What is technological possible today to improve
the GHG performance in the fleet?

- "-'..l
.-"f-

www.greenship.org

Christian Schack, GSF Coordinator

BIMCO Side event — COP15 — December 2009

Green Ship of the Future - www.greenshi



'Green Ship of the Future’

'Green Ship of the Future’ is a Danish joint industry project
aiming at developing and demonstrating technologies and
methods for reduction of air emissions from shipping.

The aim of the project is to provide the necessary
technologies and operational means to reduce emissions as
follows for newbuildings:

- 30 % reduction of CO, emissions
- 90 % reduction of NO, emissions
- 90 % reduction of SO, emissions

The base case is the emission level of the average global fleet in
2007 with a time frame of 10 years.
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Network Partners

Green Ship of the Future has established a network
partnership agreement with the following Danish
maritime organisations:

e Danish Maritime Authority

e Danish Shipowners' Association
e Danish Maritime
e Danish Marine Group

e Transport Innovation Network

The role of the network partners is to provide a network
and to communicate events and project results to their
respective members.
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'Green Ship of the Future’

To meet the reduction targets, the following four groups
are considered:

- Machinery
- Propulsion
- Operations
- Logistics

The project is coordinated by the Danish Centre for
Maritime Technology (DCMT). DCMT is a partnership
between the Technical University of Denmark (DTU) and
FORCE Technology.

The coordination is funded by the Danish Maritime
Foundation.
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Hans Otto Kristensen & Thomas Eefsen received the award on behalf of GSF
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A-Class
SEAHORSE 35 8500 TEU Container Ship
35.000 DWT Bulk Carrier By Odense Lindg Shipyard

By Grontmij Carl Bro

Green Ship of the Future - www.greenship.org



Technologies ¢
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Technologies appliec

Advanced rudder and propeller system

A well-designed propeller and rudder system can save up to

approximately 4% of the fuel oil consumption. Such a system
could be a modemn propeller combined with an i rud-
der and a so-called Costa Bulb.

‘With new propeller design methods modemn propellers becomes
maore and more efficent. The Costa Bulb creates a smoother
slipstream from the propeller to the rudder. With an asymmetric
rudder; the rotational energy from the propeller is utilised more
efficient compared to a conventional rudder.

Speed Nozzle

Mormally, noezles are used to improve the bollard pull on tugs,
supply vessels, fishing boats and many other vessels which need
high pulling power at low speed.

This new kind of nozzle, called a speed nozze, is developed to
improve the propulsion power at service speed. Using the new
speed nozzle concept has a saving potential of approximately 5%.

Exhaust gas scrubber system

‘One way to fulfil the future regulations on sulphur emissions is
to install an exhaust gas scrubber. This scrubber system use wa-
ter to wash the sulphur out of the exhaust gas. Measurements:
have shown that S0x emissions are reduced with up to 58%.
Tt is not only the sulphur which is reduced, also the content of
harmful partickes are reduced by approximately 80%.
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LNG auxiliary engines

Mormally, the electrical power in harbour condition is supplied
by wsing auxiliary engines running on heavy fuel or marine die-
sel. By using awdliary engines running on LNG (liquefied natural
gas) instead of comventional fuel, significant emission reductions
«can be achieved.

Emission reductions in the magnitude of approximately 20%
on CO2, approximately 35% on NOx and 100% on S0x are the
potential of switching from diesel to LNG.

Hull Paint

The choice of the right hull paint is essential to keep the resist-
ance at a minimum. Modemn anti-fouling hull paint with a low
water friction has a fuel saving potential in the region of 3 to 8%.
The reduction of emissions is proportional to the fuel savings.

Waste Heat Recovery system (WHR)

The waste heat recovery system utilises the heat in the exhaust
gas from the main engine. The exhaust gas contains a lot of heat
energy which can be transformed into steam. The steam can then
be used for heating of the accommaodation, cargo areas and fuel
oil. The steam can also be used for power generation in a turbo
generator. Depending on the configuration, a waste heat recovery
system can reduce the fuel consumption by 7 — 14 %.




Technologies applied

° ‘Water In Fuel system (WIF)
The formation of NCx is de dent of the in
the cylinder liner. By lowering the temperature the NOx
emissions are also lowered. By adding water to the fuel
|before injection, the temperature in the cylinder will be
lowered. This will result in a reduction of NO, by 30-35%.

o Pump and cooling water opti-

misation

system it is possible to save up to
20% of the electrical generated power,
corresponding to approximately 1.5%
reduction of the total fuel consumption.

Studies show that the resistance in the
cooling water system often can be re-
duced. When the resistance is reduced
smaller pumps can be used and thereby
saving up to approdimately 30% of the
power needed for pumps.

tion system (EGR)

The formation of NO, emis-
sions can be reduced by
lewering the temperature in
the cylinder liner of the main
engine. One way of lowering
the temperature is to re-
dirculate some of the exhaust
gas. Some of the exhaust gas
is mixed with the scavenge air
50 that the oxygen content is
reduced together with a lower
temperature in the combus-
tion chamber. Measurements
have shown that this technol-
ogy have a potential of NO,
reductions of approximately
B0%.

o Exhaust Gas Recircula-
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Conclusion from Study

SEAHORSE 35 Bulk carrier, optimised with:

e Speed nozzle/optimized propeller

e Twisted spade rudder with Costa bulb

e Water in fuel (WIF)

e Exhaust gas recirculation (EGR)

e Waste Heat Recovery system (WHR)

e Exhaust Gas Scrubber

e Ducted/direct air intake for main engine

e Optimised coolers and cooling pumps

e Auxiliary engine operation on marine diesel oil (MDO)
e High capacity fresh water generator

Extra costs 5 mill USD (Corresponds to approx 20%o of newbuildng costs)

Goals Results

-30 % reduction of CO2 emissions - Achieved 7,2 %06
-90 %06 reduction of NOx emissions - Achieved 98,6 %20
-90 %06 reduction of SOx emissions - Achieved 79,1 %6
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Conclusion from Study

8500 TEU container vessel, optimised with:

e Water in Fuel technology (WIF)

e Exhaust gas recycling (EGR)

e Waste heat recovery exhaust boilers
e Power and Steam turbine technology
e Scrubber technology

Extra costs 10 mill Euro (Corresponds to approx 10%b of newbuildng costs)

Goals Results

-30 %0 reduction of CO2 emissions - Achieved 11-14 %o
-90 %06 reduction of NOx emissions - Achieved 80 %6
-90 %06 reduction of SOx emissions - Achieved 90 %6
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Main Conclusion from St

e With respect to NOx and SOx we have reached our goals

e Reducing NOx and SOx will in some case cost increased
CO2 emission

e With respect to CO2 the study shows that we still need to
work with technical solutions and operation

e Further reduction in CO2 can be obtained through
continued efforts to reduce vessel resistance, optimised
operation, more effective propulsion systems, more fuel
efficient engines, alternative fuel (LNG, Biofuel etc.) and
addition of alternative “green” means of propulsion (fuel
cells, wind, solar etc.)

e Further reductions in CO2 will also reduce NOx and SOx
emissions

e Retrofit challenges

e The challenge continues
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Bright Green on 12+

L
ureen
The Bright green mess takes place in

FORUM Copenhagen the 12th and 13th
December.

We will be at stand 78.

A 30 min presentation on the GSF stand
for several partners will be arranged and
scheduled over the two days.
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http://www.brightgreen.dk/index.html
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It is the aim of "Green
Ship of the Future” to:

* 30% reduction of CO,

Green Ship Conference * 90% reduction of SO, —

The Green Ship conference the second of * 90% reduction of NO,
Match in Copenhagen gave the

participants a good possibility for

networking, but it was also a day where

knowledge and ideas were shared. rShipofUieliniuregs

a Danish Joint Industry

project aiming at developing

and demonstrating

technologies for reduction of |
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