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Introduction

Background
To comply with the new regulations in Tier III the maritime industry will have to look for new
solutions to reduce emissions. An indirect way of reducing emissions is improving efficiency. One way
of improving efficiency is making use of waste heat. This means a reduction of fuel consumption and
less SOx, NOx and CO2 emissions. The Sankey-diagram, see attachment, of an average marine diesel
engine shows approximately 30% of the fuel input is lost in exhaust gases. Our research focuses on
the possibilities of regaining this energy by means of absorption cooling. Absorption cooling is a
cooling method that uses a heat source to cool. This is different because normally electricity is used
to drive a cooling installation.
This project absorption cooling is given by Mr van Kluijven and Mrs van der Drift. They are working at
the Hogeschool voor de Zeevaart at Rotterdam.
The Project group consists of 3 students studying to become bachelors of maritime operations.

Aim and problem definition
The assignment of this project is to realize a reduction of emissions. This has to be done by means of
absorption cooling. To achieve this the following questions have to be answered:
Main question
- How can absorption cooling be used to realize a reduction of emissions?
Sub questions
- How does absorption cooling work?
- What are current uses of absorption cooling?
- How can waste heat be used for absorption cooling?
- What are possible applications for absorption cooling?

To achieve the project goal it is important to stay focused on absorption cooling. By using project
borders we prevent that we broaden our research and lose sight of our goal.
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The project borders
This indicates what the project group will investigate and what not to investigate.
With this project we will look at the possibilities for regaining energy from exhaust gases by using
absorption cooling. The system will be applied on board and the project group will search for an
application on board of a vessel.
The project group will not do the research in rules and regulations and the possible problems with it.
The project group will not investigate the exact investment and operational costs for the purchase
and the installation of the absorption cooling system.

Research method
The research for this project will be started with a desk research. A desk research is a research that
consists gathering and analysing information, already available in print or published on the internet.
There are two ways of research methods, quantitative and qualitative research. Quantitative
research involves analysis of data such as words (e.g., from interviews and documents), pictures or
objects. Quantitative research involves analysis of numerical data. This research consist mainly
qualitative research.
After the desk research a field research is started. Field research are all activities aimed at collecting
information using methods such as interviewing, telephone and e-mailing. This is also a qualitative
research.
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1. The absorption cooler.
An absorption cooler is an apparatus were waste heat is utilized to produce chilled water. In this
chapter the working principle of two absorption cooling systems are explained. The first system that
will be explained is the lithium bromide cooler, the second is the ammonia cooler. The difference
between those two coolers is the refrigerant medium.

1.1 Lithium bromide solution absorption cooler
In lithium bromide absorption coolers there are single stage and double stage coolers.
In the explanation below the working principle of a single and double stage cooler is explained.
1.1.1 Single stage absorption cooler
The lithium bromide absorption cooler is divided in two chambers with different pressures. In the
upper chamber the pressure is around 123 mbar. The pressure in the lower chamber is around 8,7
mbar.
The upper chamber consists of a generator to generate refrigerant vapour (water in this case) and a
condenser to condensate the water vapour again. The low pressure chamber consists of an
evaporator to evaporate the water (this will be called: refrigerant) and an absorber to absorb the
water vapour into a lithium bromide solution. All the chambers will be explained below.
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The Generator
In the generator a diluted lithium bromide solution is heated to ca. 120°C by a heat source such as
waste heat from exhaust gases. The waste heat flows through the grey pipes in the scheme. The
most important part in an absorption cooler is a liquefied solution. This liquefied solution consists of
lithium bromide and a refrigerant, water. In this stage the solution is diluted. A solution pump below
the lower chamber pumps the diluted solution to the generator. The refrigerant in the solution is
vaporized and the vapor flows to the condenser. The concentrated lithium bromide solution that is
left after the heating process flows via a heat exchanger to the absorber. This will be explained later.
The condenser
The explanation is continued with the refrigerant vapour. The vapour flows to the condenser where
the yellow pipes are positioned. Through these pipes flows normal cooling water. The refrigerant
vapour condenses because of the cold cooling water pipes. The result is liquefied refrigerant. The
temperature of the refrigerant is now ca. 50°C.

The evaporator
The pressure is lowered to 8,7 mbar. Forcing the refrigerant liquid to flow from the condenser into
the evaporator. Normally the refrigerant is forced through pipes and the medium that has to be
cooled passes the pipes. In the absorption cooler the refrigerant is sprayed over the pipes and when
it evaporates it extracts energy from the pipes. The energy in the chilled water is absorbed by the
boiling refrigerant and thus the chilled water is cooled down. The refrigerant vapour then flows to
the absorber.
The absorber
The absorber is the most complicated part of the absorption cooler. In the absorber the
concentrated lithium bromide solution is added. The concentrated solution is sprayed in the upper
part of the absorber. When it falls down the refrigerant vapor will be absorbed into the concentrated
lithium bromide solution. In the absorber the solution is also cooled down by cooling water.
The low pressure in the absorber is maintained by the affinity of the concentrated solution and
water, (the refrigerant).
The heat exchanger
In the heat exchanger the concentrated solution that comes from the generator is precooled. The
diluted solution from the absorber is preheated. By doing this, the absorption cooler will be more
effective.
In the scheme below a change-over valve is shown to change the cooling mode into a heating mode.
This will not be used in our situation.

6

1.1.2 Double stage absorption cooler
In a double stage absorption cooler, the heated refrigerant from the generator (water vapor) is
leaded through a next generator. the first or high temperature generator is heated by a heat source.
The next (or low stage) generator is heated by the water vapor from the high temperature generator.
In the second or low temperature generator the dilute solution extracts heat from the water vapor.
This means, the energy that has to be extracted in the condenser is now extracted in the second/low
stage generator. The water vapour from the second stage generator will now be condensed in the
condenser.
The advantage of a double stage cooler is that it uses the same amount of heat, but evaporates more
refrigerant vapor.
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1.2 Ammonia absorption cooler
An ammonia absorption cooling installation uses ammonia as the refrigerant. This system can cool
down to -60 °C. Because of these low temperatures water cannot be used as cooling output. Instead
of water, brine or ammonia can be used.

Diagram designed by Colibri b.v.
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How does ammonia absorption cooling work?
This is a description of the working principle of an ammonia absorption cooler designed by
Colibri b.v.
The system operates on a high and a low pressure. The condenser, rectification column and desorber
are under high pressure, about 10 bar. The evaporator and the absorber are under low pressure,
about 0,7 bar. A P-T diagram of this ammonia absorption is added as an attachment.
Desorber/generator
In the desorber a water ammonia solution is heated by a heat source to a temperature of ca. 130°C
under a pressure of 10 bar. The ammonia vapour goes up into the rectification column and a poor
solution, mainly consisting of water, goes through an expansion valve to the absorber.
Absorber
In the absorber a mainly water solution and ammonia vapour come together and form a rich
concentrated solution. By cooling water the ammonia water solution is cooled. A pump brings the
rich solution under high pressure and pumps it into the rectification column.
Rectification column
In the rectification column the vapour is purified. A nearly pure ammonia vapour flows into the
condenser.
Condenser
In the condenser the ammonia vapour is cooled down to ca. 20°C by cooling water. That causes the
vapour to be liquefied. From the condenser the liquid ammonia flows through an expansion valve to
the evaporator. By the expansion valve the pressure is reduced from 10 bar to 0,7 bar.
Evaporator
Because of the low pressure on this part of the system, ammonia will boil at a much lower
temperature. The liquid ammonia boils in the evaporator and extracts the energy from the brine/
ammonia output. The brine/ ammonia output is now cooled down to ca. -30°C.
After the evaporator the ammonia vapour flows to the absorber and will be absorbed by the water
solution.
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2. Heat transfer from exhaust gases to the absorption cooler
Absorption cooling utilizes waste heat to regain energy that can be used for cooling. Absorption
cooling requires thermal energy. The goal of this project is to find a way to utilize the thermal energy
in exhaust gases and reduce the emissions.
The waste heat in exhaust gases can be harvested by means of a system similar to an economizer
made of, or filled with a material or liquid with good heat conducting qualities. Due to the corrosive
nature of sulphur oxides etc. the construction has to be made out of durable materials to prevent
excessive and/or premature wear and tear. Metals with good thermal conductivity include silver,
copper, gold and aluminium. It is noteworthy that aluminium oxide performs significantly less, so an
aluminium conductor should be covered with another metal to prevent oxidizing. Diamonds are also
exceptionally good conductors of thermal energy, but are obviously too expensive to be considered
as a conductor in this system. Carbon nanotubes are even better at conducting thermal energy than
diamonds, but they are also quite expensive because they are currently not mass produced. Within
the recent future the best solution is probably a combination of metals, possibly filled with a liquid,
for example, a gold-plated copper pipe filled with a liquid. The gold-plating merely serves to protect
the copper in the corrosive environment of an exhaust funnel, the piping outside of the funnel is best
left un-plated and insulated to prevent unwanted transfer of heat. The liquid can be pumped through
the system resulting in a quicker transfer of heat. Other heat sources can also be utilized, for
example the high-temperature cooling water of the main engine. However, that is not the focus of
this research.
Thermal oil
Another way to utilize the thermal energy of exhaust gases is by using the economizer. Within the
economizer thermal oil is heated to about 180 °C which is more than sufficient for the absorption
cooling plant. Thermal oil systems that have an overcapacity can deliver the required heat to the
absorption cooler. This reduces the investment costs for the absorption cooling plant.
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3. Current uses of absorption cooling
Absorption cooling is a technique that is already used in land based installations. Absorption coolers
are used in various industries. The heat source that drives the absorption cooler can be different.
Which heat source is used depends on the energy that is available. The heat source has to heat the
water from generator of the cooling installation.

The following heat sources can be used for absorption cooling:
-

-

-

-

-

-

Solar thermal driven
This technology uses the energy of sunlight to heat water with a solar thermal collector. A
solar thermal collector absorbs the energy of sunlight. This technology can be used when
there is a lot of sunlight available.
Direct heat fired by gas
A gas is fired and provides the heat necessary for the absorption cooling process. This way of
driving the absorption cooling installation is not very efficient, because it makes no use of
waste energy.
Waste heat from cogeneration
A cogeneration installation is also known as a CHP installation, Combined Heat and Power.
This installation generates electricity and uses the exhaust gases for heating or in this case
also for absorption cooling.
Exhaust gas driven.
The waste heat from exhaust gases from diesel engines or turbines are used as a heat source
for absorption cooling installations.
Hot water driven.
Hot cooling water from diesel engines or from process cooling are used as a heat source for
absorption cooling installations.
Steam driven
The absorption cooling installation uses the hot steam from a process of boiler.

When there are 2 or more heat sources available a combination can be made. This way multiple heat
sources can be used and a high efficiency can be reached. On board a vessel exhaust gases and hot
cooling water from the main engine can be used as a heat source.
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Applications for absorption cooling on land.
An absorption cooler delivers chilled water between 4 and 7 °C. This chilled water can be used for air
conditioning or to cool a process. An often seen application is the air-conditioning of buildings,
airports, shopping malls etc.

Ammonia vapour absorption cooling
Ammonia vapour absorption chiller uses ammonia as the refrigerant. With ammonia temperatures of
below 0°C till -60°C can be reached. Ammonia absorption cooling installations find applications in
industries like: chemicals, ice production, food processing and cold storages

Current uses of absorption cooling on board ships
On board the cruise ship the AIDAmar an absorption cooler is installed. The absorption cooler uses
the waste heat of the diesel engines hot cooling water and has a capacity of 1,200 kW.
The fischer-group is currently testing this installation.
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4. Possible marine applications
Absorption coolers can be utilized on vessels with all kinds of cooling requirements. The capacity and
temperature requirements affect the required output of the absorption cooling plant. When using an
ammonia-vapour plant output temperatures in the range of 0°C up to -60°C are possible. This means
that absorption cooling can be used for a wide range of applications. For example:
Examples for Lithium bromide absorption coolers
- Closed livestock carriers, for accommodation air-conditioning a separate plant is preferred
due to the nature of the cargo
- Passenger ships, for both public spaces and cabins. Temperature regulation in the cabins is
possible by local regulating of the airflow. Cool and frozen storage are also possible.
- Accommodation air-conditioning on virtually every type of vessel and cool or sub-zero
storage facilities for meat, vegetables, etc.
Examples for ammonia-vapour absorption coolers
- Reefers, for frozen and cooled cargo
- Fishing vessels, for deep-frozen cargo holds
Most suitable as our focus for this project are passenger ships and vessels with a chilled water
system on board or have cooled cargo space requirement.
Passenger ships, especially cruise vessel, frequently visit areas like Alaska and currently have a
negative impact on the local environment. This means that the costs for an absorption cooling plant
can be earned back not only by a reduction of fuel consumption, but also by means of a green image.
Today’s consumers (passengers) are increasingly aware and supportive of companies that attempt to
limit their impact on the environment, and support these companies by buying their products.

Advantages of absorption cooling
-

Reduction of fuel consumption
The system uses waste heat and hardly any electricity
Low maintenance / high reliability
The system contains very few moving parts that require maintenance
No special training required
Maintenance and operating can be performed by non-specialists i.e. ship’s crew
Reduction of emissions
The reduction of fuel consumption results in a reduction of emissions

Disadvantages of absorption cooling
-

Investment cost
In port, operation requires another heat source or back-up system
Space requirements
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Example of a marine application
Heat source
An absorption cooling installation requires a heat source to operate. This installation will use waste
heat, using waste heat will improve the overall fuel efficiency. This waste heat will be extracted from
the exhaust gases and HT cooling water from the main engine(s).
The HT cooling water from the main engine flows through the absorption cooling installation. The HT
cooling water has an exit engine temperature of ca.93 °C. To improve the efficiency of the
installation the HT cooling water temperature is boosted by means of a heat exchanger fed by
thermal oil. The thermal oil is heated by the exhaust gases from the main engine in the economizer.
When the main engine is not running the absorption cooling installation can still be used. The
thermal oil system will heat the water that is used to power the absorption cooling installation. A
circulation pump will maintain a flow through the absorption cooler. This way operation in port is
ensured. The thermal oil system is heated by an oil fired boiler when main engine is not running.
The cooling water needed in the condenser en absorber of the absorption cooler can be provided by
LT cooling water of the ship.
Onboard application
The absorption cooler delivers chilled water of ca. 4 a 7 °C. This can be used for a variety of
applications, i.e. air conditioning installations in accommodation and engine control room/
switchboard room, dehumidification, above 0°C storage rooms, potable water cooling etc.
The operability of the chilled water system can be ensured by also installing auxiliary compression
coolers.
An absorption cooler has to be adapted for marine use due to ship movements. Ship movements can
have a negative impact on the functioning of the absorption cooler. To minimize this impact the
following adaptions have to be made compared to an land based installation.
- Collection basins have to be designed with slight elevations towards the outlets to ensure a
proper flow at any time
- Piping has to be oriented longitudinal in order to reduce losses by rolling.
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Potential energy
To get an idea of the energy potential in these two sources of waste heat the potential for a Wärtsilä
7L46F engine is calculated. The 7L46F is used in this example because the 46F series is a popular
choice for cruise vessels, and the 7L46F is rated at 8400 kW, which is around the power output most
cruise ships with 4 engines in a diesel-electric configuration have per engine.
With the formula Q=m*c*∆T we can calculate Q, the potential energy.
C is the specific heat of a material, liquid or gas, m is the mass (kg) flow per second at 100% load, and
∆T is the temperature difference at which the heat exchange takes places.
Potential energy exhaust gases
Q exhaust gases:
C exhaust gases
= 1,05 kJ/kg*K
m exhaust gases
=15 kg/s
∆T exhaust gases
=374-190=184°C
Qexh=15*1,05*184= 2898kW
Potential energy HT cooling water
Q cooling water:
C water
= 4,186 kJ/kg*K
m water
=41,667 kg/s
∆T water
=93-74=19°C
Qcw=41,667*4,186*19= 3314 kW
Qtotal=Qexh+Qcw=2898+3314= 6212kW
Flow thermal oil heat exchanger
The HT cooling water enters the thermal oil heat exchanger with a temperature of ca. 93°C. The heat
exchanger has to increase the temperature to approximately 120°C. That is a temperature difference
of 27°C. The energy needed for this temperature difference is:
Q= 41,7*4,186*27= 4709 kW. That is more energy than the exhaust gases supply to the thermal oil.
The maximum potential energy that can be gained from the exhaust gases without going below
190°C is 2898 kW. The temperature can’t be lowered further because then condensation inside the
economizer could occur, resulting in sulphuric acid inside the economizer which would be dangerous
for both man and machinery. Now the maximum cooling water flow over the heat exchanger can be
calculated, when a final cooling water temperature of 120°C has to be reached. m= Q/ (c*∆T)
m = 2898/(4,186*27) = 25,6 kg/s. That is a flow of 92 m³/h (ρ=1000kg/m³)
The total energy that the absorption cooling installation can use will become less due to the reduced
flow of 25,6 kg/s instead of 41,7 kg/s. ∆T= 120-74 = 46°C
Q= 25,6*4,186*46
Qabs cooler= 4929 kW.
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When the flow is not reduced but stays 41,7 kg/s, the temperature difference becomes smaller.
The HT cooling water shall flow out of the heat exchanger with a temperature of 110°C.
Calculation: ∆T = Qexh / m*c
∆T= 2898 / (41,7*4,186) ∆T=16,6°C. Temperature after heat exchanger is 93+16,6=109,6°C.
Q= 41,667*4,186*35,6
Qabs cooler= 6209,3 kW.
This shows that reducing the flow results in a lower usable energy potential, but because the
absorption cooler operates more efficient with a higher temperature, it is not easy to say which
option is better. However, it does clearly show that using the energy in the waste heat to boost HT
water temperature results in a significant increase in potential useable energy for the absorption
cooler compared to a system that only uses HT cooling water.

16

5. Conclusion
The assignment of this project was to research a reduction of emissions. This had to be done by
means of absorption cooling. To achieve this the following sub questions have been answered:
Sub questions
- How does absorption cooling work?
- What are current uses of absorption cooling?
- How can waste heat be used for absorption cooling?
- What are possible applications for absorption cooling?
With our research performed to answer those sub questions we can now provide an answer to our
main question: How can absorption cooling be used to realize a reduction of emissions?
An absorption cooling installation can be installed on board a seagoing vessel as demonstrated by the
on-going experiments aboard the AIDAmar by the Fischer Group. Certain parts of the system will
need to be adapted to ensure operability aboard ship compared to land based installations. The
installation on-board the AIDAmar is currently rated at 1200 kW but will operate with a higher
efficiency and output after the optimization phase is over, this system only utilizes HT coolingwater.
A future system that is able to utilize waste heat from HT cooling water and exhaust gasses will likely
have an even higher output. The amount of emissions that can be reduced by absorption cooling is
not easy to quantify, the easiest way would be to compare the output of the installation to an
electrical compression cooler rated at the same output. An electrical compression cooler with a
cooling capacity of 1200kW would require approximately 350 kW of electrical power input.
An example of a generator that provides 350 kW electrical output is the CAT C18 ACERT, these
engines consume ca. 96 litres of gasoil per hour. Whilst these 96 litres are not necessarily the real
fuel savings, it does provide us with a way to calculate the reduction of emissions that is possible by
using an absorption cooler of this capacity. 0,88x96=84,48 kg of MGO, when using low sulphur gasoil
with sulphur contents of 0,1<%, this means 84,48/100x0,1=0,085 kg of sulphur or 85 grams of
sulphur per hour of running are not emitted into the environment. If we assume the system will be in
operation on a cruise ship 24 hours a day for a total of 300 days a year this amounts to
96x24x300=691200 litres or 608,26 tonnes of fuel saved, and 0,085x24x300=612 kg’s of sulphur not
emitted into the environment, a substantial amount. These savings can be further improved by also
using the waste heat in the exhaust gases.
The AIDAmar has engines rated for a total of 36000kW installed, assuming a high effective output of
55% and 25% losses due to exhaust gasses this means 36000/55x25=16363,64kW of the fuel input
are now lost in exhaust gasses. While a part of this energy already is harvested by means of
economizers, there is still a lot to gain. With these amounts of energy being lost it is not hard to
imagine a second/twice as large absorption cooling installation or even bigger installations being run
on the waste heat from the HT cooling water and exhaust gases combined.
The fact that absorption cooling improves efficiency means less fuel will be consumed, this will help
pay for the absorption cooling installation and, depending on the lifetime of the ship, might even
lower the running costs compared to the costs without this system.
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7. Attachments
Sankey-diagram

Reference: http://www.sankey-diagrams.com/tag/engine/
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P-T diagram ammonia absorption cooler
The diagram below indicates the process of the ammonia (NH3) in the absorption cooler. Vertical is
pressure in bar, horizontal is temperature in degrees Celsius and diagonal is the percentage ammonia
with water.
In the diagram the different
evaporator (EV)
absorber (AB)
desorber (DE)
condenser (CO)
solution heat exchanger (SHE)
refrigerant cooler (RC).
The following diagram is indicative only. It cannot be used to design a process.
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Technical data 7L46F
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