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Dimethyl ether; decreasing emissions caused by seagoing vessels

1. Introduction
Between 1962 and 2004 the port of Rotterdam was the largest port in the world. These last
few years the port of Rotterdam lowered in the ranking but is still one of the most
important ports in the world. The port of Rotterdam is one of the largest thanks to the
great geographical positioning of the port. The port of Rotterdam is not only a big logistical
artery for Europe but has also a large industrial area. Taking these aspects into
consideration, the port of Rotterdam forms a gateway for more than 350 million consumers
all across Europe.
Because Rotterdam is one of the most important harbours of the world, last year (2011)
there were 29,720 vessels that had entered the port of Rotterdam. All these vessel
combined, create a lot of air pollution and greenhouse gases. This air pollution is harmful
for everyone in and around the port of Rotterdam.
To fight the problem of air pollution and the emission of greenhouse gases, a project has
started called Clean North Sea Shipping.
Clean North Sea Shipping project includes 18 partners from 6 countries around the North
Sea, with the combined goal to reduce the emission of exhaust gases from vessels in and
around the North Sea. The official statement on the website of the CNSS reads:
“The objective is to improve the environmental and health situation caused by air pollution
and greenhouse gases from shipping along the North Sea coast and within North Sea ports
and harbours. CNSS addresses this by creating awareness, sharing knowledge and
convincing influential stakeholders to take action.”
The research that will is involved by investigating the air pollution in the port of Rotterdam
will be done in cooperation with the DCMR.

1.1.

Problem description and definition

1.1.1. The problem description
The global problems today are the great amount of greenhouse gases that accelerate
climate changes; the weather becomes more extreme and the temperature will rise. Sea
level will also increase, leading to more floodings. The amount and the power of cyclones
will increase due to warmer seawater. Polar ice will melt down and brings the extinction of
certain animal species like the polar bear. The albedo of the Earth will go down, which
increases the amount of warmth absorbed by the Earth due to the loss of ice. Exhaust gases
is a local problem and decreases the air quality which cause problems for public health.
Gases like NOx, SOx and particular matter are a threat to the lungs of the people. People
living in big cities like Rotterdam live generally shorter than people who live in clean air.
NOx and SOx are the main particles that cause smog in big cities.
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Innovators are busy developing a new kind of fuel to reduce the amount of emissions. By
reducing it, we can improve air quality in Rotterdam and to counter the Global warming
issue.
1.1.2. Problem definition
Emission of various gases from ships in the port of Rotterdam has a bad effect on public
health and contributes to the Global Warming issue.

1.2.

Objective

The objective of this project is to conduct research on a new kind of fuel that will reduce
the amount of CO2 and NOx emission and eliminate all SOx emissions. This fuel can replace
the conventional fuels MDO and HFO.
1.2.1. Main Question
In what way is it possible to replace the conventional Marine Diesel Oils by DME, taking all
the advantages and disadvantages into account?
1.2.2. Sub-questions
1.
How are emission gases formed and what is the effect on the environment and
public health?
2.
What are the Dutch and International laws, concerning marine exhaust gases?
3.
What is the current level of emission gases produced by a vessel in the port of
Rotterdam?
4.
What is DME and what are the advantages and disadvantages?
5.
Which companies are producing DME or are capable to produce DME?
6.
In what way can DME replace MDO and HFO in the future?
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2. Maritime laws and regulations
There are specific laws and regulations for the Maritime industry. For this project the most
interesting parts are the laws and regulations concerning the emissions of greenhouse
gases (GHG). This chapter will discuss the sub question: “What are the Dutch and
International laws, concerning marine fuel emissions??”

2.1.

International Convention on the Prevention of Pollutions from Ships

All laws and regulations concerning emission in the maritime industry are contained in the
“International Convention on the Prevention of Pollution from Ships”, which is commonly
known as MARPOL 73/78. This MARPOL Convention has been amended on September
27th, 1997 by the “1997 Protocol” which includes the MARPOL Annex VI “Regulations for
the Prevention of Air Pollution from Ships”. MARPOL Annex VI 1 sets limits on the amount of
SOx and NOx emissions produced by ships.
Some areas have more stringent regulations than others, these areas are called Emission
Control Areas (ECAs). The ECAs can be designated for SOx emissions, for particulate matter
(PM), for the NOx emissions or for all three different sorts of emissions produced by ships.
Currently there are only ECAs for SOx and NOx reduction. These ECAs are:
•

•

•

•

Baltic Sea
o Regulated for the SOx emissions
o Adopted 26th September 1997
o Entered into force 19th May 2005
North Sea
o Regulated for the SOx emissions
o Adopted 22th July 2005
o Entered into force 22th November 2006
North American ECA
o Regulated for the SOx, NOx and PM emissions
o Adopted 26th March 2010
o Entered into force 1st August 2011
US Caribbean Sea ECA
o Regulated for the SOx, NOx and PM emissions
o Adopted 16th July 2011
o Enters into force 1st January 2013

This results in two sets of regulations, one for the global requirements and one for the
ECAs.

1

Note: Revised MARPOL Annex VI – International Maritime Organization
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2.2.

Nitrogen oxide emission regulations

The regulations for NOx emissions depend on the engine maximum operating speed and
the construction date of a vessel. Vessels built between January 1st, 1990 and December
31th, 2010 must comply with Tier I, vessels built between January 1st, 2011 and December
31th, 2015 must comply with Tier II and vessels build after January 1st, 2016 must comply
with Tier III. Tier I and Tier II are global limits, while Tier III limits apply only in the NOx ECAs.
These limits are shown graphically in Figure 1.

Figure 1. NOx limits 2

2.3.

Sulphur oxides emission regulations

The sulphur oxides emissions of vessels are regulated by standardizing the sulphur content
in marine fuels. Figure 2 shows the maximum amount of sulphur allowed in these marine
fuels.
Max. sulphur content of marine fuel (m/m %)
SOx ECA
Global
2000
1,5%
4,5%
July 2010
1,0%
2012
3,5%
2015
0,1%
2020*
0,5%
* Alternative date is 2025, to be decided by a review in 2018
Figure 2. Sulphur limits
Date

Besides the use of low sulphur marine fuels, alternative measures are also allowed, such as
the use of sulphur scrubbers.

2

www.dieselnet.com
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3. Exhaust gases
Exhaust gases are gases that are emitted due to combustion of fuels such as diesel,
gasoline, coals etc. Exhaust gases are composed largely of nitrogen, water vapour and
carbon dioxide. These parts are non-toxic. But when combustion is not complete or not
done correctly (such as inadequate oxygen supply) other substances are formed, such as:
carbon monoxide, (partially) unburned hydrocarbons, nitrogen oxides, sulphur oxides,
ozone and small particles. All these parts are harmful for health and welfare.
When diesel oil is used in the combustion the emission gases will contain the following
products on average:
N2
CO2
H2O
O2
NOx
CO
SO2

3.1.

67%
13%
11%
10%
0,15%
0,045%
0,003%

Sulphur oxides

SOx are formed during combustion according the following reaction:
S8 + 8 O2 → 8 SO2
This reaction takes place with the combustion of any kind of fuel that contains sulphur,
such as heavy fuel oil. SOx will react with rain water and this will turn into rain with a
lowered PH level, so called acidic rain. Acidic rain is the biggest problem SOx give us. To
counter this in protected areas ships are using Low Sulphur fuels in the SOx ECAs. The acidic
rain will deposit on the earth’s surface and will lower the pH of the soil and water. This
could form a problem when this soil is very low on nutrients. The acidic rain makes it
possible for some plants to thrive which can lead to an altering of the eco system in that
area. The acidic rain also causes erosion of buildings and monuments.At sea SOx is not that
harmful because seawater will neutralize the effects of the sulphur.
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The biggest health issues SOx causes are: asthma attacks, irritation to eyes and lungs and it
can cause bronchitis. When people are exposed longer to SOx the biggest issues are
respiratory illness, alterations in the lungs defences and aggravation of existing
cardiovascular disease. Also the small SOx particles form a big threat for the public health.

3.2.

Nitrogen oxides

NOx is a gas that will be formed during the reaction of nitrogen and oxygen gases in the air
during combustion. This only happens at extreme high temperatures, for instance in a
combustion engine. The biggest problem of NOx is also the forming of acid rain, a lowering
of pH levels in the soil and the forming of SMOG.
The following reactions take place when NOx is formed and reacts with water.
Nitrogen dioxide formed in the combustion process will react with the water in the air:
2 NO2 + H2O → HNO2 + HNO3
The nitrous acid then decomposes:
3 HNO2 → HNO3 + 2 NO + H2O
After this, the nitrogen oxide will oxidize to form nitrogen dioxide that again will react with
water, to form nitric acid:
4 NO + 3 O2 + 2 H2O → 4 HNO3
The nitric acid that is formed in this reaction may end up in the soil, where it makes nitrate,
where it is of use to growing plants and can eventually alter an eco-system.
The emission and forming of NOx gas is also bringing a lot of health issues. Because NOx
reacts with water, ammonia etc. which will form various compounds and particles, the
particles are also formed by the combustion inside an engine. Particular matter can
penetrate deep into lung tissue. This can cause a number of things, such as worsening
repertory diseases, bronchitis, worsening of heart diseases or in the most extreme
premature death.
When the NOx reacts with organic chemicals in combination with sunlight ozone and smog
can be formed. Children, people with asthma and people who work or exercise outside are
very likely to get negative effects on their health. Such as damage to lung tissue and
reduction in lung function.
Ozone on the other hand can cause very negative effects on the public health. Also damage
to lung tissue and the reduction of lung function. Ozone can be picked up by the wind and
can cause health impact far from the original source of emission. We want the ozone in the
stratosphere and not in the atmosphere, where it is harmful for life on earth.
Something else NOx is responsible for the destruction of the ozone layer in the
stratosphere. This has both an effect on public health as on the environment. Because the
ozone layer absorbs and deflects most of the UV light that the sun is producing. Too much
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UV light can be very harmful for the life on earth. The NOx that is formed during the
combustion inside an engine will not reach the ozone layer. Instead the NOx is formed
during photolysis of nitrous oxide, which formed during combustion.
Another effect of NOx on the public health is the forming of a variety of toxics due to the
reaction with the organic chemicals. These toxic products may cause biological mutations.
Which also can have an effect on life on earth.
There are several solutions to counter the emission of NOx such as:
•
•
•
•
•
•
•
•

3.3.

Delaying the injection of fuel
Raising the amount of injected fuel
Exhaust gas recirculation
Adding water to the fuel mixture
Injection of atomized water into the combustion room
Moisturizing the air used in the combustion process
Lowering the temperature of the air that is used in the combustion process
The use of a SCR, Selective Catalytic Reduction

Particulate matter

The composition of particles depends on the source. The main type of particles are the so
called secondary particles. These secondary particles derive from the oxidation of primarily
gases such as sulphur and nitrogen oxides. These particles are from so called anthropogenic
origin formed out of fossil fuel or coal combustion.
Secondary organic aerosols, tiny "tar balls" resulting from combustion products of internal
combustion engines, have been identified as a danger to health.
The composition of particulate matter that generally causes visual effects such as smog
which consists of sulphur dioxide, nitrogen oxides, carbon monoxide, mineral dust, organic
matter, and elemental carbon which is better known as soot. The particles are hydroscopic
because of it is containing sulphur, and SO2 is converted to sulphate when there is a high
humidity and low temperatures. This causes the reduced visibility and yellow colour, SMOG
is formed.
The effects of inhaling particulate matter have been widely studied on humans and also on
animals. These studies has shown that particulate matter causes: asthma, lung cancer,
cardiovascular issues, respiratory diseases, birth defects, and premature death. The size of
the particle gives a good image of where the particles will end up in the respiratory system
after it is been inhaled. Because of their small size, in the order of 10 micrometers or less,
the particles can penetrate the deepest part of the lung tissue such as the bronchioles or
alveoli. The larger particles are generally filtered in the nose and throat, but it is the smaller
particulate matter, smaller than about 10 micrometers, that can settle in the bronchi and
lungs and cause health problems these are the biggest problem.
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4. Traditional fuels
4.1.

Crude Oil

Crude oil is a mix of many hydrocarbon molecules and substances like vanadium, oxygen
and sulphur. The amount of substances varies, for example the oil found in the Caribbean
contains a lot of vanadium. Crude oil contains a lot of different fuels, like the light gasoline
and the heavy HFO. Crude oil is the most important resource for the worlds power supply
and the demand is always increasing, while production will stagnate in the future. The price
of fuels will go up as a result and a complete depletion of our fuels might happen in the
future. 3

4.2.

Heavy Fuel Oil (HFO) and short summary fuel production

Heavy Fuel oil is a residual fuel which is produced when crude oil is distillated. It is a byproduct. When crude oil is put into a distillate column, the temperature inside the column
will be raised. Crude oil consists many different components with different boiling
temperatures. By heating the crude oil to 360 degrees, some parts of the oil will evaporate.
These are the light fuels like gasoline and diesel. The heavier fuels will not become gases,
but will become liquid. The light gases will raise up in the distillate column, while the
heaviest fuels will sink at the bottom of the column. In this way, crude oil can be separated
into gasoline, kerosene and gasoil. The by-product of this process is HFO, a residue.
This residue will be treated first before it can be used as a fuel in ship engines. At the
moment, the quality of heavy fuels is in decline, because the need for distillated fuels has
increased. The reason is that the residue is thermally cracked and catalytically cracked. In
this process, metals like silicon and aluminium are put
into the fuel to improve the chemical process. These
metals are a pollution for the fuel and must be filtered on
board. If not, then it is possible to expect engine damage.
These little metal fragments will cause extra friction
between the moving parts of the engine. Another
problem is the addition of chemical waste to the residue.
It is very lucrative for companies to mix residue with
waste , so they can save money. This is not the only
problem, an increased decline in burning quality can also
happen because of the crack processes. By cracking the
residue, the carbon structures will change. Many free
carbon atoms will arise. This means that more carbon
particles will attach to the inside of the engine, making
the engine dirty.
HFO contains sulphur and carbon. When it is burned, SO2
and CO2 will be emitted. CO2 is a greenhouse gas and is
responsible for a change in climate. SO2 is bad for public
health and for the environment, told in chapter 3. It is
3

Note: Brandstoffen, Smeermiddelen en Thermische olie
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also bad for the engine, this strong acid will make metals corrode. If not checked, it can
really eat the inside of the engine away.
According to the newest MARPOL regulations, HFO may contain no more than 3,5 %
sulphur. In the SECA areas, this percentage is even reduced to 1,0%, so called Low Sulphur
Fuel Oils. Inside Rotterdam area, it is not allowed to burn LSFO, but only LSMGO with 0,1%
Sulphur.
HFO is a fuel with a high kinematic viscosity 4. It must be pre-heated before it can be
burned. If not, it cannot be pumped to the engine. HFO will almost always be mixed with
gasoil to reduce the viscosity of the fuel. These fuels are called Intermediate Fuel Oils. IFO
380 means Intermediate Fuel Oil with a viscosity of 380 mm2/s at a temperature of 50
degrees.
HFO is the cheapest fuel available, it costs approximately 600 dollars per ton. In Rotterdam
it is sold for 604 dollars/ton for IFO 380 ( RMH380 and RMG380 ). LSFO 380 is 641 dollars
per ton. When it comes to LSMGO, the price rockets to 955.50 dollars/ton. This is the main
reason why so many vessels still sail with this fuel. A ship may use 20 tons fuel a day and a
price increase of nearly 50% is too much, especially on long voyages.
The conclusion about this fuel is that it is garbage. When burned, it emits SO2 and CO2. This
is bad for human and environment. The only reason that it is still used is because of the low
price. If DME would have the same price, every company would at least consider sailing
with it.

4.3.

Marine Gas Oil (MGO)

Marine Gas Oil is a fuel which is used for smaller ships or when a ship enters a zone with a
restriction of usage of fuels above 0,1% sulphur ( like in Rotterdam) . Gasoil is a distillate
fuel, which means that the quality of this fuel is better than the residual fuels. The viscosity
of this fuel is quite low, so it does not need to be heated. The sulphur percentage is lower;
1,5 % for High Sulphur and 0,1% for LSMGO. It still emits CO2, but much less SO2 and no
other unknown substances like chemical waste. The reason that it is not much is due to the
price. Higher quality usually demands more money. This is the main reason that big
companies use IFO extensively and use LSMGO only when the law demands it.
Marine Diesel Oil (MDO)
Marine Diesel Oil is a mix of 80 % MGO and 20% HFO. It keeps the properties of MGO
mostly but is cheaper than MGO according to the theory on school. According to the
bunker list of Houston, this is not the case right now. MDO is not much used at all.

4

Attachment 2, Bunker specs & Instructions
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5. Dimethyl ether
Dimethylether is an alternative fuel which was only used as a propellant gas for deodorant.
Now it is possible to use it as a new bio fuel. In this project, the chemical properties,
advantages/disadvantages and the production of it, will be explained.
DME is a gas which can be produced from methanol. Methanol is produced in various ways,
like from methane, or it can be produced by the organic way of biomass. The by-product
glycerol is used for the production of methanol. When methanol is produced (CH3OH),
DME (CH3OCH3) can be produced by dehydration of methanol. De hydration means literally:
loss of water. The essence of this process. Methanol has a OH-group, which reacts with
hydrogen to water. One methanol loses its OH-group and the other methanol connects to
it. This forms the desired dimethylether. With an eye on the environmental protection, our
goal is to produce DME via the organic route of methanol.

5.1.

Properties of DME

Now something more about the molecule itself and its behaviour as a fuel. DME is a gas at
room temperature and has no colour, but can be smelled. It has a distinctive odour. The
boiling point of the gas is -24,9 ˚C and the melting point is -138,5 ˚C. The flash point is at -41
˚C. The density of the liquid DME is around 660kg/m3. The molecule is polar, which means
that it can be mixed with water and other alcohols like ethanol and methanol.
Disadvantages
DME can be toxic in great concentrations because it can block O2 from reaching the lungs,
just like CO2. The cetane number of DME is between 55-60. This number gives an idea about
the will of the fuel to ignite. Fuels with low cetane numbers will have a longer ignition
delay, while fuels with high cetane number will ignite almost instantly. By comparison,
MGO has a cetane number of 45 for the best quality fuel (DMX). This makes DME superior
in terms of ignition .The inner energy output of DME is around 28 MJ/kg , while MGO scores
around 42 MJ/kg and HFO 40 MJ/kg. This is a clear disadvantage of DME, more fuel must be
consumed for the same power output. Since there is no alternative fuel at the moment
with a similar power output, people should consider living with this property. Mankind has
been blessed with the enormous power output of oil, but at a price, such as air pollution
and the limitation of its resources. DME has no lubricating properties like oil, so this is an
obstruction for the DME engine. The absence of lubrication must be compensated by
adding an extra lubrication system in order to lubricate the high pressure fuel pumps and
the injectors.
Advantages
A positive thing about DME is that it is very pure, unlike oil. Oil consists mainly out of a large
skeleton of carbon hydrogen and contaminations like sulphur and Vanadium. When oil is
burned, acid particles are formed and hard carbon particles which is harmful to the engine.
Vanadium has the same negative effect as sulphur. DME does not have these problems. The
major benefit from this fuel is the big reduction of CO2 and NOx and the absence of SOx.
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Another good thing is the minor pressure that is needed to liquidize DME. 0,5 MPa or 5 Bars
of pressure is sufficient and there is no cooling required, unlike LNG which must be cooled
to -160 ˚C. It still means that the fuel supply system should be pressurized, which will
require an investment.
Safety
DME is not less safe than the conventional fuels like MGO and HFO. When a tank with DME
catches fire, the pressure inside will rise. A safety valve will open and a flame will eject from
the tank . The DME is instantly gas and is less harmful. When oil catches fire, it burns but it
might explode also. Enough evidence can be found of cars that explode when on fire. This
makes DME not necessarily less safe, despite the low flash temperature.
Flash temperature
The flash temperature says nothing about the safety of the fuel, it only says when the fuel
can vaporize enough with air to form a burning substance when energy is put into the
system. The auto ignition temperature is when a fuel spontaneously ignites and this value
lies around the 235 ˚C.
The flash point can be measured with the Pensky-Martin test cup. A preset amount of fuel
is put inside the cup. The fuel is heated inside device with 5 ˚C per minute and whirled with
one revolution per second. By every rise of 1 ˚C, a flame is inserted inside the cup. This
process is repeated until the fuel catches fire. This is the flash point.3

The figure above is to clear up the confusion around the flash and auto ignition point. When
a fuel can be ignited, it still needs an energy input before the exothermic reaction begins. A
piece of paper will not burn unless you torch it with a lighter. Compare it with a wheel on
the top of a hill. You must push the wheel a little bit before it will move itself.
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When the auto ignition temperature is reached, the temperature of the air will provide the
required activation energy. Compare it by putting the paper in a hot environment. It will
ignite instantly after reaching the required temperature.
Now something more about the current DME situation.
DME is a not very well known alternate fuel and the production of it is very local and
limited. In the Netherlands, this fuel is almost unknown and there is little interest for it.
ChemRec is a big producer of DME and is located in Sweden. In Holland, Akzo Nobel is a
DME producing company. The most research for DME is done in China where 20-30
factories produce and research it.

5.2.

The production of Methanol

DME is produced out of methanol, the simplest alcohol molecule. Methanol can be
produced in various ways, from biological products or from natural gas or from methane 5.
First
the
natural
gas
solution
will
be
explained.

5

Van Den Berg, P.J. (2001) Van aardgas naar methanol.Geraadpleegd op 17 december 2012,
http://mail.vssd.nl/hlf/d006.pdf
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Natural gas solution
Air and natural gas are brought together in an oven. The natural gas is ignited and burned.
In this process, NOx and H2O are produced, but unwanted. In the next step, NOx and water
are separated from the CO2 . The heat from the oven is used to power the reformer. In the
reformer, CH4 (methane) reacts with water to hydrogen and CO.

CH4 + H2O

3H2 + CO

This reaction is not a full conversion reaction, but a balanced reaction. Methane is formed
to hydrogen and carbon mono-oxide, but also in the opposite direction. By raising the
temperature and lowering the pressure inside, this reaction will mostly go to the right. This
means that almost all the methane is converted into hydrogen and carbon mono-oxide .
When this comes out the reformer, it is not ready for the synthesis to methanol. The
temperatures must be lowered, the pressure must be raised and the ratio CO/H2 must be
adjusted. It is now 1:3, while it must be 1:2 for the synthesis of methanol. By cooling and
raising pressure, the first two problems are solved. By letting H2 react with the CO2 of the
upper part of the system, a part of the hydrogen will be reacted away, so the ratio will now
become 1:2. Now, the circumstances are good for the creation of methanol.
CO + 2H2

CH3OH

13
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The second way to produce methanol is via the organic way 6.
The core ingredient for the
production of bio methanol
is glycerol. Glycerol is one
of the by-products of trans
esterification of fatty acids
to produce bio-diesel.
In the first step the glycerol
is gasified in water with
supercritical conditions of
600°C and 300 bar. This
initiates the reaction to
form syngas, a gas mixture
of carbon monoxide and
hydrogen. The second step
in
the
synthesis
of
methanol from carbon
monoxide and hydrogen.
The reactions in these steps are:
2C3H8O3 6CO + 8H2

&

CO2 + 2H2 CH3OH

In the first step the glycerol is almost fully converted into syngas. This is because of the high
temperature and pressure. In the second step the conversion of syngas into methanol is
best done a low temperature and high pressure. To create the condition for the second
step the gas has to pass a conditioning chamber before entering the synthesis. After
synthesizing the methanol, the mixture of methanol and its by-products has to be
separated.

6

Note: Supermethanol: reforming of crude glycerine in supercritical water to produce
methanol for re-use in biodiesel plants. - J.G. van Bennekom, J. Vos, R.H. Venderbosch, M.A.
Paris Torres, V.A. Kirilov, H.J. Heeres, Z. Knez, M. Bork, J.M.L. Penninger - June 2009
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5.3.

The behaviour of DME in a Diesel engine

In this part, the behaviour of DME will be described with the help of an experiment by
Daihatsu Diesel and JFE Engineering. They have built a 4 stroke engine with a power output
of 1.25MW 7. In this test, the engine was running on MGO and DME. Then, the results of the
two different fuels were compared and a conclusion could be made out of the results. DME
had some drawbacks as was mentioned before; lower calorific value and poor lubricating
properties.
Below are the specifications of the DME engine.

The figure at the right compares the combusting pressure of the two fuels. It can be
concluded that the combusting pressure of the two fuels is nearly identical, just a little
change in pressure. Same story for the heat release rate.
When a Diesel engine starts cold or is put on a low load, smoke will be visible. When
operating on DME, there was no (black) smoke when starting cold and at a low load.
In the figure next right
is a comparison in CO
production as function
of engine load.
Concluded can be that
an engine running on
MGO produces more
CO than DME at low
loads. When increasing
load, this difference
nullifies. The reason for this difference can be found in the chemical structure of the two
fuels. DME is a small molecule with only two carbon atoms per molecule, while MGO has
very many carbon atoms per molecule. When running at a low load, the combustion
process is not optimal and there is not enough oxygen for every carbon atom. So CO
emission will be greater when using MGO than when using DME.
The next result was about the emissions of DME compared to MGO.
The amount of SOx is zero, because DME does not contain any sulphur. The amount of NOx
can be reduced to 1/30 of NOx exhausted by conventional engines by using an exhaust gas
recirculation system. The thermal efficiency does not drop by using an EGR.

7

Note: Paper NO 096 Development of 1,25 MW DME Diesel Engine
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5.4.

Fuel injection system DME and injection properties

As told, DME has a lower density than oil based fuels and must be pressurized tot 5-6 bars
to ensure it is liquidized. When constructing a fuel distribution system for DME, these
disadvantages must be kept in mind 8.
A low density results in poor lubrication and this a major disadvantage of DME. Feed
pumps, high pressure fuel pumps and injectors will experience more wear due to the
absence of lubrication. The viscosity of DME is 0,185 cSt at 25˚C (31). The viscosity can be
raised by raising the pressure and cooling the DME. See figure for this relation between
temperature and pressure.
Raising the pressure to 500 bars is
not really a good option, but keeping
the DME cooled at 0˚C might
improve it a bit. Another solution
could have been lubricity additives
(33), but the results with these were
unsatisfying and pumps still had
premature wearing. Another option
could be to build in a separate
lubrication system which has the
purpose to lubricate the rotating
and moving parts of the pumps and
injectors.
Another
problem
is
the
compressibility of DME. DME is
easily compressed due to a low
bulk modulus. The bulk modulus is
a measure for the resistance
against being compressed. Oil has a
2,3 higher modulus than DME, so
the compression energy required
for DME will be greater than when compressing oil. See the figure to the right for the
relation between pressure, temperature and compression work. (20) This is a energy loss
which must be kept in mind.
As told on page 11, DME has a high cetane number, which is good for the combustion
process. The reason why DME has a good cetane number, is because the molecule DME is
build up by two C-O bonds, which break more easily than C-C bonds or C-H bonds, found in
oil. This property results in a shorter ignition delay and contributes to cleaner air and less
noise (42-44).
8

Note: Combustion performance and emission reduction of automotive DME engine
system. All number between sentences refers to references used by this source.
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Another drawback of DME is the lower energy density. It means that more DME must be
injected per cycle for the same energy output. There are some ideas to improve this, like
using LPG/DME blended fuel. But there are some problems with it. LPG has a higher energy
density, but a low cetane number. At low engine load, the combustion is quite unstable,
with much pressure variations. At high load, this problem is almost gone. (126)
When injection DME into the chamber, back pressure experienced, due to the fact that
DME must be pressurized to 5-6 bars. This backpressure affects the needle motion in the
injector and will be a negative influence on the efficiency of the engine, if not countered in
a proper way.
Fuel combustion process
Before fuel combusts, it must first mix with air into an explosive mixture before it can
ignite 9. The whole ignition process can be divided into four phases.
The first phase is the injection of the fuel in the combustion chamber. The droplets of fuel
are intensively heated and mix with the air. The droplets of fuel will vaporize and when a
mixture is formed that can ignite and at the same time reaches its auto ignition
temperature it will combust. The time between the start of the injection and the ignition is
called the ignition delay. Heavy Fuel Oils have a long ignition delay due to the molecule
structure of heavy fuels. HFO molecules mainly consist of big molecules with C-H bounds
and C-C bounds, which do not break as easily as the C-O bounds of DME. Gasoil has a much
shorter delay.
In the second phase, the droplets spontaneously ignite . The pressure and temperature
inside the chamber rise rapidly. This phenomenon is called the uncontrolled combustion.
The longer the ignition delay, the stronger the rise in pressure and temperature will be in
this phase. This will cause extra forces on the piston and cause extra wear. This event
happens mostly with fast moving 4-stroke engines.
In the third phase, the fuel burns at a controllable rate. This is called the controllable
combustion. The pressure and temperature do not rise that rapidly anymore.
In the last phase, fuel injection is ceased but not all the fuel has been burned yet at this
moment. This after combustion is normal to some degree. All the remnants o fuel must be
burned now, otherwise it will influence the engine in a negative way.

9

Book: Maanen, P. van, (2000). Scheepsdieselmotoren, Combustion performance and emission
reduction of automotive DME engine system
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The figure above gives an overview of the cylinder pressure versus the angle of the
crankshaft. Phase 1 is the ignition delay, 2 the uncontrolled combustion, 3 the controlled
combustion and 4 the after combustion. The longer phase 1 will take, the steeper will the
line e-f be. This will result in extra forces which are not favourable. Fast rotating 4-stroke
engines experience this phenomenon when starting. The temperature is low and a long
ignition delay will occur. It will make a loud noise which is called ''Diesel knock'' The after
combustion in phase for may not take too long, otherwise remnants of fuel will leave the
engine via the exhaust gases. The exhaust gases will become black . This occurs mostly
when an engine is overloaded. The ratio fuel/air is off balance and not all the fuel can be
combusted with air. This is bad, because the engine will overheat .
Fuel injection
When fuel is injected, it is best to spray fuel in very many
little bits instead of one large chunk. The large chunk of
fuel will take much longer to heat and vaporize than the
little droplets that are injected in real. Little droplets have
a bigger reaction surface and will vaporize much faster.
Also important is to spray under a large angle. The bigger
the angle, the larger the spray and the more homogenous
the mix air/fuel will be, which results in a better
combustion.
The pressure at which fuel is injected is important for the
size of the droplets. A pressure of 800 bar will form
droplets of 20 µm, while a pressure of 500 bar will form
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droplets of 50 µm.(mainly the size of the injector nozzles is predominant. Smaller holes
result in smaller droplets, but to keep the injector flow at the same level one needs more
holes and/or higher injection pressures.
Another important thing is the moment of injection. When injecting fuel close to TDC, the
temperature inside the cylinder is almost to the maximum, just like pressure and density.
The spray angle will be wider and the evaporation rate will be high. This ideal situation is
not always possible. Four-stroke engines have a bigger fuel injection crank angle due to a
high rpm. A high rpm means a very small time interval for injection. This means that the
injection starts quite a distance before TDC. If injection would start near TDC, not all of the
fuel could be injected in time. The factors are not ideal when injection quite a angle before
TDC and the ignition delay will be significant. Two-stroke engines have low rpm and smaller
injection crank angle, so fuel can be injected closer to TDC, which provides more favourable
conditions.
The figure on this page is a fuel stream characteristic. The ASI is the angle between the start
of the injection and the captured moment. The lift-off represents the distance between
injector and de end of the stream. The longer this distance, the more reaction surface will
be for mixing air with the fuel. The brown zones represent a uncompleted combustion, the
red zone is a zone of no combustion due to the absent of air. The green lines are the zones
of complete combustion, the ideal situation.
The injection of fuel is a very complex story, due to the many parameters that influence it.
Injection of DME
Test with injection of DME indicate that the spray angle of DME is wider than of gasoil. This
is positive, because a wider spray will lead to a better homogeneous mix of fuel and air and
will decrease the delay of ignition. The size of DME droplets were bigger than of gasoil, due
to the low viscosity. Fuels with a higher viscosity break more easily into smaller droplets.
This may look like a very bad thing, but the evaporation time of DME is much lower than of
oil. This makes DME a superior fuel compared to gasoil. The ignition delay will be short and
the extra pressure and temperature caused by the uncontrollable combustion will be
lessened than when using oil.
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6. Conclusion
The conclusion that can be made is that DME has its potentials and problems. As explained
in the paper, DME has a lot of advantages like much reduced exhaust gases like CO2, NOx
and no SOx., and hardly any PM. This makes DME a good alternative for Tier III and instantly
solves all the problems for ships who cannot comply with regulations of Tier III. DME shares
a lot of properties with Marine Gas Oil and it is proved that an engine can run on DME. DME
is clean when combusted, no ash and particle matter are formed. DME can be produced in
various ways and most importantly, it can be produced on an ecological way. By producing
bio-methanol, bio-DME can be produced. Bio-methanol does not take the agricultural lands
like other bio fuels like biodiesel. DME is as safe as oil based fuels and does not require
intense cooling like LNG or LPG to maintain it as liquid. DME can be liquidized by 5-6 bars of
pressure. This makes DME far more favourable than the well-known LNG. But DME has
some disadvantages. The energy density of DME is 28 MJ/kg, far less than the 42 MJ/kg of
MGO and 40 MJ/kg for HFO. DME has poor lubricating properties and this is a major
problem for the fuel pumps and injection system. Also, the compression work of the high
fuel pumps is greater than when compressing oil. Furthermore, the injection system
experiences a backpressure when injecting DME into the chamber. The needle motion is
delayed as a result. Despite these difficulties, we trust that these technical difficulties can
be overcome. But when DME becomes a serious alternative fuel, production of DME must
be increased significantly, the production of DME at the moment is too limited, and the
infrastructure should be developed like LNG. Another problem is the sheer anonymity of
DME. DME is almost unknown to the population, despite its potential. DME should be more
familiar like biodiesel and wind energy.
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8. Attachments
8.1.

TimeSchedule

Week 1
Week 2
Week 3
Week 4
Week 5
Week 6
Week 7
Week 8
Week 9
Week 10
Week 11
Week 12
Week 13
Week 14
Week 15
Week 16
Totaal

Timothy van
Heest
2
4
4
6
4
5
6
0
0
0
6
9
6
9
7
8
76

Alex van den
Berg
2
4
3
5
3
6
4
0
0
5
6
8
6
10
8
7
77

MichealKrul

Kasper Renes

3
3
5
3
6
4
5
0
0
6
7
6
5
11
9
7
80

4
5
2
3
5
6
5
0
0
5
7
5
7
10
10
5
79

Inger van
Vuuren
3
3
4
4
3
7
5
0
0
4
8
6
6
11
8
7
79
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8.2.

Bunker specs & Instructions
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