlike road transport and inland waterway shipping.  

 

Emission regulations for the shipping industry  

Given the international nature of much of the world's maritime activities, intervention 

to reduce sulphur and nitrogen  oxides emitted by sea going vessels should be taken 

by the International Maritime Organization (IMO). IMO ship pollution rules are 

contained in the ñInternational Convention on the Prevention of Pollution from Shipsò, 

known as MARPOL 73/78. MARPOL Annex V I sets limits on NO x and SO x emissions 

from ship exhausts, and prohibits deliberate emissions of ozone depleting substances.  

MARPOL annex VI for SO x is in principle forcing ship operators to reduce the emission 

of sulphur oxides.  

However, in practice MARP OL Annex VI has done little to reduce SO x emissions.  

Annex VI provides that HFO (Heavy Fuel Oil) shall not contain more than 4.5% 

sulphur by weight.  This is a very high percentage.  Very few heavy crude oils as 

found in nature will exceed this percentage  (Speight, 1999) . The average  sulphur 

content of fuel  used in maritime shipping today ha s sulphur content by mass of 2.4 %  

(Nazer, 2008) .  

MARPOL Annex VI is set to decrease SO x emissions in the future by limiting the 

sulphur cont ent of shipping fuel as a percentage of total mass. Both IMO and the EU 

recognise protected areaôs called Emission Control Areaôs or ECAôs where emission 

limits are more stringent. Currently there are 2 ECAôs namely the Baltic Sea region 

and the North Sea region. These areas have been identified as being very sensitive 

to shipping emissions due to the high level of shipping activity combined with a high 

population density and a sensitive eco system.  

 

 

Figure 1 -1 : Sulphur Emission Control Area (Boholm, 2009)  
 

The combined Emission Control Area ( ECA) for t he Baltic Sea, North Sea and English 

Channel is defined as the sea area eastwards of longitude 5° West at the entrance of 

the Channel eastwards of longitude 4° West and southwards of latitude 62° North 
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defining the Northern frontier of the North S ea.  The ECA is gr aphically illustrated in 

Error! Reference source not found. .   

It is to be noted that Rotterdam bein g centrally located within the ECA area will 

clearly be af fected by the stricter emission regulations applying to this area.  

 

SO x  emission limits  

SOx emissions are a linear function of the amount of sulphur contained in the fuel 

being used. Both MARPOL annex VI and the EU Directive 2005/33 have determined a 

stepw ise reduction of maximum allowed sulphur content in Heavy Fuel Oil (HFO), to 

give the shipping -  and fuel industry time to adapt and to permit technological 

advances to be developed and tested. Large similarities exist between the two 

documents.  

Crude oil n aturally contains a certain amount of sulphur and is classified, amongst 

others, according to its sulphur content. Crude oil containing less than 1% sulphur is 

referred as ósweetô and above 1% as ósourô. Refineries prefer to use sweet crude, as 

it is easie r to refine into commercial high value commercial fuels such as petrol . S our 

crude is more expensive to process as it requires more energy and processing steps 

to form high fraction distillates. Sweet crude is also used to blend with sour oil to 

lower the average sulphur content. Global demand for sweet crude oil is much higher 

than for sour crude,  but is also, unfortunately,  less available (AFP, 2004) . Forcing the 

shipping industry to use low sulphur  fuels will raise demand for sweet crude, which 

will lead to a further  increase of fuel  prices.   

 

Note  

the European sulphur directive 2005/33 allows for ships to use abatement 

technologies to clean the ships emissions, as an alternative for using low sulp hur fuel. 

Generally this is not seen as a realistic option, as abatement installations require 

large modifications of the ship and can negatively influence ship stability  

(EUParliament, 2005) .  

 

The problem with the current practice of refining and blending is that there is simply 

not enough sweet crude in the world to bring about a substantial world wide SOx 

emission reduction in shipping.  To achieve such reduction the current refinery 

process w ould have to be c hanged fundamentally to de -sulph urise crude, requiring 

major investments of many billions of dollars and a long transitional period.   

In the review process of MARPOL Annex VI started by IMO in 2007 these problems 

have been elaborated upon extensively by the oil companies united in OCIMF and 

other organisations representing the shipping industry.   

For this reason, IMO has considered that the current global maximum sulphur limit 

for HFO (4.5%) can only be brought down gradually (to 3.5% in 20 12) and slowly to 

the more acceptable level of 0.5% in 2021  (IMO, 2007b) . This latter step may even 

be postponed till 2026 if further feasibility studies would demonstrate that not 

enough marine fuel compliant with the 0.5% limit can be made available by 2021 

due to a slow conversion of the refinery proces s.  

The outcome of the relevant IMO position for the global  ceiling is summarised by the 

orange line in Figure 1 -2. 
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Figure 1 -2 : Sulphur regulation for marine fuel as agreed by IMO in its 2007 rev iew of MARPOL 
Annex VI (Boholm, 2009)  

 

The green line in Figure 1 -2 demonstrates that IMO has be en much more ambitious 

for the ECAôs.  The current sulphur limit of 1.5% shall be reduced to 1% in 2010 and 

to 0.1% in 2015.  It is generally estimated that HFO with a sulphur limit of 1.0% will 

be produced through the current process of blending (at a premium of course) 

provided that the required volumes remain within certain limits.  It is however not 

possible to produce residual HFO with max sulphur content of 0.1% (as required by 

2015) because the natural sulphur content of even sweet crude exceeds this level.   

The 0.1% requirement will thus force ship operators to switch to refined  products, 

in particular Marine Gasoil (MGO), which is substantially more expens ive than HFO.  

For further details on ñpriceò see paragraph 1.1.4. 
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Figure 1 -3 : IMO and EU Sulphur limits on marine fuels  (IMO, 2007a)  
 

At this point it is sufficient to conclude that Rotterdam ïbeing located in the ECA-  will 

be clearly affected by the recent change in sulphur regulations as set out above.   

In particular ships engaged in regular traffic between ports loc ated in the ECA, such 

as ferries and regular short sea cargo shipping, with the UK, Norway and Baltic, will 

no longer be allowed to use HFO as from 2015 and will thus be confronted with a 

strong increase in fuel costs in the near future ïat least if the sh ip operators would 

continue to use oil based fuel.  

LNG is a clean burning fuel (see Paragraph  1.1.3).  It hardly contains any sulphur. 

LNG combustion therefore meets the most stringent sulphur emission 

standards by nature: SO x emissions are close to zero.   

 

The new sulphur regulations for the ECA will therefore favourably change the 

competitive position of LNG compared to oil based compliant fuels.  This change in 

competitive position will manifest itself in the short medium term/next 5 years.   

 

NO x  emissio n limits  

NOx emissions are a function of the combustion process in the engine. NO x is formed 

in the circumstances of high temperature combined with the availability of Oxygen. 

In cooperation with experts in the field of engine technology IMO has developed NOx 

emission standards related to the engines rated speed. These standards are set out 

in MARPOL annex VI and are commonly referred to as Tier I, Tier II and Tier III 

standards. Tier I is currently in effect, Tier II will be effective as from 2011 and Tier  

III will come into effect in 2016, thus stepwise decreasing the allowed NO x emission 

with 80% by 2016  (Pederson, 2008) .  
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Figure 1 -4 : MARPOL Annex VI NO x  Emission Limits (Pederson, 2008)  

 

Tier I applies retroactively to new engines greater than 130 kW installed on vessels 

constructed on or after January 1, 2000, or which undergo a major conversion after 

that date. Most marine engine manufacturers have been building engines compliant 

with th e Tier I standards since 2000. Tier II and Tier III only apply to newly 

built ships; ships constructed after the date of going into effect of the 

standard  (IMO, 2007b) .   

NOx emiss ions do not form in significant amounts until flame temperatures reach °C 

1500. Once that threshold is passed, however, any further rise in temperature 

causes a rapid increase in the rate of NO x formation. NO x production is highest at 

when 25 ï45% excess ai r is available (www.alentecinc.com/papers/NOx) . Lower 

excess air levels starve the reaction for oxygen, and higher excess air levels drive 

down the flame temperature, slowing the rate of reaction.  
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Figure 1 -5 : NOx formation circumstances  (www.alentecinc.com/papers/NOx)  

 

For engine manufacturers it is not a problem to meet Tier I by increasing 

compressio n ratio in the engine, delaying fuel injection and adapting exhaust valve 

timing. However meeting Tier II becomes a bit more problematic and will influence 

the efficiency of the engines. Meeting Tier III will be even more problematic and will 

be very hard to meet without using abatement technologies (www.wartsila.co m) .  

Abatement of NO x is very well possible, however some of these technologies such as 

Selective Catalytic Reduction (SCR), require large modifications of the ship. Other 

technologies like Exhaust Gas Recirculation (EGR) are not very well suited to be used 

in combination with low grade fuels like HFO resulting in low efficiency  (ENTEC, 

2005) . 

As will be further illustrated in paragraphs  1.1.3 and 1.2, the combustion of LNG 

instead of oil leads to a reduction of NO x by 80%. The next Tier II  and Tier III 

standards applying to newly built ships as form 2011 and 2016 respectively, will 

therefore further improve the competitive position of LNG as a ship s fuel.  

Considering that this NOxïeffect is limited to newly built ships, its impact on the 

bunker fuel situation in Rotterdam will not be as direct as the previously discussed 

SOxïeffect.    

 

Note  

The clean combustion of LNG also avoids the production of particulate matter.  Or, to 

put it differently, the presence of sulphur and other impurities in fuel oil is largely 

responsible for imperfect combustion resulting in considerable emissions of 

particulate matter (in the Netherlands commonly referred to as ñfijn stofò).  
 

Emission regulations for the Port of Rotterdam  

The Dutch government has ambitious plans for the improvement of the national air 

quality; this is in compliance with international EU targets and standards. In the 

Netherlands air quality is regulated on a national, provincial and municipal level, 

meaning that regulations can differ per region.  

The national environment law applied in the Netherlands is called the óWet 

milieubeheerô and it sets general rules and limits for pollution and describes the 

instruments for maintaining the law.  
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On a municipal leve l the port of Rotterdam is involved in a cooperative programme 

called the óRotterdam Climate Initiativeô (RCI), which sates the ambition to reduce 

CO2 levels by 2025 to half the levels of 1990. Partners in this programme are the 

municipality of Rotterdam, environment service Rijnmond (DCMR) and Deltalinqs, 

which is the union of the port industries.  

 

 

Figure 1 -6  : CO 2  emissions in Port area and the RCI goal, 2025 shows the projected value CO 2   

(www.rotterdamclimateinitiative.nl)  

 

The strategy deployed in the RCI  is to reduce CO 2 emissions for all industries in the 

Rotterdam area including the transport sector. Part of the strategy is to stimulate the 

use of cleaner engines, alternative fuels and optimisation of traffic behaviour 

(www.rotterdamclimateinitiative.nl) . 

DCMR is an environment service working for the inhabitants, private companies as 

well as the national government and is among others responsible for monitoring the 

air quality in the Rijnmond area.  
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Figure 1 -7 : Measuring locations in the Port of Rotterdam  area, indicated in red (www.dcmr.nl)  

  

DCMR measurements show that the air quality in the Rijnmond area is showing  

improvement over the last few decades. However some of the guidelines are still 

exceeded on occasion in some locations, meaning that current emission levels are 

very near to limit and further industrial growth could push the amount of emissions 

over this limit.  

 

 

Figure 1 -8 : emission of particle matter (left) and NO x in the Rijnmond area (DCMR, 2007)  

 

The Port of Rotterdam has signed an agreement with the national Dutch government 

and the municipality of Rotterdam, óovereenkomst luchtkwaliteit maasvlakte 2ô 

stating measures and general initiatives for the improvement of the air quality in the 

area showing there is a good understanding between the Port Authority and the 

government on the issue of improving the environmental quality.  

In Paragraph 1.1.3, the emission output of LNG in terms of SO x, NO x and PM, is 

being compared with Marine D iesel  Oil  (MDO) containing 1%  Sulfur by weight . The 

use of LNG reduces the output of polluting  elements by 80% to 100%. The 

improvement in absolute and relevant terms is obviously even more striking when 

LNG is compared to HFO.  In view of the volume of shipping activity in 
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Rotterdam, a switch from HFO t o LNG will have a substantial positive effect 

on air quality in the region.   

As regards reduction of CO 2 emissions, LNG would also  make a positive contribution, 

because natural gas  contains less carbon per unit of energy than mineral oil. The 

difference is  about 25%, see inter alia (Williksen, 2008)  and  (Presentation, 2008) , 

leading to roughly a 20 to 25% CO 2 reduction for LNG propelled ships.  

1.1.2 Driver 2: Port strategy 

Rotterdam has the ambition to become the energy port of Europe. Already 

Rotterdam i s the most important hub for the import and distribution of coal and oil 

products to Northwest Europe and has some mayor qualities providing significant 

strategic advantages of other ports:  

 

 

 

 

 

 

 

 

 

 

 

LNG in Rotterdam  

Permissions have been issued for the construction of two new LNG import terminals. 

Currently the Gas Access To Europe, or GATE, terminal is nearing the final 

construction stages, according  to the planning it should be fully operational in 2011. 

This LNG import terminal is being developed in the port area near the Maasvlakte 2, 

by a partnership of VOPAK and Gasunie.  

Construction of the second LNG import terminal has not yet started, although  

permits have been issued. This terminal will be developed and operated by 4Gas, a 

company dedicated to the development and operation of LNG terminals.  

The Netherlands is a country well connected to the gas pipeline grid of Europe, and 

payment disputes for  Russian gas import have led countries to seek additional 

supplies of natural gas. The GATE terminal will be the first LNG terminal in the 

Netherlands, and will serve as an important addition to the natural gas reserves in 

Groningen. LNG will be re -gassifi ed at the terminal before being pumped into 

pipelines for export, domestic use or industries in the area. The Dutch government 

has pronounced the ambition to become the ógas roundaboutô of Europe.   

 

 

Superior logistics for oil and coal to Northwest Europe  

¶ 13 ind ependent tank storage and distribution companies  

¶ 2 dedicated coal terminals  

Large industrial centre for conversion into fuels and power  

¶ 5 world class refineries  

¶ 3000 MW power plants  

Worldwide trade and distribution centre for fuels  

¶ Largest merchant market in Europe for oil products  

Port industrial cluster as large consumer of gas and power  

Adapted from (Presentation, 2009e)  

 



Sailing for cleaner skies  

28  

 

 

Figure 1 -9 : new LNG terminals in Rotterdam (Presentation, 2009e)  

 

The GATE terminal will be able to serve the largest LNG carriers currently in use, at 

the two unloading jetties. The terminal will have 3 large LNG storage tanks of 

180.000m3 each, and total throughput of 15 billion m3/year, which is about a third 

of t he annual requirement for a country like the Netherlands (Presentation, 2009a) . 

GATE has four customers, a ll European energy companies, who all have a 5% equity 

stake in the terminal.  

The GATE terminal has several synergies with other industries in the area, like the 

use of cooling water from the E -on electricity plant for the re -gassing process of LNG, 

which adds to the sustainability of the total project.  

The driver function of the LNG import terminal is that large volumes of LNG 

will be stored and handled at the location. This volume ensures the required 

supply of LNG if a LNG fuel regime for sea going vess els is to be realised .  

As mentioned before, Rotterdam is a worldwide trade and distribution centre for fuels.  

Together with Singapore, Rotterdam is one of the top bunker ports in the world.  In 

order to maintain its top -position in bunkering it would be strategically justified to 

develop the possibility of LNG -bunkering at an early stage.  The completion of the 

GATE terminal allows to do so with little additional investment.  Demand for LNG -

bunkering by 2015 is minimal today, but this situation may change quickly when 

ECA-shippi ng has to make the definite switch to max. 0.1% sulphur fuel, which is 

much more expensive than HFO (see paragraph 1.1.4).  LNG may well offer a 

cheaper alternative with a bett er environmental performance.   

It would be consistent with the current policy of  Rotterdam to boost its 

ñgreen imageò, notably through the Rotterdam Climate Initiative, to also 

develop ñgreen bunkeringò in the form of LNG.  

 

1.1.3 Driver 3: Technological development 

In the struggle for a cleaner environment some national governments have ta ken a 

leading role in developing emission - reducing strategies. In many countries 

environmental measures are viewed as a necessary but unwanted evil, as they often 

require high investments and changes of current practices.  


































































































































































































