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1. Background
A number of regulations will come into force with regard to emissions from shipping 2016. The
regulations will be that strict that many ships will not be allowed to enter the port because their
emissions do not comply with the regulations. Many ship-owners will not be able to enter into the port
because of the regulations. They have to comply with Tier 3 in the ECA (Emission Control Areas).
Therefore the ship-owners have to face a difficult decision:
Should I follow the tier 3 regulations so that my vessel(s) is able to enter the port or should I not
follow the tier 3 regulations and deny my vessel(s) from entering the port?
When the ship owner does not comply with the regulations, then he will not be able to enter the ports
anymore, so therefore the option of ports will be dramatically decreased. Making the vessel
compliable would be the best option, almost every port will proceed to tier 3 in 2016.
A ship owner could build a new ship or modify an older vessel, or build in a whole new engine in the
old vessel. The fastest and most sufficient option would be to modify the vessel.
Our vision is to reduce the emissions of the engine, without having to make structural changes to the
ship.
The regulations can also force the ship-owners to retrofit. When a new regulation in an area comes
into force, then the owner has a number of options: Comply with the regulations of that area;
Discharge the old vessels and replace them with new ones; Retrofit the old installations and comply
with the new regulations; Shift the market of the ship-owner to another area.
Shift the market of the ship-owner to another area:
The market shift is the most inexpensive solution, only this is not always possible because the demand
for that which is shipped is not the same everywhere. Also, the new regulations cover a large area of
the world and are also global regulations.
Discharge old vessels and replace them with new ones: this is an expensive operation that can be
performed by the ship-owner. It will in this case not only cost money, but also go to the time it takes to
replace the entire fleet with new ships.
Retrofit the old installations and comply with the new regulations: It is a relative time-saving
procedure that can be done. Compared to a whole new ship build it is faster. Furthermore it will the
time be carefully examine that it takes to install an installation, and to build into the vessel. Because
the ship is not sailing during installation so she does not earn money for the owner.
Without going in depth of all of these options, retrofitting is the most suitable for all the ship owners.
The term retrofitting is very broad, it contains a lot, for example: Propeller upgrade, switching fuel
nozzles and even engine replacement. That is why we only focus on exhaust gas retrofitting.
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2. What is retrofitting?
Retrofitting is installing a modular system in an existing system, with the purpose to increase the
system’s efficiency. An old part will be replaced by a completely different new part; therefore the new
part should replace the function with a higher efficiency. It is sometimes more efficient to keep the old
installation instead of buying a whole new one. That has led to an increasing upcoming principle in the
maritime sector; retrofit/refit. Instead of replacing the whole new system, some parts will be replaced
for the means of reducing the emissions, increasing its performance. Installing a smaller module into a
system (for example into your main engine) will be faster than installing a whole new main engine,
when the old one is outdated. That is also a reason why Retrofitting is more often seen in the maritime
section than it is commonly known, such as in:
- Power management system;
- Propulsion control system;
- DP interface;
- Propeller upgrade
- Bollard pull upgrade;
- Pulling power upgrade;
- Propeller blade straightening;
- Blade and hub welding;
- Valve fuel injector;
- Water emulsion system;
- Exhaust gas recirculation;
- Silicone antifouling;
- Selective catalytic reduction.
- Changing from glowing lights to LED lights
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3. What are the regulations about exhaust gasses in the Port of
Rotterdam at this moment, and what will be the regulations in 2016?
The fuel sulphur capacity will drop to 5,000 ppm in 2020 (pending a fuel availability review in 2018).
Under the new geographic standards, ships which are operating in designated ECA will be required to
use engines that meet the most advanced technology-forcing standards for NOx emissions. Fuel with
a sulphur content not exceeding 10,000 ppm in the first phase of the program, and 1,000 ppm in the
second phase of the program.

3.1 NOx Rules
The regulations about NOx exhaust gasses started in Annex VI on 1 January 2000. This was called
Tier 1. This applied to almost all vessels, which are complying with the rules and were built after May
19 2005.
Tier 1 was 17 g/KWh with minimum RMP (see table).
On 1 January 2011 Tier 2 started and lower the maximum NOx with 15% -22% than Tier 1. This is
much less NOx on yearly basis. A reduction of 2,5 g/KWh when compared to Tier 1.
On 1 January 2016 Tier 3 will start in the ECA (Emission Control Areas). When a vessel is in an ECA
the vessel must comply with Tier 3. When a vessel is outside the ECA it must comply with Tier 2.
Tier 3 will reduce the emission with 80% from Tier 1; this will bring the NOx emission to an almost
minimum of NOx emissions, this is
less than 4 g/KWh.
-Vessels that have Marine diesel
Engines, and with a length of the
vessel less than 24m, and an engine
power less than 750 kW, also need to
comply to other rules.
- By vessels built before 2000 with an
output of more than 5000 kW and a
cylinder displacement >90 litres, Tier
1 is applicable.
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3.2 SOx Rules
The rules around SOx will also be sharpened, just
like the NOx rules, it is devided in steps.
Globally before January 2012 the SOx emissions
were above 4,50% and have been lowered to
3,50% prior to 1 January 2020. From this year it
will be 0,5%.
SOx emissions in the Emission Control Areas are
different then the global standards prior to 1 July
2010 the emissions where higher than 1,5%, after
1 July 2010 until 1 January 2015 the emissions
will be 1,00% and after 1 January 2015 it will be
lowered to 0,10%. But only if it is feasible
In 2018 IMO will come with a research about
SOx. When it is not possible for vessels to
comply, then the regulations will be suspended
until 2025.
The ECA established are:
-Baltic Sea area (SOx only)
-North Sea area (SOx only)
-North American area (expected to enter into effect 1 August 2012), (SOx, NOx and PM)
-United States Caribbean Sea area (expected to enter into effect 1 January 2014) ,(SOx, NOx and PM).

Group 3

Page 5

6 december 2012

[RETROFITTING]

4. How can NOx and SOx be reduced in the exhaust gasses?

4.1 What are the effects of the NOx and Sox
The NOx and SOx in large amounts, cause environmental problems, Such as acid rain, smog, health
problems to humans, damage to the flora and fauna, and they increase the greenhouse effect.
The NOx:
NOx causes a wide variety of health problems and environmental problems, because it contains a
various compounds of nitrogen oxides. The NOx will in large amount cause phenomenons like acid
rain, nitrous oxide, nitrates, and nitric oxide.
Effects of NOx to the environment:
According to the IPCC (1999) report, ‘Aviation and the Global Atmosphere’, and many other studies,
aviation NOx emissions at cruise altitudes result in an enhancement of ozone (O3) in the upper
troposphere and lower stratosphere (UT/LS), and the destruction of a small amount of ambient
methane (CH4), of the order of approximately 1-2% of the background concentrations (IPCC, 1999).
The enhancement of O3 results in climate warming, whereas the reduction in CH4 is a cooling effect.
These effects are usually assessed in terms of changes in global mean radiative forcing (RF), because
of the linear relationship between a change in global mean RF and a global mean surface temperature
response.

The SOx:
No gaseous sulphur compound is a permanent or long-lived constituent of the atmosphere. The short
residential time for sulphurous gases is a consequence of rapid oxidation: The sulphur and its gaseous
compounds hydrogen sulphide (H2S) and sulphur dioxide (SO2) are oxidised to the gas sulphur
trioxide (SO3), which dissolves in water droplets of the clouds to form the sulphuric acid (H2SO4).
This process is responsible for acid rain. However a significant concentration is neutralised by gaseous
ammonia in the atmosphere to form corresponding ammonium salts e.g. ammonium sulphate (this is a
secondary particulate).

4.2 Creation of SOx and NOx.
During combustion in the engine some exhaust gases will form, two of these are important because
these are very well known for their harm to the environment. These are NOx and SOx. To reduce the
amount of these gases it is important to know how they are formed.
4.2.1 SOx
These gases are mainly created of the sulfur that is in the fuel. Only a small amount of these gases
comes from sulfur that was already in the air (less than 0,017481%). On the moment the fuel burns the
following chemical reaction will take place
S + O2 → SOx

This product is very harmful, it is a stable product as long as it is in water. However it will get
seriously dangerous if water is added to pure toxic. This can cause an explosion. This is an example of
what happens then.
SO2 + H2O → H2SO3
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4.2.2 NOx
This gas forms partly from nitrogen which exists in the air (N2) and partially from nitrogen that exists
in the fuel (CN). This substance mainly doesn’t form as a combustion product, this forms as a side
product. The gas is mainly formed by high temperature and only partially by the flame, according to
the following reaction:
N2 + O2 → NOx
When this product reacts with water, nitric acid or nitrous acid forms. Both of these are a cause of acid
rain. If it is about nitrous acid, it would be about the following reaction, the product is the acid.
NO2 + NO + H2O → HNO2

4.3 Where can the NOx and SOx be removed
The NOx:

The SOx:

Can be removed after the emission with a SCR or EGR;
When the exhaust gas temperature is lowered, then a lesser amount of NOx will be
formed.
Before the emission > at the oil refinery to lower the amount (%) of sulphur;
After the emission with a scrubber > By letting the exhaust gasses pass through some
Liquids so that the sulper oxides / dioxides react with the liquid and become a liquid.

4.4 Principles of the system
The system can be divided in three sections based on how they work.
The first method is the chemical method. This method uses chemicals to reduce the amount of SOx or
NOx. This method is by far the most efficient which will be explained in chapter 5.
Systems like this require a product that has to react with the SOx or NOx in the exhaust gas.
The second method is the mechanical way to reduce the amounts of SOx and NOx. This refers to the
exhaust gas recirculating system. This system uses mechanisms to lower the amount of NOx and SOx
and eventually ends up at the third method.
The third method is basically used in the Humid Air Engine, in this system the combustion
temperature is lowered to prevent the nitrogen to react into NOx. This method has fewer requirements
than the chemical method. But it also has some disadvantages; the main disadvantage is that by
lowering the combustion temperature the efficiency of the main engine will be lower.
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5. What are the retrofitted systems, for the filtering of exhaust gases and
what are the advantages and disadvantages?
The systems can be divided in two categories the NOx Systems and SOx systems. Every system will be
explained; at the end of each description the advantages and disadvantages will be mentioned.
Further in this chapter a table will be discussed. This table shows the efficiency of the system and if
the systems comply with the regulations of Tier III.

5.1 Systems
The systems can be divided into two sections:
The retrofitting systems which reduce the NOx;
The retrofitting systems which reduce the SOx.

5.2 NOx
5.2.1 Humid air motor
The Humid Air Motor technique uses hot charge air to which water vapor is added to cool down and
reduce the NOx formation during the combustion process.
All water injection techniques are said to be
associated with risks for disturbed lubrication
films inside the cylinders, which may increase
cylinder wear.
So far only one ship has applied the HAM
method in daily operation; Viking Line´s MS
Mariella. Their experience with the method is
long. HAM has been in use since 1997. SAM
and Wetpac are similar techniques. The
difference is in the use of water.
The HAM on Mariella uses water from the Baltic Sea (brackish), which is economically advantageous.
Roughly, about three times as much water vapor as fuel is introduced into the engine to achieve 70-80
% NOx reduction. The water amount necessary for the voyage between Stockholm and Helsinki is
around 60 tons. The incoming water is filtered in order to separate algae and other solid water
pollution. Filter cleaning is an additional part of the maintenance, which may cause some work during
periods of algae pollution. Mariella uses two parallel filters with an alarm system for cleaning. Test to
use salt sea water (in France) have been successful, even if there are some reports that sodium content
of the water may be a problem (Det Norske Veritas, 2005). Almost saturated salt solution was tested in
lab. 95 % of the water is recirculated, 5 % is bled off to the sea in order to control the content of salt in
the process.
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Advantages
Reduced NOx
Prevents deposits in the chamber and the rest of
the exhaust gas apparatus

Disadvantages
Increases specific fuel consumption
Increases the amount of smoke in the exhaust
gases.
Use of waste heat limited
Large system

5.2.2 Selective Catalytic Reduction (SCR)
The SCR system is based on a
reaction between urea which is
decomposed to ammonia (NH3) and
the NOx in the exhaust gases. The
reaction between those two
substances forms nitrogen (N2).
NH3 + NOx → N2 + H2O
Urea solution is injected into the hot
flue gas after the combustion. SCR
can be installed in or after any type of
motor, as long as the flue gas
temperature is in the specified
temperature interval, from 270 °C up
to 500 °C, usually around 320 °C.
The urea injection is automatically
tuned to power changes in the engine.
The catalyst is made from titanium
oxide and vanadium oxide and
consists of small exchangeable units (monoliths of extruded ceramics).
There seem to be no restriction on which type of ship that can use SCR, as long as the temperature of
the exhaust gas can reach the temperature 270 °C or preferably around 320 °C. SCR is an add-on
exhaust treatment system, working with almost any type of engine. Most experience is gained using
SCR on 4-stroke medium and high speed diesel engines On the 4-stroke engines the SCR is normally
placed in engine room casing. SCR-systems have also been fitted on slow speed 2-stroke engines. In
this case, the SCR is positioned in the exhaust channel before the turbocharger in the engine room.
According to the above the two stroke engine with an SCR – system is harder to build. This is mainly
because the SCR system has to be placed next to the engine. In addition, the four stroke engine with
the SCR – system is easier to build. This is because it is common that the system is built in the casing
of the engine room.

Advantages
Reduced NOx
Long lifetime
Lower fuel consumption compared to EGR

Group 3
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Formation of ammonia slip
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5.2.3 Exhaust gas recirculating (EGR)
The EGR system reduces NOx emissions by directing part of the exhaust gas back into the scavenge
air of the engine. This reduces the oxygen content of the air in the combustion chamber, thereby
reducing the combustion temperature. The lower combustion temperature results in a reduced
formation of NOX.
The EGR system reduces the formation of SOx up to 19%.
This is already really high due to the fact that the system is
designed to reduce the formation of NOx. The system reduces
80% of the NOx production by its own. That is enough to
comply with the regulations of 2016.
In addition to EGR process tests in Copenhagen, it is
necessary to assess the effect of EGR on the engine over a
period of time, particularly with the use of Heavy Fuel Oil
which contains sulfur and is the most common form of fuel
on low-speed two-stroke marine engines.
This test has been applied on a vessel of MAERSK named
Alexander Maersk; the vessel has been sailing with the system from July 2009 until January 2010. The
test results appear to be positive, the result can be seen on the website of HERCULES-B,
PARTNERS’ FORUM, 15 March 2011.
Advantages
Reduced NOx
Potential reduction of throttling losses on spark
ignition engines at part load
Improved engine life through reduced cylinder
temperatures

Disadvantages
Production of particulates
Reduced peak power
Unequal distribution EGR gases
The EGR valve cannot respond instantly to
changes in demand
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5.3 SOx
5.3.1 The exhaust gas scrubber
Besides reducing the amount of sulphur in the fuel, there is another option which would also lower the
SOx emissions.
The exhaust gas scrubber is a system that reduces the amount of SOx. This is all based on SO2 + H2O 
H2SO3 (sulphurous acid) SO3 + H2O  H2SO4 (sulphuric acid). It is either done with salt or with fresh
water; if it is done with fresh water then NaOH (sodium hydroxide/caustic soda) is required.
Commonly there are two types of scrubbers; Wet scrubber, Dry scrubber. For marine use, wet
scrubbers are so far dominating the market. As of beginning of 2011, only one vendor is known to
commercially offer dry scrubbers. The wet scrubbers can be divided in three sections:
- Scrubbers are used to remove SOx and particulate matter from marine engine exhaust;
- EGR (exhaust gas re-circulation) scrubbers are used to remove SOx and particulate matter from
recirculated exhaust gas to prevent fouling and corrosion of engine components.
- The EGR itself aims at reducing NOX from the engine exhaust;
- Inert gas (flue gas) scrubbers used to remove SOx and particulate matter from gas being used as inert
substitution in tanks and pipelines on board ships.
The scrubber installation consists basically of the scrubber unit itself mounted on the exhaust outlet
from the engine, followed in most cases by a wash water treatment and finally wash water discharge. 1
2

1. Open scrubber system: the washing water can only pass the cleaning unit once
2. Closed ‘’re-circulation’’ system: the washing water is being recirculated.
A wet scrubber’s efficiency is dependent on the
wash water flow inside the system, and it varies
between a 65 - 90% reduction of SOx.
Manufacturers of wet exhaust gas scrubbers
report from 90 - 99% sulphur removal rates given
favourable operating conditions.
Both system weight and volume will be of
particular importance on retrofits, whereas in new
buildings the system can easily be fitted during
planning. Installation should be made
downstream any exhaust boiler or economizer.
Also, some scrubbers may be able to replace the
exhaust silencer, leaving extra space available.
Most commonly the scrubber unit is installed inside or outside but adjacent to the existing funnel.
The wet scrubber systems on board of ships that are equipped with fresh water recirculation require a
process tank. Indications are found that the process tank should be around 10 – 40 m3 depending on
the size of the engine.
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Advantages
Reduces SOx in exhaust gases
no limestone has to be stored on board
no waste (gypsum) is produced, which has to be
deposited on land,
the seawater already contains substantial amounts
of sulfur and nitrate

Group 3

Disadvantages
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Change of fuel

When a vessel is entering the port of Rotterdam or any other emission controlled area then changing
the fuel type is also a viable option to reduce the emission of SOx. . The oil that is used has a lower
percentage of Sulphur therefore it will reduce the amount of SOx within the exhaust gas.

Efficiency
In the table below are the systems discussed above, here the efficiency of the systems can be seen. The
first column shows what system it is. The second column shows how much the emissions are reduced.
The third column shows how much sulphur is left in the emitted gases. And the last column shows
whether that is enough for the new regulations in 2016.

SOx

Emissions

Amount of sulphur in the
emitted gas.
1.25%

Compliance with Tier III

Change of fuel
(from 2.7% to
1.5%)
Change of fuel
(from 2.7% to
0.5%)
Salt water
scrubber

±55%
reduction
±80% reduction

0.54%

No

65 – 94% reduction

0.94% to 0.16%

Yes

NOx

Emissions

Compliance

Humid Air
Motor
Selective
Catalytic
Reduction

70-80% reduction

Amount of nitrogen in the
emitted gas.
1.95 – 1.30%

90% reduction

0.65%

Yes

Group 3
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6. How is retrofitting applied on vessels?
6.1 Requirements
The fitting of the systems is a combination of what space there is to offer and requirement of enough
mounting point on the frame. Due to ship purpose, the space can be limited for example a course ship
and a fairy have booth small engine rooms for optimal use of their space layout. For these kind of
vessel special adapted retrofitting systems have to be made. For the placement of the retrofitting
system there has to be kept in mind that there should be mounting point connected to the ship
foundation, the systems at hand have a fair amount of weight and could give residualing vibrations,
these forces have to be diverted in to de ship foundation so there cannot be any damage to ship already
existing parts.
6.2 Advantages and disadvantages
the main advantage of Retrofitting systems is that they aim to be easy to place in a vessel. The engine
will probably not need to be rearranged. As a direct result, retrofitting systems is also cheaper than
overhauling the ship, it found few modifications instead.
Because retrofitting systems are easy to place, the systems will therefore not very substantial. This can
be an advantage or a disadvantage. If you look at the advantage is, that means the engine is not (less)
full.
6.3 Maintenance
Some general disadvantages are that the systems are small, as already mentioned. The consequence of
the small systems is that the components are also small. This can mean two things, the first is that the
maintenance will be more difficult. This is due to the fact of the small components, and may therefore
also be difficult to reproduce. The second consequence is that the systems contain small parts. This has
the result that very careful maintenance is required in terms of deviations from the wear parts.

6.4 Compatibility
Another disadvantage of retrofitting is that it is dependent on the complexity of the existing system. If
the already existing system is highly complex, then a modification to such a system would be difficult.
However, this can also be viewed from the positive side, a retrofitting system can also be simple.
One aspect that should not be forgotten is that the functionality and performance of the retrofit systems
are optimal, if the changes do not exceed over 30% of the original system amounts. This can be
viewed from two sides, it may mean that this is a limitation of modular systems. Or men takes it as an
advantage by keeping this in mind when modifying the system.
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6.5 Goals and law
For retrofitting systems themselves are few rules, however, the safety and other aspects of the machine
should comply with the regulations of the machinery, it needs to be 're-approved', this depends on
how drastic the change is. This can be found in the references.
Retrofitting may consist of a number of goals, these may include:
- Expansion of existing systems
- Reducing the program duration
- Optimize the drive systems
- Increase productivity
- Saving of energy
- Comply with legal requirements
6.6 Other applications
Retrofitting is applied to ships as referred in the last few chapters. In addition to this application, it can
also be applied in other ways. Retrofitting systems are for example also used in factories to improve
processes or renew. Another example is the retrofitting of a building. For example, a building retrofit
system into building for the resistance of earthquakes.
6.7 Installation
The installation of a retrofit system is very dependent on the system that it is being paced on. Some
retrofitting systems consist of several modules, or only minimal parts that must be replaced. The
retrofitting of a system does not always mean that the system increases in size. It may also mean that a
part of the system is replaced by the new system. For a general description of the installation of a
retrofitting system than is a look of the idea of retrofitting important. The retrofitting of a system is
nothing more than installing / extensions of improved components in an old system. At the most easy
to understand example: such as a bicycle. Then it'' old'' bike can be retrofitted by LED lighting for
example, or a hub dynamo. As shown above, it is very dependent on the system and the new
application.
The main point of this chapter deals with installing the equipment. Each retrofit system is different and
the place of every installation is also different. Therefore, there is not a permanent way the installation
proceeds. However, this can be generalized, as an example, a particle filter used by Wärtsilä.
Before it can be installed there must be determined that whatever the system is using is present. That
is, in this case, fuel, air, electricity, and a reactant. The reactant ensures that the soot from the exhaust
gas is removed.
Then the space where it will be built, are made available. And any other preparations of the ship will
take place.
Now this system consists of several parts. A fuel supply system, an air supply system, a switchboard
and the system itself.
How this is a screw and bolt is installed, which is not described here. This depends for a part of the
ship, and as well of the filter. What are talking about can be said is the following;
The system consists of 4 parts, these parts can actually entirety be placed inside of the system. What
there is still lacking, the compounds of the original system. Once it is installed, as well as the
compounds of the systems, the system is in fact ready for use.
What now remains to be done is a test, this will be done to make sure that the system is working
properly. Once this is done, the system is retrofitted.
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For example this is a case story of an installation of an SCR system done by Hyundai on a MAN

B&W engine. Source*
In December 2000, an order was received for the installation of an SCR unit on the
Norwegian owned LPG-carrier Navion Dania, equipped with a 6S35MC main
engine.
The question of installing an SCR unit on this ship had already been raised in
1999 when the ship was being built and, in order to facilitate the possible later
installation, the ship and engine were prepared by Hyundai for this option, i.e.
space was made available for the installation of an SCR reactor of the proper
dimensions.
The urea storage tank was prepared and, on the engine side, the sizes of
turbochargers and auxiliary blowers were laid-out for the installation of an SCR
unit. For contractual reasons, the ship had to continue its operations, so the major
part of the installation work was carried out while the ship was in operation.
The SCR installation work that, normally, would require off-hire was performed
during the scheduled guarantee inspections of the vessel. The SCR test trial was
completed in July 2001 and the vessel has since then been operating with reduced
NOx emission from the main engine
*source

*source: see chapter 8 question 6.
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The most common solution is that the SCR reactor is costume-made.
The space requirement for an SCR unit in the engine room is considerable, on top of which
the piping and the mixer between the engine and the SCR catalyst also require a lot of space,
so the design. task is to make the SCR system as compact as possible while, at the same time,
ensuring easy access for maintenance and operation.
As can be seen in Fig. 26, MAN B&W examined a number of alternative designs of
SCR reactors.
If ammonia is used as the medium for NOx, the tank should be located on deck. In the case of
urea, we recommend that a tank within the hull structure be used, to lower the cost. Having
such a tank in the hull will also minimise the space requirements, compared with the
installation of a tank on deck.
If it is not possible to find an appropriate tank on board, the tank could be built into
Containers
Property of MAN B&W *

*source: see chapter 8 question 6.
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7. Conclusion
Retrofitting is a comprehensive concept and generally advantageous for shipping. This gives the ship a
chance to update their installations on board without actually replacing them. Now it is often the case
that the systems require a certain amount of space and that it is not always possible for each type of
vessel. This is must be taken into account when installing these systems. Each installation on a ship is
using a different protocol, there is not always the same amount of space available, for example a ferry
compared to a tanker. The extra size requires extra space to be made or the system will have to be
placed somewhere else. Retrofitting requires each ship to have a different approach. The new systems
installed on board ships requires additional knowledge of the crew, the crew must be properly
instituted in the use and handling of the new system. Provided the system of a given size will be a
certain time to be placed, so that results in the ship its berth. This ship will not sail and not make
money, which is also an important aspect for the ship-owner.
It can be concluded that all the systems mentioned have good capabilities. However, this is not the
most important. The most important aspect in this report is retrofitting itself. In order to discuss the
issue of the systems, we will mention the following:
All systems appear to be working for their own specific task. They are not all equally effective yet
they have their own profit. Because they do not all work the same, they are divided into categories, the
chemical, mechanical and lowering the temperature. The first appears to be most effective, however,
this is also the most expensive method. There will be a consideration to be made.
We think that retrofitting is a major role for the ships built after 2000 because of the new regulations.
This is because of the harbours that are in the area, where the new regulations will come into force, are
very important for the ship owners.
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8.3 Methods of research
Chapter 2:
This information is gathered by the usage of quantitative research, mostly by taking with experts
such as Theo Kloosterman.
Chapter 3:
We started this project with a lot of interest for the Maritime Innovation, at first we started our desk
research by searching the whole internet. I started with the most relevant website of regulations, the
IMO herself. I found a lot of information there about the regulations, written in Annex VI. After that i
searched more sited and compared them all together, to find the best information. At last we did an
desk research. Together with Jeroen we went to the TU-Delft to talk with Koos Frauws about
retrofitting. It was an interesting experience, and i learned a lot of this project.
Chapter 4:
This chapter is made of Quantitative and qualitative research, this information was gathered by
usage of scientific researches. Therefore a lot of pdf files were read for the gathering of information
about the coming about the NOx and SOx.
Chapter 5:
The information of this chapter is gained by both quantitative research and qualitative research. First
qualitative research was done, and after that the research was checked through quantitative
research.
Chapter 6:
The information in this chapter was gained through qualitative research. The information was from
the interviews mentioned in the appendixes.
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9. Appendix
Theo Kloosterman van Damen
Project retrofit, is in development so shipbuilder and ship owners can see if a ship can be retrofitted
by the use of a program. It is an four year project that will be finished in September 2014.
The tools has parameters like, type of ship, build, purpose a car-carry or a fairy.
The fitting of the systems is a combination of what space there is to offer and requirement of enough
mounting point on the frame. Due to ship purpose, the space can be limited for example; a cruise ship
and a ferry have both small engine rooms for optimal use of their space layout. For these kinds of
vessels, special adapted retrofitting systems have to be made. For the placement of the retrofitting
system there has to be kept in mind that there should be a mounting point connected to the ship
foundation, the systems at hand have a fair amount of weight and could give residual vibrations, these
forces have to be diverted in to de ship foundation so there cannot be any damage to ship already
existing parts.
An important aspect of fitting these systems is the time a ship will be out of use. As well the age of a
ship is an aspect where the ship owner could keep in mind before making the decision of retrofitting or
overhauling. For example as a ship would lie in dock for two months to install a new engine or the
ship will be discontinued after three years, the option of a large overhaul is less attractive but
retrofitting would be a solution. “Short” not in action time and if a ship is decommissioned in a few
year than this is a cheaper option.
Boudewijn Hoogvelt CMTI
As well as Damen CMTI is in evolved in the project of retrofit.
CMTI where one of the project leaders on the retrofit.
CMTI is the project coordinator. The partners represent all aims at knowledge and tools to retrofit
ships for more environment-friendly and efficient operations. The project is driven by the ever
increasing pressure of regulations in the field of emissions. RETROFIT will be of benefit to ship
operators, system suppliers, shipyards, engineering companies and knowledge institutes.
The aim of the research is to select candidate ships for retrofitting, to select measures, systems and
components to reduce emissions and finally to develop tools to judge the effect of retrofit options. The
choice of worthy candidates and effective technologies is strongly determined by the condition of the
ship, the remaining life and the future legislation. The project will contribute to a cleaner environment
and a positive attitude towards shipping.
The project has been developing a tool, to conclude if a ship can be retrofitted.
The tool has to look at age of the vessel as well as the foundation.
CMTI was asked what they thought LNG was the one of the best/ better options. The ship could run
on full LNG or on a combination with mdo.
But the reason why it is not the new big thing is that it is not fully understood, ( although LNG is in
the rise now) the reason people are sceptic is that LNG could be highly explosive and bad fore the
environment. LNG is very bad for the environment, other than LPG LNG is very explosive.
The goal of the retrofit project was eventually reduce the environment footprint of a vessel. Besides
retrofit IMTEC is developing a black box so the footprint could be reduced by navigation assessment.
This black box would use information like weather, current and even factors like waiting time before
entering the harbor, these will be putt together to form a good picture so the captain can make his/her
decision that will hopefully laid to a more economic trip.
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Interview Koos Frauws, TU Delft
What are the applications of retrofitting?
You want to look first at the practical side. There is a better way to say that. You can better say:
there, where by an investment of economic and/or practical profit is to be gained, with modifications
to existing vessels, you can apply it.
In 2016 the regulations are tightened, what can you say about this?
There, where are rules, you have to comply with them. Everybody has to comply with the demanded
rules. So everyone has to invest, even though you only get profit by complying with the regulations.
Why would you recommend retrofitting to meet the requirements by law?
Retrofitting is in fact just updating of the vessel. A refit as it is named on yachts or on larger vessels
can always be done. Only just for the maintenance, and you see this on the costs of docking of the
vessel. This is not cheap, but it is needed from time to time. And then it is just the renewing of the
parts. While by retrofitting the vessel, it involves replacing existing machines by much better or new
machines to improve the performance of the vessel. It is in fact too expensive to replace the engine
for a complete new one, unless this gives a large profit on fuel consumption. What does make profit
on the engine is to look at the auxiliary systems and the timing of the engine, whether those can be
improved. This can increase the performance of the engine and lower the fuel consumption.
The dual fuel oil system, the diesel oil and the gas system, as developed by Wärtsilä, Can be used on
ferries in Norway. The impact of the emissions is in these cold areas much larger than in the warmer
areas. This is because the bacterial life in these areas is much slower, and thus the breakdown of
certain substances is much slower. This is a hot item within retrofitting.
When looking for replacing the main engine, you look for price levels you cannot earn back. You can
say this before considering. While adjusting the vessel, retrofitting, can be applied to improve the
performance which earns back much better. This is more interesting because of two reasons. The
first one is that the fuel changes to gas, this is much cheaper, and this gives fewer emissions. The
second one is that by adjusting the engine, you can move the optimal working points, and this can
improve the vessels performance by 5%.
What are the advantages of retrofitting?
Then, if you are talking about gas, you reduce the emissions. The CO2 emissions drop severe. This is
much like your last question. I already said it.
Is maintenance by using retrofitting more difficult or less?
The maintenance isn’t going to be harder or easier. You get another system which requires
maintenance too. That means that you get more maintenance.
Are there any standards in retrofitting systems?
Yes, the laws of nature which are applied on the systems. But there are no similarities between
retrofitting systems. Even if they are the same, but they are applied on a yacht and a container
vessel, they are different.
How do you see the future within retrofitting?
We are designing systems in ships, SCR systems and scrubbers aren’t designed here. That is
outsourced to other companies. We are designing the process and the chemistry behind the systems.
I would want and like to see that the systems on vessels are smaller and better. The scrubber system
on itself is a really old system; this was used in the past in the chemistry. The people, who are used to
scrubbers, must also learn to deal with SCR’s.

Group 3

Page 23

6 december 2012

[RETROFITTING]

You can chose to build in a modular system, but this depends on how old the vessel is. Sometimes it
is better, after a long lifetime of the vessel, to build a new vessel instead of retrofitting the old one.
The vessel is often dynamically no longer in order. Don’t invest in a vessel of which the fuel
consumption is way too high.
How do you see the environment?
Antifouling which lasts longer, and you can clean better are often really important and can save a lot
of money.
When was the term retrofitting founded (on the market)?
About five or six years ago. It is of course just upgrading any system, not rebuilding of the vessels. By
the new demands of the IMO, and the increase of fuel costs, some things had to change.
There is a close collaboration with Damen, Wärtsilä and Marin. Damen is more on the designing part
of it, Wärtsilä gives the knowledge from the engine factories about the existing options. Everyone
does his own job on retrofitting.
How do you describe the term ‘’retrofitting’’?
I think it is just upgrading and adjusting the system. Upgrading so that it can comply with the
demands, and improving the efficiency is more for the economical part.
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