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Introduction TLCSeaTTechnical and operational options catalog

1 Introduction

The cooperation projec@ransitioning to Low Carbon Sea Trans@@r. CSeaT) has been initiated to
support the Republic of the Marshall Islands to achieve the NDC in the field of waterborne
transportation between the islands and inside thgdans.

Technical options will be presented for retrofitting one or more ships of the existing MISC fleet.
Complementing the fleet by mew builtis an additional option, where the approach of designing a
tailor-made transport solution without the limitatits of adapting to the given designs and technical
installations leaves higher fuel saving potentials. Although more challenging for the engineers
retrofitting options could create a large potential of existing ships for saving fuel anat @Wer costs

than by replacing them. The design of a taifmaide ship for ocean transport between the islands
seems to be rather the second step after gaining experience with low carbon ship technology on the
base of retrofitting existing ships and evaluating the outeom

For retrofitting a ship from MISC a letgym plan including all technical details has to be worked out.
Further, the company has to arrange a schedule taking into account that the respective vessel is out of
service during the works in the shipyardr fficient conduct of the projecall parties involved shall

be enabled to start the planning and preparation phase as early as possible. Therefore, the basic
technical options to achieve the set carbon saving goals shall be presented at an early stagbl¢

an effective decision process. This report outlines a number of selected technical and operational
options. It will be presented on the"™Management and Technical Advisory Committee (MTAC)
Meeting in May 2019 to initiate the decisionaking proess.

A team of marine engineers of Emden/Leer University of Applied Sciences has prepared this report
with selected optionsThe umost care and diligence have been exercised to include all information
and advice from the local experts. However, for tlakes of not overloading the reparthe selection

of options had to be limited. To eliminate the risk of not including important options or overseeing any
demands this paper shall be seen as a draft report. There will be a period for reviewing the dyeft rep
and proposing enhancements and changes. All parties involved are invited tarhtdrer comments

and specific interests. It is the intention of the project to suit local demands in the best possible way
for the objective of transitioning to low carbdransportation.

Basic Concept

The main objective of the TLCSeaT project is to demonstrate ways for the transition to low carbon sea
transport with special regard to the conditions and needs of the Marshall Islands. The outcomes of the
project should gie workable technical and operational solutions as sebi@ achieve the goals of the
Nationaly Determined Contribution@NDC). At the same timan energy efficient islands supply fleet

shall strengthen the resilience against crisis caused by natueglomomic reasons.

From the baseline study, it becomes obvious that optimized operational procedsveh as
routing/logistics, engine maintenancand hull cleaning do not comprise sufficient fuel and emission
saving potential to reach the short and rtierm NDCs (2025, 2030) of the national climate strategy.

The estimated potential by operational improvementsl(7 % to-27 %) is significantly smaller than
the NDC 2025-82%), respectively the NDC 203@%%)

University of Applied Sciences

P
A

Page4 A

HOCHSCHULE
EMDEN-LEER



Introduction TLCSeaTTechnical and operational options catalog

Therefore, the project needs to include thesition to low carbon ship propulsion for higher saving
potentials meeting the climate targets. From the wider range of technical optibmstransition to
alternative fuelssuch as LNG (Liquefied Natural Gasglires new infrastructure and will lead high

fuel costs This mayaise economic risks. Even the level of technical maturity in the use of new fuels in
combustion engines has to be seascritical as increased wear and tear may present typical risks.
workable solution is the use of renewabénergy for ship propulsion and auxiliary electricity to take
over a significant load frortihe main engine and diesel generators.

The combination of operational measures to raisee 8 KA LJQa SFFAOASy Oeé | yR
energy has the potential toeach the short and miderm NDC. The project should demonstrate the
potential of fuel and emission savings of 50% for one or more ships of the MISC fleet on the base of
retrofitting.

When looking at the potentials of renewable energy the available atmasplkeergy density of the

sea area and the achievable efficiency for the conversion into thrust or electricity will drive the
decisions for technical options. From performance potential analysis of different technologies in regard
to the prevailing weatheand environmental conditions following recommendations can be clearly
pointed out.

1 wind/sail technology has by far the highest potential for ship propulsion
1 wind and solar technologies are both suitable for the supply of electricity to auxiliary
systems

Fom this basic analysis of the boundary conditiaeshnical and operational measurdsscribed in
this reporthave been developed.

Structure of the Report

This report is a catalogf optionsto reduce the carbon footprint o$hipping. Technical and listjcal
concepts for emission reduction were developed. This includes proven techniques to improve ship
efficiency, as well as innovative new technologies such as wind propulsion systems, both for Inter
Atoll, as well as Insideagoon shipping.

The reportis structured in 3nain parts:

1 A case studjor Inter-Atoll transport, describinghtegrated technical and operational
measures to achieve high saving potentials in relation to the expenkaptér2)

1 Detailed asible techrdal ard operational options for InteAtoll transport (chapteB)

1 Detailed feasible technical and operational options for Indiedgoon transport (chaptet);

In order to achieve the most sustainabledlonglasting improvements, this report is composed with
an open structure, providing the possibility to share knowledge, technology and experiences between
Inter-Atoll and Inside_agoon shipping.

The options for in this report provide the possibility gignificantly lower the carbon footprint of the
entire fleet. The operational measures discussed include slow steaming, weather routing and voyage
optimization, logistics and cargo hold efficiency, navigation, hull cleaning and training of the crew. The

H University of Applied Sciences
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Introduction TLCSeaTTechnical and operational options catalog

technical measures considered include wind assisted propulsion, auxiliary and main engine systems.
Considerations and possibilities for a new built vessel are discussed as well.

The options for lagoon transport follow a structure of less complexity. Abeurof different boat
designs hae been evaluated and approved by WAM in the first project phase. During the second
phase any one of the designs may be built, tested and evaluated. Details of the designs are included
in this report in chapter8 and 4 without any limitations to changes that may be found necessary in
the upcoming process.

1.1 Background

This report is taking into account the inputs from the political framewiarkegard to the climate
strategy and preceding surveys and studies that have been conducted redauntliyer, the role of
culturalheritage is pointed out as an important factand potential driving force.

1.1.1 RMI Gimate Srategy

The Government of the Mahall Islands has presented tH#50 Climate Strategylighting the waQ

to set a clear framework for progressing towards net zero greenhouse gas emissions by 2050, as well
as transitioning to an economy and society that is resilient and can adapetiméivitable impacts of
climate changé

Following details are repduced from the climate strategy.
RMI produced its NDC in 2015. The key GHG provisions of the NDC state that:

1 RMI commits to a quantified econonwide target to reduce its emissions of GHGs to
32% below 2010 levels by 2025

1 RMI communicates, as an indicative target, its intention to reduce its emissions of
GHGs tet5% below 2010 levels by 2030

1 These targets put RMI on a trajectory to nearly h&abG emissions between 2010
and 2030, with a view to achieving net zero GHG emissions by 2050, or earlier if
possible.

walLQa wnpn {NXGS3e Ifaz2 AyOfdzRSa GKNBS Aff dzad NI

1 AWiloderateCenhanced ambition Scenario, refleggi technically and economically
feasible targets;

1 An intermediate\Bignifican@enhanced ambition Scenario, which is equivalent to the
Lighthouse Scenario, but is delayed by 15 years due to presumed lack of funding; and

1 AWighthous€enhanced ambition Soario, which is technically feasible but more
expensive.
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RMI Greenhouse Gas Scenarios
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Figurel: RMI Greenhouse Gas Emissions RedudibiBC Trajectory and Scenatios

Specifically for the domestic Ocean based transportation there are following Headline
Reommendations:

1 Improve data collection to better illustrate what proportion of imported fossil fuels
are used by domestic sdmsed transport

1 Explore options to reduce GHG emissions from domestic cbaaed transport,
including by using the results of tl&&Z/University of the South Pacific (USP) Low
Carbon Sea Transport Transition Project (TLCSeaT); and

9 Consider institutional reforms that will allow the Ministry of Transport and
Communication (MTC) to exercise more effective regulatory control over the
operational aspects of domestic sea transport in addition to managing the
infrastructure.

Further reference is made to the different options of reducing fuel consumpiog., through
improved ship design farew builds, low carbon propulsion technology,igloperational fuel saving
measures and improved port logistics. The structured collection of ship efficiency data is found to be
a prerequisite giving a better overview of the actual fuel consumption in waterborne transportation.

1Government of the Republic of the Marshall Islands, TTE Committee (200%), CLIMATE STRATEGYhting the wa@
Foreword by the President, Majuro

2 Government of the Republic afi¢ Marshall Islands, TTE Committee (208850 CLIMATE STRATEGYhting the wa@
Foreword by the President, Majurpage 10
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1.1.2 Fleet Survey and Basak Study

There have been first efforts to provide for a database in domestic ocean transportation including
guidance for the approach to reduce fuel consumption and emissions. Both, a fleet sanctyn
baseline study conclude that there are differentechnical and operational fields with significant
potentials to reduce fuel consumption and raise transport efficiency.

Major recommendations are:

1 Collection and analysis of ship performance data to gain understanding and competence
in ship efficiency
1 Voyag optimization.e.g.,through

- Alternative routes and scheduling
- Slow steaming

- Justin time arrival

- Improved cargo logistics

1 Increased effort in ship maintenance

- Main engine and auxiliary machinery
- Hull and propeller cleaning

1 Use of wind and solar power for

- Ship propulsion

- XALIQa St SOGNROAGEe RSYIYR
The baseline study by Oxley estimates a potential in cost reductions of up to US$ 400 k p.a. through
fuel savings in the range of 17 % to 27 % by improved operational practicesm@@Sion reductions
can amounto about 900 tons. New technical approaches were not included in this estimation. There
are references towards the use of wind and solar power for ship propulsion and auxiliary electric
systems. However, a detailed analysis is beyond the scope of thatrefime model for the
implementation of Flettner rotors cannot be validated for the lack of details. Figures given are not
matching results from published research and trial cases.

1.1.3 Cultural Heritage

For centuries, Ri Majol, the people of the Marshall Idtamwere known for their superior boat building
and sailing skills. The lagoons of tHew-lying coral atolls were crowdeualy sails of smaller outrigger
canoe designs for rapid inside lagoon transportation, food gathemmngl fishing. They traveled
frequently between their atolls (for trade and war) on big offshore canoes c&8\&daXsome of
them 100ft long}.

Today the traditional outrigger canoe designs are not any longer in use foraitutvoyages in RMI.
None of the traditional inte@atoll canoes (Walap) survivedlhe smaller lagoon designs got under

3Held, R. (2018)ransitioning to Low Carbon Shippigy Survey on the Fleet within the Intisiand Shipping in the
Repultic of the Marshall Islands with Special Regard to CO2 Emissions and their Reduction Rdeatialor Thesis in
Ship Operations Engineering, University of Applied Sciences Flensburg

4 Oxley, M. (2018)Establishing Baseline Data to Support Sustainslialétime Transport ServiceSINAL REPOQRTA8345
REG: Establishment of the Pacific Region Infrastructure Facility Coordination Office (PRIF)

5 https://www.canoesmarshallislands.com/
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pressure of the spreading western lifestyle and growing boat imports and finally died out in numerous
atolls. During the lat& ys,only very few canoes were built. Up from 1989, with the docuragaoh
project Waan Aeldfi Kein, and later the Waan Aetdiajel training program the interest in traditional
canoes experienced a revival.

Even though the art of traditional canoe building has been almost extinct in RMI for several reasons in
the past, the sophistication behind those vessels has inspired many boat and yacht designers all over
the world. This fascination led to several interesting sailing boat designs, mainillyegpursuit of
maximizing vessel speed.

Traditional canoe racing in RMI:

1 Anrual regatta for traditional canoe
racing

1 The small and medium sized boats we
used in the past, for fishing and inside
lagoon transport.

1 Every atoll had its own designs, adapt
to local conditions and the needs of th
people.

Figure2: Traditional canoe racing in RMI

Traditionala F NAB K| f f Sa8 w2 | ¢

1 Traditional voyaging canoes beached
the lagoon of Majuro at the end of the
19th century.

9 For Centuries, cargo and passenger
transport was accomplished by highly | |
specializedressels, moving at high
speeds between the atolls of RMI and
beyond.

1 Powered by the wind and built from
renewable resources, these vessels
were climate neutral and sustainable
solutions for interatoll transport.

From a technical point of view, it is no wonder that the idea of the Pacific Proa was taken up
primarily for highspeed sailing. Due to the extreme slenderness, the hull is able to pierce its own

bow wave and the wave resistance is onder a speed barrier. The total weight of the vessel is a

good 30% lower than that of a comparable catamaran, as only one main hull is required, while its salil

6 Source: WAM
7 http://www.pacificproa.com/micronesia/marshall_isles_gas.html
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carrying capacity is higher than that of most mono hull vessels due to the long lever tgitige fl
weight of the cantilever hull.

1.2 Vision

Thefirst project phasein the studies and reports 9xley and Held, has revealed that there is a high
motivation to rebuild the shipping sector and reconnect toitr@vn maritime heritage at the same
time. It is not onlya strong mindset towards sustainable and low carbon transportation at sea but also
the desire to recover maritime knowledge and competesc A revival of Marshallese maritime

Odzft G dzNB Fdz FAfEt Ay3 y24l RI & demenisfiol a/SR&I Ndibon fobBrivtR & | y F
with low impact on the environment seems to be a good vision to guide this project and further
developments into the future.

LG Aa F YFGGSNI 2F RNIgAyYy3I dzLJ | NBLF £ A& duktion, LIA OG dzN

based on experience and knowledge as well as the determined national climate targets. Even though
new technologies provide the possibilities to achieve those targfeis wellworth taking alook back

at the history of the Marshall Islands. dfives a very good example of a functioning zemassion
maritime trading network encompassing bdttsidelagoon traffic andnter-atoll trade.

About 150 years ago, the Marshallese sea transport and trading netwaskaged on large canoes
with capacities for several tons of freight and up to 50 passeng&l®ese canoes were perfectly
adapted to the local weather conditions and operated at almost twice the speed of today's vessels
when using favorable wind patterns. They were built from natural and joaaliilable resources.

Hence the transportation system at that time was exactly in line with the Nationally Determined
Contribution to climate targets of 2056lowever, vithin recent decades of development, the needs

for transportation services have chad) tremendously. Modern lifestyle has created higher
consumptions and the need for quick delivery of goods and short travel times. Nevertheless, the
guestion should be raised whether it is possible and reasonable to include traditional boat designs of
the Marshall Islands in the development of a new futuristic concept of island traffic.

Many questions of how cargo and passenger transportation between the atolls can be handled in the
future need to be discussed and examined in detail, for it seems thatytedaessels may not be
optimally suited for future transportation tasks and their changing boundary conditions. High
connectivity to the outer islands at low cost and low environmental impact is the ultimate vision.
Looking at economic and social trendbdéicomes obvious that people are moving towards the cities
and metropoles leaving the remote and rural areas behind. One of the driving factors is the lack of job
opportunities and connectivity for both economénd social reasons. On Pacifitahd Countries,

highly efficient sea transportation for goods and passengers will be a key factor for sustainable
development of intact communities on remote atolls and islands.

Coming back to the technical issues of this project it becomes obviousffatsitionig to Low
Carbon Sea Transp®ls interconnected with many other issues and objectives. The transitioning

8 Oxley, M. (2018)gstablishing Baseline Data to Support Sustainable Maritime Transport Séfhds REPORTA8345
REG: Establishment of the Pacific Region Infrastructure Facility Coordination Office (PRIF)

9Held, R. (2018)¥ransitioningo Low Carbon ShippinrcA Survey on the Fleet within the Intisland Shipping in the
Republic of the Marshall Islands with Special Regard to CO2 Emissions and their Reduction(PBsahtgdr Thesis in
Ship Operations Engineering, University of AgghSciences Flensburg

H University of Applied Sciences
Page 10 Al
HOCHSCHULE

EMDEN-LEER



Introduction TLCSeaTechnical and operational options catalog

process has to be seen as a ldagn operation of weHltuned consecutive steps. In this regard, it
seems to be more important to identify and gt a variety of future technologies and designs well
suited for the Marshall Islands rather than focusing on the design of a single ship.

There are many challenging questions on the road ahead,

1 What are the most suitable low carbon ship technologies?

1 Wil we see a revival of wind propulsioB2sed orconventional sails amodern
adaptions such as thlettner rotors?

1 Will there be a larger number of smaller vessels sailing more often for better
connectivity of the outer islan@sOr few bigger ships witargecapacity?

1 Will we see new designs based on traditional Pacific concepts with-huliki rather
than nowadays standanshono-hull ships?

Most probablythere will be no single answer to these questions. This report can be understaod as
starting poirt with a variety ofpossible optionsThe knowledge and experience of all parties involved

will grow with the ongoing work on the subjects. High motivation and effort may lead to a new era of

low carbon shipping in the Pacific Ocean region connected tRHB R & 2 T -emisiorNskiling T S NR
experience of the past.

With this vision in mind, the technical and operational measures developed in this report provide a
starting point and guideline towards a sustainable future.

University of Applied Sciences
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2 Inter-Atoll Transport A Case Stdy for MV Kwajalein

There are numerous options to reduce fuel consumption and thereby emissions of a vessel. Most
options will influence each other in some wéar MVKwajalein a case study has been carried out to
demonstrate the effect and interaction different possible measures on vessehversion variants.

The case study tsased onMV Kwajaleinand gives a short overview of the options described in this
report. Since MMAemman as well as theew shipcurrently under construction in Chinig,ofa similar
type, most of these options will have a similar effect on those other ved3etailed hformation on

the different measures is provided chapter3.

Slow steaming has the greatest potential to cut foehsumption towards a reasonable levettie

time schedule of the vessels in questialtowsthe resulting prolonged traveling times. On the road
towards thelow-emission vessel, slow steamjigwever, is only the first stepFor further emission
reductions, he greatest saving potential lies in direct thrust reduction through the use of wind
propulsion technologies in combination with weather routing and voyage optimization.

Further operational measures like increased cargo hold efficiency, logisties navigation
technologieswill help to supportthe above mentioned measures, expand the scope of possibilities,
increase vessel safety and offer tiraaving potential.

2.1 Slow Steaming
Details in ChapteB.48low Steamin@

Of all thinkable measures for fuel and emission savings, slow steaming is the most effective and
simplest option to drastically reduce fuel consumption. Following fipaseed orengine test records,

which were carried out at the time ofuiding in 2013 for MV Kwajalein, as well as on basis from
resistance calculations for typical wind and weather conditions on the Eastern Route, illustrate this
simple truth.
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Vessel speed: 9,5kn 500 Speed reduction: 2,5knot (26% ) HAPD_fouling [ kW ]

Engine Power: 405 kw
Fuel consumption: 10,97 I/nm

W APD_waves [ kW ]

Slow Steaming: 350
Power reduction: 258 kW (64 %) —_
Fuel reduction: 5,12 I/nm ( 47 %) 2 300

= W APD_wind [ kW |

£ 250

200
PD_residuary [ kW]

Vessel speed: 7,0kn
Engine Power: 147 kw 100
Fuel consumption: 5,851/nm

50 PD_friction [ kW ]

6,5 75 8 8,5 9 10 10,5
O

ship speed [ knots ]

Figure 4. Relationship between resistance, povesrd speed for MV Kwajalein in normal service conditfbn

Fuel consumptionas well as emission savingssult directly from reduced main engine power
demand. A speed reduction as demonstrated above will lead to approximate 47% fuel and emission
savings per natical mile.Figure5 displays fuel consumption per nautical mile in dependencyessel
speed.
Fuel consumption / Vessel Speed
[based on calculation-model: Displ. =862t, Trim = 0,85m
fouling = 50%, average windspeed = 7m/s |
14,00
12,00
10,00

8,00

6,00

Fuel consumption [I/nm]

4,00

2,00

0,00

6 6,5 7 7,5 8 8,5 9 95 10 10,5
vessel speed [kn]

Figure 5: Fuel consumption per nautical mile

However,the time needed for the passages between the atolldl imcrease by 26 % (following the
aboveproposed example).

2.2 Coating and Regular in Water Hull Cleaning
Details in ChapteB.8 Wull Coating and ClamgQ

Alsodisplayed irFigured is theeffect of added resistance due to fouling. The effect of fouling increases
ship resistance by adding to frictional resistangdded resistance from fouling should be avoided by

10Diagram based on simplified formula for residuary resistance calculation. Possible error in total resistancgpeetbw
range of 26 %.
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appropriate measuresA good option to deal with this problem is relgr inwater cleaning in
combination witha speciatoating.

Routine in-water cleaning

Hydrodynamically smooth

Orydocking for cleaning, repair

and replacement of coating

> ——— + S W 4 — 1 — | -

Time in years

Figure 6: Comparison of hull roughness over time between coating types (AFealtitig, FR=foulrelease) due to long
term paint degradatiort

For the MISC fleet, theombination of a Surfac&reated Composite (STC) coating with a cavitatien in
water cleaning system is recommended. This combination provides for a smooth hull, the regular
cleanings even increase the efficiency of the vessel andiacking intervals areamlonger crucial for
fouling control. The necessary divers to provide the undater cleaning operations will provide
employment at the larger lagoons and the cleaning tools are relatively inexpensive.

2.3 Wind Propulsion Retrofit Variants
Details in ChapteB.9 Wind AssistedShip Propulsion (WASE)

Six differentretrofit options for wind propulsion technologidsgve been analyzeih greater detail.

The retrofit with one system can be carried out on a minmmiasis (FlettneMin, IndoSaiMin,
ConventionaiMin) with minimal vessel conversion effort. The other option is a vessel conversion
towards a full sailing vessel (FlettAdiax, IndoSaiMax, ConventionaMax). Those secondg
maximum- refit options caneéad to major fuel and emission savings, especially if the full potential of
the retrofit options isexploitedby voyage optimization, considering typical wind conditions and by the
use of weather routing technologies.

11yan Rompay, B. (2011). Hydrex White Paper Nodekater ship hull cleaning: cosffective, nontoxic fouling control.
white paper, The Hydrex Group, Antwerp, Belgium.
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Figure 7: Variant FlettherMin Figure 8: Variant FlettnerMax

The Flettner rotors are fully automatic higgch solutions, which can be operated from the shi
bridge alonewithout any further intervention by the crew. Recently seveapplications have bee
successfully tested ithe commercial shipping industry.

Figure 9: Variant IndoSa#Min Figure 10: Variant IndoSaitMax

The IndoSail system is a proven, powerful and funetisystem which has been specially develoj
for use on small cargo vessels. It can be operated fully automatically as well as manually.

Figure 11: Variant Conventional Rigvlin Figure 12: Variant Canventional RigMax

The conventional minimal variant is the simplest retrofit variant, but offers only small savings potential,
while the traditional gaff sail variant is a system that does not require complex technlagmust
be operated completely amually.

The quantification of costs for the abopeoposed solutions depends dhe specific layout and size

of the systems, the grade of automation and many other factors. But from the large variety of wind
propulsion technologies, thosselectedtechnobgies represent most likely the most econosiic
solutions in terms oéconomicefficiency compared to initial and maintenance costs.
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2.4 SavingPotential from Wind Propulsion Technologies

Details in Chaptef.9.7WPredicting Savingotentialfrom WASE

The expected savings potential for four conversion options gifferentwind propulsion technologies

is shown in the following figure for two differeservicespeeds.

Ship speed: 7,0 knots

Ship speed: 9,5 knots

Py kW] Py [kW]
160 450
Initial Engine Power: 147 kW Initial Engine Power: 405 kW
400
140
Coating & Cleaning: 26 kW Coating & Cleaning: 62 kW
350
00 Flettner-Min: 62 kW
ind Propulsion: 1 rlettner-h
Wind Propulsion . . IndoSail-Min: 98 kW l
. 80 Flettner-Max: 130 kw
Flettner-Min: 50 kW o
o0 mAPD_fouling [ KW ] i )
IndoSail-Min: 73 kw 150 IndoSail-Max: 194 kW -
WAPD_waves [ kW |
Flettner-Max: 87 kW 40

mAPD_wind [ kW ] 100

IndoSail-Max: 98 kW
—— PD_residuary [ kW]

PD._friction [ kW | Final Engine Power

Final Engine Power

~

Figure 13: Saving potential from wind propulsion technologies and regular hull cleaning

Currently, MV Kwajalein travels at approximately 9.5 knots. A reduction of the cruise speed to 7 knots
would be conceivable, based ¢gme utilization of the vessel.

To give an exmple for the cost saving potentjabne of the above displayed variants has been
calculated In FY 201The MV Kwajalein consumed abt. 85,8@8allongdyear of diesel oif?, leading to
costs of 28,000%/year (2.93%/gallon). The average fuel consumptipar nautical mile has been 11
I/nm. By application of slow steaming Kn), coating and regular hull cleaning, as well as retrofit to
wind propulsion technologies (for this example the IndeShil variant) the average fuel consumption
per nautical mile wildrop to 3 I/nm, leading to diesel oil costs afbt. 70,000%/year. The annual
financial savings are therefoie the order of 180,00@/year, a substantial savingy.

The power saving potential that is displayed ab@vigurel3: Saving potential from wind propulsion
technologies and regular hull clean)rassumes that the vessel is sailing in all directions towards the
true winddirectionequally often. Sinceverysail system produces different power depending on wind
force and espcially wind direction, the full potential of wind propulsion technologies can only be
harnessed when the routes of the ships are adapted to the local wind conditions. Saving potential from
wind propulsion technologies can beaximizedf the vessel is opating in favorable conditions.

RhEf S8 ad 6HAMYOS WoalhlofAaKAYy3d . asSt Ay ScLsbltd[l
REG: Establishment of the Pacific Region Infrastredtacility Coordination Office (PRIF)
13Numbers are approximations and subject to changes in the oil price development and defendent on vessel specifics
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2.5 WeatherRouting andVoyageOptimization

Details in ChapteB3.5 WoyageOptimizationand Weather RoutingQ

The saving potential from wind propulsion can be further incredsgdhe application of weather
routing as well as voyage optimization based on prevailing wind conditions. Alternative voyage
planning and weather routing have the potential to further increase the savings from wind propulsion
technologies to more than 90% dependency pthe instaled system and the chosen route.

The graphs ifrigurel4 and Figurel5 displaythe saving potential for the Flettnévlin variant as well
as the Ind&@aitMax variant in combination with slow steaming (7 knots) in dependency on the course
sailed towards the true wind direction (Beaufort 4, ca. 7.6m/s).

200 kKW

150 kW

150 kW

5 . J— required total Power ( Speed = 7kn, Bf = 4 )
100 kW M
- i _ - required total Power ( Speed = 7kn, Bf = 4 )

100 kw

S0kW A [ ‘
‘ 50 kW

- | required power due to waves ( Bf = 4) | \ &
required power due to fouling ( factor = 10% ) | £ | required power due to waves (Bf =4 )

required power due to fouling ( factor = 10% )

0°  30°  60°  90°  120° 150°  180° (true wind angle) L ;
0 30c | 609 S0P 120° J50°  180° (true wind angle)

excess power = 0 %

Jower = 45 %

Figure 14: Saving potential FlettneMin Figure 15: Saving potential IndoSalax

The figures showhe required total power, resulting from the different resistance components, as well
as the power reduction (green areas) that the wind propulsion system is capable to generate in
dependency on the coge towards the true wind direction. The orange sector displays remaining
engine power to maintain aervicespeed of 7 knots.

For routes perpendicular towards the true wind directjtire saving potential becomes largest. In case

of the maximum variants, ore than 100% of the required power can be delivered by the wind
propulsion system on the selected routes. Excessive power either leads to faster traveling speeds (up
to 11 knots and more in favorable conditions) or the power can be transformed to eldqiower if

the vessel is equipped with the necessary systems.

Figurel6 showsthe eastern sector route (orange arrows) with typical wind conditions from Majuro to
Kwajalein and back to Majuro. Average wind speetinss, and most probale true wind direction is
ENE.
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Figure 16: Current andalternativelegsof theeastern sector route

The green arrows show a fictive alternative route back to Majuro amedust one demonstration
exampleof how wind propulsion technologies in combination with voyage optimization and weather
routing will lead to considerable fuel savings.

The standard route (@-2-3-4-5-6 and 65-4-3-2-1-0) will lead to a course close to the wind (0% savings
from wind propulsion) between 6 and 4 on the return leg (about 15% of the voyage).

If the voyage planning is done by considering wind directions, like oexamples(green arrows),
courses against the wind are less likely, leading to additional fuel and emissingsshyiincreased
wind propulsion efficiencyln addition, this alternative return route would improve connectivity
between the atolls, whereby life qualitan beimproved. Good voyage optimization in combination
with wind propulsion systems and weathemutang will minimize fuel consumption.

While good voyage optimization ensures that the probability of favorable wind conditions and thus
maximum savings potential of the WASP technologies is available, weatlterg based on current
wind forecasts ensurdbat currentweather conditionsare used as well as possible on each leg of the
voyage.

2.6 Main EngineDrive Train Concepts

Details in ChapteB.114Main Engine and Drive Tr&n

Besides an engine overhaektoringengine performance as intended fraime design stage, there are
further options thinkable. The savings that can be achieved by optimizing the main engine drive train
result from the following:

Improved drive train efficiency
Reduced specific fl®il consumption of the main enginenderpart load conditions
Sorage ofexcess/e power (resulting from wind propulsion technologies)

=A =4 =4 =4

Biofuels

H University of Applied Sciences
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An analysis of the drive train has been done for MV Kwajdigistfindings and possible refit options
are presented below.

2.6.1 AdaptPropellerLayoutto Slow Steaming

For MV Kwajalein it turned out that the existing propeller can be kept for new vessel speed resulting
from slow steaming since propulsive efficiengymprovedunder new workingconditions.Propeller

load reduction from the utilization of WASP technologies will improve propulsive efficiency by
additionally 5%.

2.6.2 Upgrade to Diesel Electric Drive TraiarfIncreasedefficiency

Reducing the specific fuel oil consumption undery lowload conditions carbe realized by the
utilization of theB0 kW auxiliary generatdn combination with a new Electrdnit (PTI/PTOinstalled
between the gear and the main engine. Following figures illustrate the saving potential for low load
conditions.

Fuel Oil Consumption

50,00
40,00

30,00

25,00

fuel il consumption [I/h]

—de— Main Engine; 478 kW
—i— Aunilliary Generator: 80 kW

0 20 40 60 80 100 120 140 160 180 200
load [kW]

Figure 17. Fuel consumption main engine and auxiliary generator ¢thits

Additional costs result mainly from the additional electric engine as well as the necessary changes
(rearrangement of machineryfor installation All existing machinery will bentegrated into the
concept. Nevertheless, the fuel and emission savings depend on the efficiency of the installed electric
engine Below 90% efficiengythe gains forimproved part load efficiency are loghrough electric
conversion

However, due to theelatively low efficiency of the auxiliary engines, not much can be gained here.
Better results would be achieved by more modern generators ¢begpter3.10.2Diesel Generators
with Variable Engine Spegpd

14 Data from engine tests on test stand

H University of Applied Sciences
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2.6.3 UpgradePotentialto Hybrid-Drive Solution

The dieseklectric layout can be upgraded to a full diestdctrichybrid concept by the utilization of

a battery bank for storing excess energy. This allowsiing all particpating engines under ideal
conditionsindependently of changing power requirements for propulsive ne#fidse battery bank is
fully chargeddieselengines can be turned off, using previously stored energy for propulsion needs
(electric mode).

Since thecosts for an appropriate battery system are very high and changes to adapt the electrical
system of the vessels to work in conjunction with the diedettrichybrid-drive-train would raise
further technical effort the total costs will likely exceed thexpected benefits. Furthermore, the
diesetelectrichybrid concept demands special skills. Local specialists could hardly carry out
maintenance work and monitoring of the systems at regular intervals. Flying in specialized personnel
for maintenance work wold further increase costs.

However, manufacturing companies claim high saving potential compared to conventionardiive
layouts and reasonable amortization timespans. Another point that speaks for this system is the high
dieselfuel cost in RMI sincéne amortization timespan depends on fusbst savings.

2.6.4 Use of biofuels

The use of biofuels (coconut/algae) would perfectly fit into the concept for final emission reduction.
Nevertheless, all other measures should be apdimstito minimize fuel consuiption. Production cost

for biofuelishighand upscale potential is limitediue to high fuel demand as well as the fact that not
every engine can be run by biofuels

2.7 Auxiliary Energy System
Details in ChapteB.10Yuxiliary Energy Systemn

Theanalysif the auxiliary system oMV Kwajalein has shown, that the existing electricity generati
is very inefficient for various reasons and accounts for a high proportion (30 to 50 percent) of the total
fuel consumption.

! ' '
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Figure 18: Specific fuel oil consumptioof a Diesel Figure 19: PV and WinéGenerators for MV Kwajalein
Generator
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The efficiency of the system can be increased significantly by ingtatimdditional i2sel Generator
(DG) for low load operating states.g.,navigation and idle states. For further planning and possible
implementation, the measurement of surge currents of the individual motors, as well as the
preparation of load profileand peak demands during the different operating conditions are required.

Besides, the integration of renewable energies can reduce fuel consumption. Photovoltaics should
primarily be considered here, as it offers the most significant-besiefit ratio. Wid turbines could

also be considered. They are more expensive and more complex than photovoltaic but therefore offer
better availability.

The use of photovoltaics and wind turbines requires a higher battery capacity to store unused energy.
Combinedthe measures for the auxiliary machinery (new smaller generator, photovoltaics and wind
turbine) will result in auxiliary fuel consumption savings of about 50%.

The system that is created for auxiliary power generation is also perfectly suitechasging stabn
for small electric drive systems that could be usexdoard the small boats for cargo delivery and the
collection of copraSee chapteB.10for further details.

2.8 Navigation
Details in ChapteB3.7 Wavigatiof

Safe navigation is a critical part of ship operations and the precision level of the navigation has a
significant impact on the overall efficiency of the fleet. The vessels in the MISC fleet have different
levels of naigation systems on board, with not all the equipment being operational. It is therefore
recommended to repair or replace the equipment that is out of order, or install new systems where
none is on board at the moment to ensure at least the following stddon each MISC vessel:

Tablel: Recommended navigation equipment

Purpose Recommended

model
1 Provide position

Satellite Compass 1 Provide heading for autopilot Furuno
1 Provide roll and pitch data for data analysis

Wind sensor {1 Provide wind data for fleet analysis Furuno

1 Enable precise navigation on long sea passag

Autopilot Tokimek / Simrad
to save fuel

University of Applied Sciences
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1 Display and use current nautical charts in route
ECS (Electronic Chart  Planning and for safe passage of dangerous
System) areas

1 Display survey data gathered in the future

Furuno TimeZero

Satellite _ _
communication f Receive weather updates for weather routing -

. . : ) run
system e.g., 9 Enable ships to be in contact with head office uruno
INMARSATC

Precise navigation can only be as gasdhe survey data it is based on. It is therefore recommended
to establish a lowcost survey system that is able to improve chart data along dangerous areas and
narrow channels. This will enable vessels to sail in these waters even during not optimi&ibosnd

(i.e. during hours of darkness), which will improve flexibility and passage times between destinations.

2.9 CargoOperations, hld Efficiency and Logistics
Details in ChapteB3.6 €argoOperation,Hold HficiencyQ

Operation of cargo is performed by a traditional four boom loading gear for access to the two main
cargo holds. If the vessel is to be retrofitted with wind propulsion technologies, depending on the
system in question the operating proce@umust be altered towards a system that allows the
utilization of the specific WHPechnologiesSeveral alternatives are thinkable that could come to
application:

i State of the art hydraulic crane system
9 Integration of the WFSystem into the cargo operati by using the WASystem booms
1 Alter the existing loading gear to adapt to V8pstem
1 Choose new positions for loading gear, to not interfere with-8yBtem
In dependency of the installed W&ystem the best working solution will be realized.

The necessjt of separate stwage for copra and all other types of cargo isaccording to our
understanding- the main reason foplanning the return trip calling the sanaolls as the outward
trip. On the way to Kwajaleigeneralgoods are brought to the atolls, W& on the return journey the
copra is collected from these atolls.

Better use of the cargo space capacities (tweeaks), improved stage facilities (stowage boxes)
and improved logisticgp{anning andmonitoring) would make it possible to use tlgferent cargo

holds of MV Kwajalein in such a way that the proposed round trip would be possible without copra
coming into contact with other cargo.
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2.10Cargo and Passenger Operation wignder boats ¢ Parallels towards
Inside-Lagoon Transport

Details in Chapte 4.3 Electrical and hybrid propulsién

For all destinations, except therts of Majuroand Kwajaleinsmalltendermoats carried on deck of the
ships are needed fotargo and pesenger operationsh& operational profile of those boats is similar
towards the requirements on the imsliagoon boats (WAM). They muste capabldo carry small
amounts of cargo as well passengers. The boats should be stable in the water and ideally they should
be poweed by renewable energies.

Electric Hybrid Driveand WPSolutions forMISC e&nderboats

Since these boats always return toléinge vessels after a short trip to the shore, they represent the ideal
platformfor experimenting with electribybrid propulsiontechnologies. The needebkctricenergy can

be produced on board the MISC vessel by means of efficient generators, photovoltaic andbiried.

Additionally, these boats can be powered by small wind propulsion systems for further reduced energy
demand Herby, different systems can come to application. Measurements on performance and
practicality of these systems under real working conditions can be analythedcourse of this project

and will add valuable data to the proceedings of inksigeon trasport

2.11 TrainingConcepts
Details in Chaptef3.13WrainingConcepsQ

In order to help the crews onboard and personnel ashore to implement the chosen measures, it is vital

to develop and implement a cgmehensive training program. Crew training is best achieved onboard

a ship with the new technologies on board, so it is recommended to build up training capacities on the
NEBONRFAGGSR @SaasStod ¢NIAYAYI 2y o2 NBs likekds&s 06 G NR I
operatioral efficiency, specific technology trainiagd theuse ofwind propulsion New technologies

can be added and tried in several successive steps, and experiences and knowledge gained can be
transferred tothe other vessels and wihelp to ensure longerm sustainability.
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3 Detailed Operationabnd TechnicaDptions forInter-Atoll Transport

This chaptedeak with various operational and technical measures that can be applied to achieve the
objective of reducing emissions from MIShips in particular and similar ships in gendtr#.our goal

to mediate an understanding towards the underlying physical principle of each operational and
technical measure that can be taken for improving efficiency and reduce fuel consumption and
emissions.

3.1 Description and Assessmeitheme of theProposedMeasures

The description and assessment of the proposed measures are based on the scheme described below:

91 Description of the technology based on the technical and scientific background with
the aimof presenting the starting point of the measure described as comprehensibl
as possible.

9 Discussion on the interaction of the different measures. Positive as well as negative
effects, which could result from an implementation of the measure are presented.

1 Consideration of the specific boundary conditions within the Marshall Islands as well
as on board the MISC vessels, which could be of particular importance for the
implementation of the measure.

9 Estimated calculations with regard to performance, coststhedxpected
fuel/emission savings potential of the proposed measures.

The essential aspects for the selection of technology faiejpth consideration in this catalog are:

1 Degree of technological development
1 Efficiency and economy

Technical proposals Witherefore,focus on solutions that have been well documented and analyzed
by scientific research or previous implementations in a similar context.

Efficiency in terms of expected fuel/emission savings compared to production/installation costs and
maintenance and operating costs must be the most important factor in selecting appropriate
technologiesCostand efficiency of the proposed solutions have to be considergt geographical
situation and aspects related to the availability of qualified stafféhto be taken into account

3.2 (onsiderations onAchievable Savings Potential

Quantifying the savings potential of the proposed measures is a very complex matter since the savings
potential of any operational or technical measure depends on many influerfeicigprs. Each
implementation of a technical or operational measure changes the initial situation for subsequent
measures. In addition, measures that are particularly beneficiadriership may not be applicable to
another ship or may offer only limitedgings potential in this context, as different conditions exist for

this second application.

The achievable savings potentials are therefore not universally valid but mustvalgated for each
application. The aim of this catalog, however, is to astespotential of these measures as well as
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possible and to identify the influencing factprshich have a positive or negative effean the
corresponding measure.

A mathematical model based on empirizadalytical formulae was used for all calculations o
resistance, power requirements and savings potential. The different coefficients used in these
formulas were selected to the best of our knowledge. The mathematical model was calibrated on the
basis of the test results from thgpeedtrial performed by Mrk Oxley with the MV Kwajalein in the
lagoon of Majurdn 2018

However, these calculated values are only a good estimate of the actual ship performance as some
parameters were kept constant (displacement, trim) and other assumptions had to be madk of la
detailed information. In reality, displacement and trim of the vessels in questionofvitourseyary

from voyage to voyage, resulting in different power requirements and savings potential.

The available data will provide a good overview of thegiallities of the proposed measures and
should convey a deeper understanding of the underly@anicalprinciples.

The simultaneous implementation of various measures will lead to the overall result of the measures
taken within a test periodg(.g.,oneyear) becoming visible in the form of time savings as well as bunker
costs and emission savings. However, it will be difficult to quantify the specific benefits of individual
measures. In order tajuantify the savings potential oéach individual measurea stepby-step
implementation would be advantageous. In this way, a scientific evaluation of the efficiency of the
measures taken could be determined by appropriate measurement techniques. This measurable data
on the efficiency of each individual technicald operational measure would be of great value for
decision making in terms of scalability towards additional vessels and other regions.

3.3 Fuel and C@-Monitoring

To develop low carbon sea transport in a structured way a monitoring system for fuel coisump
and CQ@emissions needs to be established as a basic tool for evaluation, continuous optimiaation
decisionmaking. The development of suatsystem require®perationalprocedures, measurement
devices and the recording and processing of data; e.g

T YSIF&dzZNAYy3a YR NBO2NRAY3a (KS aKALIQ&a FyR 02
1 measuring ship performance data: speed, distances, engine power, cargo guantity
9 documenting cargo flow and cargo handling operations
9 evaluating all data and presenting relevant informatiom statistics
1 using relevant information and statistics for continuous optimization, benchmarking,
planning and decisiomaking
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Ship: Office: Academic Support: Management:
Measuringand Recording data of Collectingand Planning,

: ; decision-maki
recording cargo quantities, evaluating all data EC'%"D” making
fuel, cargo, cargo handling, presenting relevant co ”_tm_UC' —
performance cargo flow infarmation, optimization
indicators statistics

collecting all ship's benchmarking

data

Figure20: Fuel and CG-Monitoring Systent flow chart presenting basic procedures

Building up a ranitoring system requires an integrated approach comprising all parts of the chain of
sea transport, even better including interfaces with other modes of transport. It can be assumed that
all required data is available but needs to be put into a new maoinigoprocess. Onboard the ships
effective methods to measure and record fuel consumption and ship performance data need to be
introduced. First proposals for automatic recording of ship performance data have been presented and
trialed on MV Aemman in Felaiy 2019 by Emden/Leer University of Applied Sciences. The objective
is to design a simple and lesost measuring and data collecting system fulfilling the specific
requirements of fueland performance monitoring. The basic approach is the design ofemsgurce
system where local institutions can participate and further develop the systgmby adding new
components.

engine room system on bridge

max 300 ft
standalone
GPS reciver
shaft rpm
- = 8 for data
--—— porarey 2 [ Powser I:fchangea
3
fuel rack =
setting ; ..........
g | Y
ship
. navigation
. . system
additional
systms

Figure21: Basic measuring system trialed on MV Aemman in Februanf/2019

15University of Applied Sciences Emden/Leer
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The installation of measuring an@ta collecting devices could be arranged as a part of upgrading the
navigation system as described in chap&¥. The buildup of processing, evaluating and using
information as an input for optimization and ongoing improvemest be arranged as a set of training
modules for all participating parties. The University of the South Pacific in coopevétioits own
Micronesian Centelior Sustainable Transport could take over coordination of this process and develop
special compegnaes in this field. Emden/Leer University of Applied Sciences could support through
technical and operational inputs

Fuel and COznonitoring will not directly contribute to savings, thus saving potentials of this option
cannot be numbered. However, aomitoring system seems to be an essential part of the whole
process serving as a basis of knowledge and steering instrument.

3.4 Slow Steaming

Slow Steamings the most effective fuel and emission reduction measure for any ship powered by a
conventional powetrain consisting othe main engine and its propeller.

The first and most effective response by ship owners after the 2008 economic crisis was the
introduction of "Slow Steaming". Later on in this crisis, even "Super Slow Steamitdieba
introduced forsome vessels.

The second step in adapting ships to these new conditions has been to adapt the ship's drivetrain to
the new speed, which had lost its optimum operating point with the introduction of slow steaming. In
this sense, the propellers were firstplaced and later the bow bulges (which are always optimized for

a certain cruising speed) were rebuilt.

The trigger for those measures has been the drastic decrease in cargo volume, which resulted in long
lay times and thus increased cosAs responsegto the urgent need to reduce costs slow steaming has
been introduced as dirst measure to ensure the continuous utilization of shigpsd bunker cost
reduction

Regardless of the further measures (adaptation of the drive train), a reduced speed will @acys |

a better fuel/emission value per nautical midmiled On the other hand, there ,isof course,an
economic reason for the neefdr higher ship speed, as the annual freight capacity decreases the
slower the ship travels.

Slow Steaming is the optimizan to economically acceptable sailing speeds in relation to the transport
task of the ship or the fleet.

3.4.1 Considerations on thé>hysics of Hull &sistance
Every ship is exposed to different forces of resistafites resistance of a ship can be divideaint
different parts, which have different causes. The two main components are:

9 Frictional resistance
I Residual resistance
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The frictional resistance of all wetted parts of the hull depends on the surface finish and condition of
the hull and the degree of foulg an the hull and propeller.

Residual resistance includes wave resistance and vortex resistance. The wave resistance refers to the
loss of energy caused by waves generated by theCsBip Y #hiougR tyfie water, while the vortex
resistance refers to théoss caused by the separation of currents, in particular at the aft end of the
ship.

Additional important resistance components that will influerthe power demand of the vessel are:

1 Added resistance due to fouling
9 Added resistance due to wind
i Added resigance due to waves

For a deeper understanding of the different resistance components, calculations were carried out for
the MV Kwajalein, based on the measurements performed by Mark Oxley and Raffael Held in the
lagoon of Majuré®. The calculation model waslibrated by the different measurements performed

for varying engine load (MCR 50%, MCR, @b MCR 85%lPrior to thespeedtrial, the hull hadbeen
recently cleaned. The value for added frictional resistance is therefore assumed with a low value of
10% (5% difference towardhke perfectly/hydraulic smoth surface and another 5% ftve first level

of fouling: forming of slime on hull surface). The calibration of the calculation model indicated that the
total efficiency of the powertrain lies at a loemel of about 2%. The real value for th#btal propulsive
efficiencyxan only be determined with certainty after the installation of a shaft power measurement
device.

Theoretical background for the calculation model is based on the works from B. Wagner
Schenzl®¥, B. Blenderman, P. BlumeU. Keif°, and M.Khiatanf™.

The following graph shows the calculated value for the required delivered Powen (@ependency
of vessel speed ranging from 7 to 10 knots, for MV Kwajalein. The required delpevest is
suldivided, based on the different resistance components, displayed in different colors:

1 green for frictional resistance

91 yellow for residuary resistance (in dependency of hull form)

1 blue for added resistance from wind and wavet @ wind direcion 90°from the
port side)

9 red for added frictional resistance resulting from surface condition (fouling)

160xley, M. (2018)Establishing Baseline Data to Support Sustainable Maritime Transport Sérihizds REPORT
Appendum 1, TA345 REG: Establishment of the Pacific Region Infrastructure Facility Coordination Office (PRIF)

17Wagner, Windkifte an Uberwasserschiffen, 1967

18 Schenzle, Technik und Stromungsmechanik von SegelscRitfbeh

19 BlendermanngSchiffsform und Windlast Korrelationsnd Regressionsanalyse von Windkanalmessungen am Modell
1993

20P, Blume, U. Keil, P. SchenRegchnerische Bestimmung der Widerstandigdrung eines Schiffes in regelmafiigen Wellen
und Vergleich mit entsprechenden Modellversuch&873

21Khiatani,Der Einflul des Zusatzwiderstandes durch Seegang und Wind auf den Schiff*drﬁ&&urf
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Delivered-Power - depending on Speed
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Figure22: SpeedPower curve for MV Kwajalein

It can be seen, that residuary resistance resulting from hull form (showelliow) grows with the '3
power of vessel speed and becomes more dominant at higher speeds.

Besides significant power reduction, slow steaming therelfeads to a shift ithe share ofesistance
componentson total resistanceThis will havan influence on added frictional resistance caused by
fouling since the percentage of frictional resistance increases the slower the vessel is sailing.

3.4.2 SavingPotential from $ow Seaming

A first approximation of the expected fuel saving is done for MV Kwajaleiail&kdocumentation of

the installed main engine, sea trials, fuel consumption, etc. is available, which allows the
approximationof savings through the application of the proposed measufesm the speed triave
havethe following table for engine loaaind corresponding vessel speed:

Table2: Fuel consumption in various engine load conditions (MV Kwajhkese)l on speed trial

Nominal Load 50% 75% 85%
RPM min? 1189 1362 1420
Speed kn 8.63 9.59 9.93
Fuel consumption It/hr 55.7 83.3 94.7
[t/nm 6.46 8.69 9.54

The following graplshows an approximaion of fuel consumptionper nautical milén dependency of
vessel speed, ranging froén5 knots to 102 knots for MV Kwgleinin typical operational conditions.

The figure wasreated onthe basis of the calculation model for vessel resistance as well as main engine
test record fil&? concerning fuel consumption for different engine loads.

22 Shipyard documentation filgzrovided for MV Kwajaleir2013
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The hugepotentials of slow steaming can Beenin thegraph neglecting the influence @ngine load
dependent changes in the specific fuel oil consumption (SFDE¥e aspectwill be considered in
chapter3.11on main engineand drive trainperformance

Fuel consumption / Vessel Speed
[based an calculation-model: Displ. =862t, Trim = 0,85m
fouling = 50%, average windspeed = 7m/s |

14,00

10,00
8,00

6,00

Fuel consumption [I/nm]

4,00
2,00
0,00

6 6,5 7 7,5 8 8,5 9 9,5 10 10,5
vessel speed [kn]

Figure23: Fuel casumption based othe calculation modeand main engine tesecord

A reduction of vessel speed b§% will lead to fuel and emission savings of akbiib.

3.4.3 Interaction with other Technical o Operational Measures

While at higher vessel speeds frictionatlaadded frictional resistance (fouling) is responsible for about

40% to 50% of total resistance, this value increases significantly the slower a vessel is sailing. Thus, all
measures that have a positive influence on frictional resistance will yieldrivefalts if slow steaming

is introduced as well. Since total power requirement decreases to less thathindeof the original

power (speed reduction to 7knots for MV Kwajalein), all measures that lead to direct thrust reduction
will significantly benefifrom the introduction of slow steaming as well.

Speed reduction (slow steaming) reveals a high potential for fuel/emissions savings. It has to be seen
that the voyage duration will baffected by this measure. As long as the effect of longer voyage
duration is not critical for economic or other reasons slow steaming could be an effective part of the
concept. However, the loss of time can be partly or fully compensated by other measures, such as
weather routing, improved navigation methodsnd voyage logtics. Furthemore, the use of wind
propulsiontechnologies(Chapter3.9) allows faster traveling speedagain if wind conditions are
favorable.

Asalready mentioned in the introduction to this chapter, slow steaming is thayirst and simplest
part of this measure. Further savings will résiiom the complete adaption of the drive train to this
new speed.Starting with theadaptationof the propellerto the new load conditionand ending by an
optimized main engine concephd bow bulb shape
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3.4.4 Potential of slow seamingfor MISC leet

The Baseline study revealed that all four vessels were utilized only about 40% (Ribuuk Ae) to 70%
(Aemman) of time during the year in 2016. Just about 70 days during this year has each veabg| act
been on voyage at sea. This data indicates that slow steaming even at low speeds of 7 knots would be
a very good option to significantly reduce operating costs and thus emissions of the fleet.

Even if the option proposed in the baseline report of hditawing the Ribuuk Ae from service
(compensation for these voyages with MV Aemman and Khjalein isimplemented more than
enough time remains for a speed reduction of 26% or more for the remaining fleet.

3.5 VoyageOptimization and Weather Routing

Optimizang the routes and the trading patterns of ships in the area will yigither savings potential
Voyage optimization comprises all long term options that can be applied for finding the optimal
sequence for the approach of different destinations during@ @oyage, by regarding typical weather
conditions depending on seasonal changes. Prefer of traveling routes along the leeward sides of atolls
and islands (expected lowest sea state conditions), will lead to minimizing additional resistance from
waves. Wedter routing at the other hand is the art of making the most out of short term weather
conditions by finding and continuously optimizing the route towards the next destination on one
voyage.

3.5.1 Resistance and Powerdguirements inWind and Waves

Figure24 shows the influencef wind and waves on the required Bpower delivered) to maintain a
constant vessel speedp B plotted against the course sailed towards the true wind direction (angle
from 0° to 180°, Baufort4). The diagram shows the differeparts that sum up to the total required
power R to maintain this speed. It can be seen, that there is a significant increase in resistance when
sailing against the wind due to waves and wind.

Delivered-Power - depending on course towards true wind
- devided with respect to the resistance components -
(Krouting = 10%, Bn =4, ship speed = 10 ktn )

600

550

500

450

00 WAPD_waves [kW]
— 350
= 300 W APD_wind [ kW]
< 250

200 PD_residuary [ kW]

150
mAPD_fouling [ kW ]
100
50 PD_friction [ kW ]

0
0 15 30 45 60 75 90 105 120 135 150 165 180

course towards true wind [ deg ]

Figure24: Delivered power depending on true wind angle

The added resistance from wind and waves varies with true wind angle. The diagram shoetslthe t
resistance with wind fronstarboardside. Values for wind from pegide can be mirrored.
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The total requied power to maintain constant vessel speed in different wind conditions is displayed
in the following two diagrams fahe MV Kwajaleinvith aspeed of 7 and 10 knots.

required delivered Power - due to wind and waves, depending

on course towards true wind
(Ktouing = 10%, ship speed =7 ktn )
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Figure25: Required power depending on true wind angle (dp&&n)
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Figure26: Required power depending on true wind angle (speed 10 kn)

Wind and waves have a significant influence, even in moderate weather conditions of 4 to 5 Beaufort
(average value for RMI). For low vessel speedsantpertance of weather routing is more pronounced
than for high vessel speeds. Considering a course against the wind fai dr@&ind 30% 60%
(depending on vessel speed) of required engine power is needed to overcome wind and wave
resistance Avoiding tlese conditions can reduce the fuel consumption of the vessel. An additional
advantages the possibility to avoid large waves to increase cargetygaind passenger happiness.

A Route Optimization System (RQ@)n take advantage of the different power ggements and
changing weather conditions to find the optimal route with the lowest fuel consumption from origin
to destination.
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The necessary inputs for this optimization are:

The point of departure and destination

The time frame (arrival time, departutame, or time window)

Il Y2RSt 2F (KS &aKALIQa NBaAraldlyOoS Ay | ff
1 Currenthigh-resolution weather forecast for the area

= =4 =4

Based on this data, an algorithm in the routing program can calculate and compare different feasible
routes and output he path of least fuel consumption that meets the defined constraints, i.e. arrival
time. The suggested route may not be the shortest route, but it will be the most fuel efficient,
considering the additional resistance in certain conditions, and the additithrust from an installed

wind assisted propulsion system.

As this route is calculated on the basis of weather predictions with increasing uncertainty attached,
the further they reach in the future, there is a need foraa@culation as often as onceepday. This
brings the need to update the forecast data while underway, so a communication system capable of
downloading new forecast data at least once per day is needed. This is discussed in 8hapter
Navigaton equipment.An optimized route might also be suggested to depart later than planned,
which could lead to significant fuel savings if this is feasible from a logistical standpoint.

3.5.2 Weather Routing- Gonditions in the RMI

The RMI is located in the traddmd zone, which gives very stable wind conditions from November to
May, and variable wind conditions from June to October. Weather routing takes advantage of changing
weather conditions to find the path of lowest fuel consumption, so this measure is ylarticeffective

during the summer months when conditions vary. The best route is likely to change on a daily basis,
which makes frequent recalculation with current forecast data sensible and necessary.

Duringthe winter months, when stable conditions greevailing, frequent weather routing has a lower
savings potential. In this period, it is sensible to perform a deep analysis of all trade patterns of the
fleet and optimize the port rotation based dahe lowest fuel consumption.

3.5.3 Voyage Optimization

For the climatic/seasonal optimization of theailingroutes it is advisable to invest some research
towards the optimal seasonal time frames feaiilingcertain routes between the atolls. This can be
done by detailed analysis of stored digital weather datarfiithe last decades. At the same tiptkis

is a good opportunity to make use of cultural knowledge, as this is exactly what happened during
several hundreds of years of trial and error. People found the most economic connections and seasonal
time-frames wih perfect weather conditions for the needed tasks.

Changing theoyage schemes ammbrt rotation is a major change for ahipping partiesvho are used

to the current trading patterns, and the MCST is already working on this topic in relation to tultura
heritage and effectsThe voyage optimizatiois recommended to take argpprovedWASRPetrofit
options into account
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3.5.4 Interaction with other Measures

Voyage optimization based on weather can lead to fuel consumption reductions on its owim, but
combinaion with installed wind propulsion systems, the importance of this technology is amplified, as
not only the resistance from wind and waves is minimized,dsmadditional thrust is generated in
favorable conditions. Therefore, with more ind¢al wind pwer, the importance obptimized routes

rises to gain full advantages of these systems. For further details on the potential savings of weather
routing in combination with wind propulsion systems refer to chagitef this report.

3.6 CargoOperation,Hold Hficiencyand Logistics

The main goal for the proposals that are presented in the following is to enhance efficienuyréy
efficient cargo operation methodshanging the concept farargohandling logistics asell as better
use of available cargo hold capacitidtso the adaptation of wind propulsion technologies requires in
some cases different solutions for the handling of the cargo at the quayside.

Savings in GHG emissions re$udim reduced waiting timesshorter loading times at the quayside,
which leads to reduced use of auxiliary power as welfeager journeys through maximizing the
efficiency of available freight capacities.

An important part in the process of cargo operation relies on the deliveatsboarried on deck of

MISC vessels for the handling of cargo and passengers at destinations where the vessels have to anchor
inside the lagoons. Since this is the case for almost all destinations, the efficiency of those boats offers
a considerable portio for overall savings potential.

Changes in the schedules, port rotation or time available in each port will signifiedfetty other
aspects connected to the operation of the vessels. Such aspects are connectivity betweerhatolls,
time required to dabusiness along the route and so on. To avoid disruption and to include all parties
affected by those changes, it is suggested to continue -@epth discussion. The measures suggested
in this report are intended to start this discussion gmvide inspiation for solutions suitable to
SOSNE2ySQa ySSRao

3.6.1 Cargo OperatiorEquipment
Cargo operation on boarmhost MISC vessels is performed by the use of two cargo booms for each
cargo hold A well proven system that comes to applicationrftanygeneral cargwessels.

Today more advanced systems are available that allow quicker handling of the cargo and require less
man power for operation. Also the introduction of wind propulsion technologies sometimes requires
other systems for the handling of the cargajcs the existing large cargo gear would interfere with

the newly installed Wfechnologies.

In the following differentlternativeoptions for the handling of cargo are described:
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Rotating Gane

If no other systems obscure the use of a rotating crhise¢can bea good solution for efficient cargo
handling. The setting allows the access of all cargo holds with onlyatatng crane, positioned
between the cargo holdé. Trolley underneath the boom, enables the operator to place the load,
independentlyrom the length of the boom.

A system of this kind, could come to application if a FletfRetor is installedn mid shipposition
between the two cargo holds. In this case the crane would rotate around the base pipe of the Flettner
Rotor, without interéring or the possibility of damaging the V@ystem during cargo operations.

Figure27: crane rotating around axis of Flettn&otor

A system like this will allow the access of both cargo holds towards both sides of the vabeel. If
rotating crane is positioned at one side of the hull (use of a finished product) the service for the two
cargo holds can still be accomplished by just one crane system, but only to one side gtanmboard

side) of the vessel.

Hydraulic Equipment

Hydraulic equipment is todays standard wherever large forces are needed. A hydraulic crane would
enhancecargo handling tremendously. Besides of faster operation, it is likely that energy demand as
well as required man power will be reduced. Since hezagd are quite common for marine applications
there are many manufacturers specialized in the production of hydraulic cranes for marine applications.
The variety of available options ranges from very sumnaills to huge heavy duty applications.

For the aplication aboard MISC vessels the crane should be positioned in a way that ideally all cargo
holds can be accessed by one unit. If the same model comes to application on all MISC vessels,
maintenance as well asailability of spare parts could easily be maged.

| %o
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Figure28: hydraulic crane system from Hi&arine?®, Model: AK 10 NE2

A hydraulic systentike above can be installebetween the two cargo holdsone side of the vessel
with access to botbargo holds

23 http:/lwww.hsmarine.net/images/pdf/HSMARINE_produakspdf —
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Usethe boom ofWP-System

Depending on the WinBropulsionsystem that comes to applicatiothe handling of cargo can be
accomplished by utilizing the booms of the \8istem. If this ofon is anticipatedthe design and
construction of the boosmustallow the operatioal mode for cargo operation. Details of how this can
be accomplished depend very much on the specific designWrRkgystem and the layout of the vessel
in question.

Figure29: using the boom for cargo operation

A trolley uncerneath the boom can serve for the positioning of the cargo. The resulting system would
be similar to the option of a rotating crane, limited in this case todtg® hold underneath the boom,
but offers the possibility to operate towards both sideseotiéissel.

3.6.2 Optimizing efficiency of Cargo/Passenger delivery boats

Basically the same principles that have betamntifiedfor the large MISC vessels also account for small
inside lagoon boats as well as the tender boats for cargo and passenger opelMéasures for
reduced emissions are:

1 Speed reduction (slow steaming)

1 Reduced hull resistand®y maximized freight capacitglever vessel design)
1 Reduced engine power demars use of WPrechnologies

1 Use of renewable energies for thrust generatiorP{@pulson)

Since the operational profile of the tender boats is very similar to the requirements on-iagjden
transport vessels, the experience gained in the course of prototyping and testing for-iagan
transport can be adopted in the developmenatdsvefficientender boat for MISC-Vessels Details

on hull design and WHPechnologies are subject of the inside lagoon experimenting with new vessel
designs and wind propulsion syste(refer to chapted.2 PrototypeDevelopmerh f o r-lagooms i d e
boat3. Vessel design for inside lagoon can serve as guideline, but must of course be adapted to the
specific demands for the tender boat service in the framework of MISC.
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E-Propulsion for Tender Boats

Additionally, to the proceedings accomplished by WAM prototype development, the experimenting
with electric hybrid drive solutions, would perfectly fit for the propulsion needs of MISC delivery boats.
All experience gained with electric propulsion will abdvance the transition to renewable energies in
the sector for insidéagoon transport.

In combination with renewable energies for auxiliary power generation ththagmplementation of
PV and wind turbines integrated into #ngxiliary energy system &ISC vesselsthesystenscan serve
for the darging of the batteries of tlielivery boatsby providing energy from renewable resources

Different epropulsion technologies can be tested during cargo/passenger operation in real service
conditions. Valuale experience in the handling and management of these systems will be made, which
enables fast transition to those technologies also in the ilagjden transport context, once the needed
shore based electricity grid is ready for the task of chargindpdtteries for insidéagoon boating.
Experience gained with those technologies will be valuable for all inside lagoon transport vessels but
also for future large scale applications for advanced main drive train concepts for propulsion of MISC
vessels.

For details on EPropulsiontechnologiesefer to chapted.3 0 nEleétrical and hybrid propulsiédn i n
the inside lagoon transport section.

3.6.3 OptimizingCargo Hold fiiciency

The cargo hold of most MISC vdsse not fully used during most voyag&he main reason for this is

the lack of a tween deck that would make use of the available cargo hold height of more than four
meters (MS Kwajalein). Other measures like more efficient stowing of pallet freigtatdchtionally
increase the efficiencyf available space.

Options for increased cargo haoddficiency are:

1 tween deck, for increased freight capacity,

9 Storage boxes etc. for better preparation of cargo beforehand as well as easier and
quicker handling ofargo,

1 Foldable top frames, instead of standardized boxes.

The efficiency of the ships can kasedby improved utilization of the hold capacities, as well as the
introduction of a suitable and standardized freight box syst@pportunitiesare also openeé up for

the organization of the routes, as improved utilization of the available space would allow, for example,
parallel transport of food/consumer goods and Cobra in separate cargo holds.

Reactivatingtween deck

For better utilization of the availablgpace, a tween deck can be used to improve the loading capacity
and accessibility of the cargo, reducing the need to stack cargo. This can be seen in the fodogang
hold drawing of MV Kwajaleirrdd line inFigure30).
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Figure30: Position of tweerdecksaboard MV Kwajalert

The tweendeck can balesignedin various ways. On the one hand, a fixed tween deck with access
hatches to the lowehold would be conceivable. On the other haradmovable/foldable tweertdeck
presents an optionThis could lead to better cargo handling during loading and unloading.

Storage boxes for pallet freight
The use of storage boxes would lead to a uniform and standardized dimension, which could improve
the handling of the goods as well as the organization and logistics.

Figure31: Foldable stacking frames for eupaillet$>

Since empty storage boxes must also be carried, a foldable system is an cobidicsy Empty boxes
canbe stowed easily and spasaving

24Yard drawings of MV Kwajalein
25 http:/iwww.bassum.com/en/palletsoverview1/collarswoodenstackingframe/
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3.6.4 CargoLogistics

There are several aspects that can be optimized regarding the logistics of cargo and passenger
transport. Even though the fleet fulfills the task of transporting goods and people between the islands,
there is room for further improvements. Some areas for optimization are:

1 Reducing waiting times for collection of copra at the islands, for example by using a
collecting station

9 Packing and handling cargo in standardized boxes or simple containers

1 Using moeérn equipment for handling of cargo tite quayside

9 Plannindogistics in advance,.g.,by digital applications, leading to weight
optimization and improved accessibility for efficient unloading at the point of
destination

1 Separating cargbolds for carying copra at the same time as general goods

3.7 Navigation

Navigating ships to the port of destination is one of the core tasks of the bridge crew of any ship. Proper
navigation ensures the vessel will sail in safe conditions and therefore, deliver thadhitirig cargo
and/or passengers to the destination without damage or undue delay. To perform this task even in
sub-optimal conditions(adverse weather, dangers to navigatipthe crew must be able to rely on
navigational equipment and aids to navigatibiat is in working condition and able to provide reliable,
accurate and regrducible data and information.

There are two parts to this system. The first is the equipment on board each individual ship. It has to
provide information such as position, routiata, and information on other ships in the area. This
information is closely related to the individual ship and the current voyage.

Navigation infrastructure asie second part is the foundation of the onboard systems, such as updated
charts, accurate sueys and properly maintained aids to navigation.

In combination, these factors can ensure safe navigation for all ships in the area and in the fleet, which
will enable operation of the ships even during the night or adverse weather. This can increase the
efficiency of the ships, the possible cargo capacity between lagoons and the frequency of connections
in the area.

3.7.1 Backgroundon the Role d Navigation Equipment Onboard Ships

The Navigation equipment on board serves the primary purpose to enable shfelable operation

of the ship along the intended route. This includes several processes from route planning over
measuring the progress along that route to collision avoidance.

There are several basic instruments that are needed for safe and preciggitian:

1 GPS, providing position, COG, SOG
1 RADAR providing secondary position and collision avoidance
1 Satellite compass providing heading, roll, pitch, and GPS data

H University of Applied Sciences
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9 Autopilot enabling accurate navigation on longer sea passages
1 Optional: Gyrocompass praling heading information for the autopilot
I Satellite communication unit

The most basic combination of systems for modern electronic navigation is a GPS receiver, providing
position, speed over ground (SOG) and course over ground (COG), combined witttramielehart

system (ECS) that is able to display a chart, route and the current position of the vessel. This basic
system will work in good conditions; as visual confirmation of the position is needed during coastal
navigation. In order to also operateidng the hours of darkness or in poor visibility, a second position
referencing system such as RADAR has to be installed. This allows the crew tcctieckl¢he
position and track of the ship, i.e. using parallel indexing techniques, and thereforeteamayrow
channels even in adverse conditions. This makes it possible to enter the lagoons even at night, which
will provide greater flexibility in planning the logistics. Additionally, it enables the vessel to ensure
collision avoidance even in those adse conditions.

Looking at the operational factors influencing the fuel consumption of a ship during the sea passage,
the steering accuracy has a large impact on the overall efficiency of the vessel. If the ship is allowed to
deviate off course by a laegnargin, large rudder angles are necessary to correct these deviations. The
rudder resistance is highly dependent on the rudder angle, so it is important to keep the rudder angle
low whenever possible. Steering the ship during long sea passages, humemigegl are prawn to be
distracted and let the heading deviate too far, which makes large corrective rudder angles necessary.
Therefore, an autopilot is an important tool to ensure operational efficiency during sea passages. The
autopilot cankeep the ruddeilngle under a critical limit and will reliably keep the ship on course along
GKS AYGSYRSR NRdziS F2NJ 2LIiAYdzy FdzSt SFFAOASyOeo
heading is needed as an input value, provided by a gyro compass. It ig@stezlland reliable system,
independent of external factors or connections.

In order to further improve operational efficiency, the route can be planned and optimized according
to the current weather forecast. As conditions change, the route optimizasigstem (ROS) can
calculate the path of least resistance to the required destination, also taking possible wind propulsion
systems into accountefer to chapter3.5for further details The ROS relies on current and accurate
weather data, and performance can be enhanced by frequent forecast updates. This is especially true
on longer passages. Therefore, a satellite communication system is required to ensure the transfer of
the current forecast data. The file sizes are rather tohitso no high bandwidth installation is needed,

but a reliable and easp-use system is of advantage. This system can also help connect the ships to
the operations center on a more reliable basis throughout the voyage.

3.7.2 Staus and Improvements @board the MISCHeet

In the context of the project TLCSe#Te operational profile of the MISC ships is to be further studied
and analyzed in depth. Much of the needed data can be provided by the abergoned sensors and
equipment. But there are also additiorsgnsors, that can record valuable data on the conditions the
ships are operating under. This data is needed to make the simulation and apealyeisned in the
projectasclose to reality, and therefore aseful as possible. The additional measuringigepent is

not strictly necessary on board of every ship but will provide useful additional information to the crew
on board and can act as a backup to the primary systems used for navigation on board.
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There are several additional systems that are needed &a collection:

1 Satellite compass providing heading, pitch, roll, and heave
1 Wind sensor providing apparent and true wind speed and direction

The advantage of a satellite compass over a gyro compass is the low cost and additional data that can
be measued by it, such as roll, pitch and heave motions of the ship. This data can be recorded and
help to analyze and improve the behavior of the ship in different weather and sea conditions. It can
also be easily retrofitted. The same is valid for a wind semdaich provides insight in the conditions

a ship is operating in, is very useful to evaluate forecast models and is especially important if any wind
propulsion system is installed or planned to be installed onboard.

3.7.3 Choosing a manufacturer

There are seval manufacturers that offer the equipment range described above. When choosing a
manufacturer in practice, there are several factors to take into account. When considering a refit, it is
sensible to expand the existing system, that is to minimize equiprinem different manufacturers

on the ship. This will reduce potential problems, as the individual components of the navigation system
are integrated and need to communicate with each other. The same holds true for newbuilds, with the
addition that it is &0 advisable to limit the number of different manufacturers across the fleet. This
will make it easier for crews to switch between vessels, troubleshoot problems and reduce the
organizational effort put in maintenance, ordering spare parts and crew taindtion.

It is also important to make sure that there is proper support and service for any equipment installed
onboard the MISC ships from the manufacturer side. If the need for manufacturer support should arise,
it is beneficial to have this suppors &lose by as possible to minimize spare part delivery times and
have technical staff on site to assist with the repairs. When installing equipment for the first time, it is
advantageous to have a dealership close to the shipyard that is usually aidibedegular repairs, as
especially in the installation phase, there is a need for support from the manufacturer and dealer for
the shipyard.

The shipyard used for the vessels in the MISC fleet is located in Suva, Fiji Islands. At the time of writing,
there is only one dealership for navigation equipment in the area, that is Furuno dealer Tecair Ltd.,
also located in Suva. The majority of the MISC fleet is equipped with Furuno navigation equipment. So
due to the abovamentioned considerations, it is recommaed to choose the Furuno product range

for installation on the MISC vessels.

The need for new equipment is reduced, as most of the vessels are equipped with the basic navigation
equipment, although some repairs and maintenance might be needed. In ayder &ble to optimize

the data collection and fuel monitoringnboard the ships, it is only desirable to install a satellite
compass and a wind sensor onboard the ships. This, in addition to the equipment already on board,
will enable the collection of vahble data about the operation of the ships, and the conditions that are
encountered along the traveled routes.
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3.7.4 Surveys, Garts, andAids to Navigation

For even the most basic navigational tools to work, there is a need for detailed and accurate Inautica
information about the surroundings. The most important information in this regard is the depth of the
water, which ispresented innavigation charts. These charts can be printed on paper or used in
electronic format. But in order to create the chartsdetailed survey must be carried out, and the
collected soundings data be transferred to a readable file to be used for navigation. The accuracy of
the surveys should follow the risk of groundings in that specific area. This risk has two factors
associatedo it, which is the depth of the water in relation to the draft of the ship, as well as the nature

of the ground, which will influence the damage to the ship in case of grounding.

In the waters of the RMI, the open ocean is usually very deep and is ¢tihenedét a danger to ships
navigating on the surface. The area inside the lagoons is typically shallower and can be a threat to
certain ships in specific areas. But the highestidsissociated with entering and leaving the lagoons

when crossing the reef® enter or exit the lagoon. Here, the waters are shallow, and the hard and
AKFNLI O2N)}f OlFYy AYyRSSR RIFYF3IS | AKALIQa KdzZ t Ay

Due to the inherent nature of these narrow channels, many ships do not attempt to cross them during
the hours ofdarkness, but instead, choose to drift outside in open water to wait for daylight and safer

conditions to enter the lagoons. This limitation reduces the operational efficiency of the ships and
elongates the duration of the voyage.

This situation can be ipmoved by increasing the precision of navigation. The improvements on the
vessel side have been discussed above, but the foundation of precise navigation is accurate charts,
based on accurate survey data. Gathering this data usually requires speciatizey ships, expest

to operate them and to analyze and process the data. But advances in the fishing industry have made
the multi-beam echo sounder technology available at a cheaper price and modern software is able to
process the data without extensive éwledge in the area from the user. The midéam technology

makes it possible to map the ocean floor in critical areas and make this information available for all
ships in the area.

COPPERMINE ISLAND

Figure32: Survey data overlay (left) and WASSRexample installation anRIB (righ#)

26 Furuno WASSP brochsre
http://www.furuno.de/Downloads/Wassp%20S3/Produktbl98GB84tter/WASSP%20Wirless%20Navy%20brochuranmtif
http://www.furuno.de/Downloads/Wassp%20S3/Produktbl% C3%A4tter/WASSP%20S3%20brochure.pdf
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Recent advances in this technology make it available also to a lower tech market as well. The WASSP
S3 system consists of a compact transceiver unit and a-btackor data processing. The collected

data can be iewed directly in an ECS on board or ashore. This will not create a new official electronic
navigational chart but will be displayed as a chart overlay on top of the official charts, that can be
switched on or off as required. This data can then be shaiéd other vessels in the area, who can
display the survey da as a chart overlay as well.

A sensible solution is possible due to the compact size of the WASSP S3 system: The installation of the
entire system on a small tender or a coastguard vessekwigiable to do the surveys of the critical

areas one by one, processing the data and making it available to the fleet. This reducesshaémy

in the system and makes theaining of the few operators possible. With the proper training and
guidancen the beginning, over time it is possible to map all the critical entrances and other dangerous
areas.

In combination with the aboweentioned navigation systems onboard the shifigs system may
enable crews to sail their vessels through these chamel® safely wittfewer limitations. It will add
flexibility and efficiency to the schedulaadreduce the travel time between certain destinations.

3.7.5 Recommendations

Safe navigation is a critical part of ship operations and the precision level of the timvibas a
significant impact on the overall efficiency of the fleet. The vessels in the MISC fleet have different
levels of navigation systems on board, with not all the equipment being operational. It is therefore
recommended to repair or replace the egment that is out of order, or install new systems where
none ison board at the moment to ensure at least the following standard on each MISC vessel:

Table3: Recommended navigation equipment

System Purpose Recommended
model
Satllite Compass 1 Provide position Furuno
9 Provide heading for autopilot
1 Provide roll and pitch data for data analysis
Wind Sensor 1 Provide wind data for fleet analysis Furuno
Autopilot Tokimek / Sihrad

1 Enable precise navigation on long sea passag
to save fuel

ECS (Electronic Chart Furuno TimeZero

1 Display and use current nautical charts in rout

System) planning and for safe passage of dangerous
areas
1 Display survey data gathered in the future
st L 1 Receive wedter updates for weather routing ATTY
Communication . . . ;
1 Enable ships to be in contact with head office
System, e.g.,
INMARSATC
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Precise navigation can only be as good as the survey data it is based on. It is therefore recommended
to establish a lowcost survey system that is able to improve dlgatain dangerous areas and narrow
channels. This will enable vessels to sail in these waters even during not optimal conditions (i.e. during
hours of darkness), which will improve flexibility and pagstimes between destinations.

3.8 Hull Coating and Cleang

Fouling on shiQ Rulls is a problem the maritime industry faces from the earliest days, but in the last
decades, the strategy of most ship owners has not changed much. In this chapter, the effect of fouling
is analyzed taking MV Kwajalein as an examand strategies to achieve fuel and emission reductions
through cleaner hulls are discussed.

As discussed in chapt&.4 (slow steaming), the frictional resistance is a large part of the total
resistance of ay vessel, and surface roughness is the main influence on that. The surface roughness
of a vessel at any time comprsevo factors: the quality and condition of the hull and coating, and

the state of biefoulingadhering tathe hull, which is the dominaractor after some time in the water.
Fouling leads ta significant increasn frictional resistance and therefore increases fuel consumption
and emissions.

The growth rate of marine organisms depends on the following fattor

1 The onditions on sitei.e. water temperature and salinity
1 Trading pattern and sailing speeds
1 The effectiveness of the adibuling treatment of the hull

The RMI is located in the marine growth zone 1 and 2 out of 10, indicating very high marine growth
rates, mainly supportedby high water temperaturesMISCshipshave long idle periodsand sail at
relatively slow speeds, botimcreasng fouling. Special care should be taken in order to restrict this
growth and minimize the impact on fleperformance

3.8.1 Effect ofSurface Roughess and FoulingmHull Resistance

The following diagram shows the curve for required PD, as it was introducgltapter 3.4, with
increased added resistance due to foulitgpical valuesfor smallto mediumcalcaeous foulingor
weed®). Looking at low vessel spedf 7 knots, frictional resistance (friction plus added friction from
fouling) make up almost 80% of total resistance.

27 Meenken, E. (2018Loordinating coating systems and cleaning processes to increase ship perforgfacoacept
development as a contribution to the projedransitioning to low carbon séeansport
28United States Naval Academy. (n.&ffects of coating roughness and biofouling on ship resistance and powering
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Figure33: MV Kwajaleirg required power depending on fouling

The diagam reveals the importance of clean hulls for MISC vessels since the major resistance
component results from hull friction. Fouling thus hasignificant influence orthe total power
requirements of the vessels. Furthermore, the high potential of slovarsteg for reducing fuel
consumption and emissions is illustrated again.

After dry dockings, vessels usually have a freshly cleaned and painted hull. But the forming of a biofilm,
the first stage of fouling, begins already within the first hours of immergiahe water. A clean hull

can only be achieved and maintained between dry dockings by act@dlen combination of hull
coatings and regular cleanings of the hull. The cleaning system must be compatible with the applied
coating so that regular cleaningsll not compromise the integrity of the coating.

The cleaning could be performed by divers within the idle periods of the vessels, either at anchor or
while berthed.This ensures a continued low frictional resistance and thus lower fuel consumption and
GHG emissions by the fleet.

3.8.2 Strategiesfor Dealing with Buling

There will inevidbly be an acumulation of slime and fouling on the hull of any vessel infiget of
RMI due to the geographical location and operatimgfie. This will lead taa signifi@nt rise in fuel
consumption of the vessels, depending on the degree of fouling. There are different strdimgies
deding with this issué®

1. Ignore and clean at dry dock

The developing slime and fouling is ignored and will be removed at the reguldodking
intervals of the vessel. After removal of the fouling, the datiling coating is reapplied. The

29 Hydrex, The Slime Factottp//ec.europa.eu/envirorment/life/project/Projects/
index.cfm?fuseaction=home.showFile&rep=file&fil=ECOTEC_The_Slime_Factor.pdf
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speed and consumption penalty is accepted. This has been the most common strategy of ship
owners worldwide and is the current MISC strategy.

2. Frequent ay docking and cleaning

Drydocking intervals are reduced drastically, allowing the hull to be cleaned on a more
regular basis. This strategy can solve the fouling problem, but is very expensive and results in
long offhire times.Therefore, this strategyinot practichle and cannot be recommended.

3. In-water cleaning
Cleaning of the hull while the ship is in water, on a regular basis, to minimiziodkyngs
and still maintain a smooth hull. The coating system used has a major influence when
choosing thistrategy. A robust coating that can withstand the mechanical stresses of regular
cleaning is needed. Depending on the chosen cleaning interval, this strategy can ensure a
clean hull while still minimizing cost and time spent in dry dock, as well agigaitmd from
the dry dock.

3.8.3 Coating @tions

An important criterion for the selection of a coating system is that it makes a smooth surface which
can be maintained in its smooth state. It must be applied properly, monitored and maintained in good
condition There are different antiouling systems available on the market. The most common systems
are described and evaluated het®

Controlled Depletion Polymer (CDP)

These coatings are releasing biocides over timthbygradual dissolution of the wategolude part in

the coating.This forms a layer of leeched material, whitdws downthe release of biocidesver time,

and requires cleaning or moving water to restart the releasing process. Since the MISC ships experience
long idle times, this is a disadvaige. The typical lifane is 3 years, making recoating necessary. If
recoating is delayed beyond the lifetime of the coating, the performance is reduced drastically.

Seltpolishing Polymer(SPC)

This is a biocide releasing coating as well, but the ratissblution of the coating is better controlled,

and there is no buildip of leeched material or residutikeletorleft over. This means, that there is

no movement of water or cleaning necessary to restart the releasing process. The release is more
uniform over time and has an expected effective lifespan of 5 years.

Foul-release Coating

This coating does not contain any biocides but instead usesstich properties to control and shed
fouling instead. This requires movement of the vessel throtighwater of over 15 knots to be
effective, which makes it uninteresting for the MISC and most other vessels operating in the RMI. Long
idle times also decrease the effectiveness of the system. The effectiveness of the coating relies on the
very smooth surfacewyhich is quite sensve to mechanicablamage, i.e. during berthing or from other
boats coming alongside. Damaged areas are not protected against fouling anymore, which makes
these coatings not suited for operations in Riéters

30 Meenken, E(2018).Coordinating coating systems and cleaning processes to increase ship perforqfacoacept
development as a contribution to theroject Wransitioning to low carbon séeansport
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Surface Treated Compostcoating (STC)

Thissystemachieves a very smooth and hard surface by etalirgg tiny glass particles in the coating.
There are no biocides contained in the coating, so frequent cleaning is necessary to maintain a smooth
hull. But in comparison to the fduelease coating, STC produces a very durable surface that can be
cleaned in short intervals and will last the lifetime of the ship. This makes reapplying tHedimtiy

coating in drydock unnecessary, with usually only minor toughneededDue to pdishing effects,

the smoothness of the coating even increases with every cleaning, increasing the efficiency over time,
while also avoiding increased hull roughness caused Jpairging the entire hull during drdocking
(seeFigure34). It is however vital, that regular cleaning intervals are maintained to avoid the buildup

of fouling.

Routine in-water cleaning

Hydrodynamically smooth

Drydocking for cleaning, repair

and replacement of coating

YRR RS TRERETT THSESRNE, P t = e

Time in years
Figure34: Comparison of hull roughness over time between coating types (Afeulinty, FR=fouteleasedue to long
term paint degradatior?!

3.8.4 Cleaning @tions

The cleaning system put in place must be chosen in combination with the coating applied to the vessels
in the fleet since not all coatings can be cleaned by the same systems. Traditionally, the uaderwa
hulls of ships are cleaned while out of the water either on the slipway or in dry dock. Since these
options do not exist on the RMI and the voyage to the next shipyard is long, the cleaning intervals are
quite long as well. In order to reduce thesedantals and profit from the benefits of a smooth hull to

fuel consumption and emissionismust be possible to clean the vessels on site, preferably in Majuro
during existing idle periods.

GUN 1222 DOME 1222 LANCE 1222

LI

Figure35: Different operating tools foCaviblaster model 1292

This makes an iwater cleaning system necessary. There is a variety of systems availablevigein
cleaning. To choose an appropriate cleaning system, there are several factors to take into account. The

3lyvan Rompay, B. (2011). Hydrex White Paper Nawdetwater ship hull cleaning: cosffective, nontoxic fouling control.
white paper, The Hydrex Group, Antwerp, Belgium.
32 http://www.geaco.eu/images/urts_range.jpg.
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system must be effecte; affordable and easy to use-\Water cleaning requires either cleaning by a
robot, which is expensive, or by the diver. This means that divers from the RMI have to be trained to
operate the cleaning systems, which can create job opportunities on site.

An extensive assessment of available technologies and products has been carried out by Meenken, E.
(2018), resulting in the recommendation of a cavitation cleaning system, which is operated by a diver
and can be powered from the ship while at anchor or frelmere. There are different operating tools
available, optimized either for larger areas or small and f#arckach spots?

3.8.5 Interaction with other Measures

The proportion of friction in the total resistance increases with decreasing spraplbmenting a bpw
steaming concept will resulh a percentage increase of the fuel savings potentiahaintaining a
smooth and clean underwater hdurface.

3.8.6 Recanmendations

For the MISC fleet, the combination of a Surfaceated Composite (STC) coating with a atieib in-

water cleaning system is recommended. This combination provides for a smooth hull, the regular
cleanings even increase the efficiency of the vessel andiacking intervals are no longer crucial for
fouling control. The necessary divers to pravithe underwater cleaning operations will provide
employmentopportunitiesat the larger lagoons and the cleaning tools are relatively inexpensive.

3.9 Wind AssistedShip Propulsion (WASP)

The followingchaptersprovide an overview of how wind propulsion caduce fuel consumption and
thus emissions from an engismwered ship. As a technical measure to direethd significantly
reduce the required thrust, wind propulsion technologies can be seen asmibst important
technically feasible option on the demding road to emissiofree maritime transport.

There is currently no other option available that meets the requirements for-eerission maritime
transport. The only conceivable alternative solutions that could be ready in the near future are electric
hybrid drives (today energy storage is the main cost driver), the use of biofuels (currently still too
expensive in production costs) and fuel cell technol@gguires hydrogen storage or similar variants)
However, these alternative solutions do not cortiet the use of wind propulsiobut are a very good
complement if they develop into efficient alternatives from an economic point of view.

Before possible conversion variants based on different wind propulsion systems are presented, the
following chapterswill discuss the wind asnaenergy source for ship propulsion, possible wind
propulsion technologies as well as various aspects relating to the ship to be converted.

33 Meenken, E. (2018). Coordinating coating systems and cleaning processes to increase ship perfpArmept
development as a contribution to the proje@ransitioning to low carbon sea transport
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3.9.1 Wind Gonditions in RMI
Looking at wind statistics from the Marshall Islands makes clesdrtile atmospheric conditions are
close to ideal for the use of wind power and the application of wind propulsion on ships. The area
between the intertropical convergence zone (ITC) and the subtropicalpnggsure belt yields high

availability of steadwinds from northeasterly directions averaging wind speeds of 14 to 16 knots.
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The average wind diction encountered on the eastern sector route is 68°, which ismagheasterly
wind 34

3.9.2 Suitability of WASRXoncept for MISC Fleet

Traditional as well as higberformance optionsare well suited for retrofibn the Kwajalein/Aemman
type of ship. For the decision on the most suitable solytamvantages and disadvantages have to be
thoroughly assessed and weighed. Some criteria are the following:

Aerodynamic performance, saving potentials

Safe and easy handdj (with impact on operating hours and savings)
No safety issues (maneuvering, stability, crew/passengers)

Robust technology, simple maintenance concept

= =4 =4 =4 =4

Cost efficiencye.g.,cost per 1 kW installed wind power and maintenance costs
1 Upscale potential fortte region

From the experiences of different projects, it can be assumed that both options, conventional sails and
high-performance wind propulsion are suitable solutions. A decision will be more either towards
simple technology but more work and effort tiye crew (conventional) or towards more advanced
technology easy and safe to use but with a higher level of technology and its requirements. However,
the project plan and budget may enable to select both sail technologies on two trial ships. A thorough
test program may reveal valuable technical and operational khow. The test results could support
future decisions on the choice of technology for the whole region transitgpto low carbon sea
transport. The TLCSeaT project could provide for special @@mmge and high upscaling potential.
Other regional projectshat are in an early planning phase.g., Cerulean/Swire, Sea Mercy) could
profit directly from the outcomes.

3.9.3 Wind Assisted PropulsionoEngine Assisted Sailing

The definition of¥ind-assiste@shipping, accounts for engine driven vessels that are assisted by a
wind propulsion system. The main thrust is still generated by the main engine of the vessel, while the
additional wind propulsion technology will reduce the required power that is ne¢aledil at a certain
speed.

There are different operation modes possible for wind assisted shipping:

9 sailing at constant ship speed, resulting from the combined thrust of veind
engine power. Engine thrust can be reduced, the larger the resultingngmpower
from the wind propulsion system will get. This operation mode often leads towards
situations, where the main engine of the vessel (originally designed for optimum
performance at a specific engine speed) will operate in adtfwiency range. Thas
why a dieseklectric powertrain is preferred when designing such vessels.

1 operate the engine at optimum efficiency, while additional driving power from the
supporting wind propulsion system will increase vessel speed. Through the
continuous high engmthrust, thehydrodynamic system of the wirassisted vessel
is altered towards a higherformance system (high value for the ratio between

H University of Applied Sciences
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longitudinal and transversal forces). Depending on the prevailing strength of the
wind in the sea area, as well g speed of the vessel, this operation mode implies
the installation of a high performance wind propulsion system, since the vessel will
operate most of the time in a condition with relatively small apparent wind angles, as
a resultof relatively high irtial vessel speed.

1 optimize fuel consumption through clever weath@uting and poweimanagement
systems, that optimize engine thrust in combination with wind assistance in relation
to arrival times or any other optimization aim. As shown for the operatenmmeant of
constant vessel speed, this operational mode requires adaptive power from the main
engine, which again leads to the preference of a dietesttric power train.

At the other hand, there is the option to design or refit the vessel in questarighgine assisted
sailing. In this case, the wind propulsion system will be used for the generation of the main propulsion
power, using the main engine only foarboroperations, in case of emergency, in case of calms (and
time pressure), or if a cougsagainst/close to the wind becomes necessary for other reasons.

This second refitting option will surely promise a maximum in fuel and emission savings. But this also
implies higher skills from the operating crew and ideally the support of efficient eeathuting
technology in order to be able to meet schedules. Wind propulsion systems that corttee to
application need good overall performance characteristics as well as the ability to work effectively for
a large range of weather conditions. Since we ldaweed maximum propulsion power even for low
wind speeds, the installed systems must be large enough to deliver the required power, but there must
be a simple way of reefing the systems (reduce driving power) in stronger wind conditions.

3.9.4 ShipDesignAspeds

Conventional vessghre designed for a specific design speed, which implies that the shape of the hull,
the engine layoutas well as the layout of the propeller and rud@ee optimized for thiservice speed.

The process of retrofittingxisting vesslswith wind propulsion systems has to consider many aspects
that will influence the performance and safe handling of the vessel.

Balancing Aero- and Hydrodynamic Forces

Every wind propulsion system generates not only a foraelamgitudinal directionbut also a lateral

force. This cross force has to be balanced by the hydrodynamic layout of the vessel. Furthermore, the
hydrodynamic capabilities of the vessel should have similar characteristics than the wind propulsion
system, for both systems to workfeiently. An oversized hydrodynamic layout will induoe thuch
additional drag, while a too weak system will not be able to deal with the lateral forces induced by the
wind propulsion system and therefore lead to excessive drift angles and poor upeifutmpance.

The initial situation of most conventional trading vessels is that the hydrodynamic pressure point lies
near to the bow of the vessel (vessel on even keel). If we are to install a wind propulsion system, the
hydrodynamic pressure point must ogide with the aerodynamic pressure point in order to reach a
balanced condition. If this is not the case, the resulting yawing momentum must be compensated by
the rudder. This at the other hand can lead to overloading of the rudutmsr steering performace

and high rudder drag

There are several options to deal with this problem.
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9 The first option is to design the wind propulsion system in a way that its resulting
aerodynamic pressure point coincides with the natural hydrodynamic pressure point
of the hul near to the bow.

9 Another solution is to move the position of the hydrodynamic pressure point aft, by
changing the swimming positiaf the vessethrough aft trim. Either through
additional fixed ballast or through the use of existing water ballast tanks

9 If the vessels capabilities for dealing with large lateral foezegenerally too weak,
additional keels or dagger blades can come to application in order to improve this
quality. Those can be positioned in a way that yawing momentums resulting frem th
wind propulsion system, areompensated.

The hydrodynamic calculations used in the performance calculations for MV Kwajalein are based on
Wlender body theor2 Main parameters that influence the hydrodynamic quality of the hull towards

its ability to canpensate lage laeral forces resulting from the wind propulsion system, is the effective
draft of the hul| the lateralarea and the longitudinal position of the hydrodynamic center of effort
(CEun).

Figure 38: MV Kwajalein Sgtional view, submerged part of the hull

Thehydrodynamic center of effolfCEu) moves further aft, if aft trim becomes larger (changing cargo
conditions or additional ballast), it will move forwards if aft trim becomes less. The large deckhouse at
the aft of MISGvessetis responsible for a relatively large initial aft trim in light ship condition.

Because of the nearly flat bottom, heeling will additionally increase the effective draft antidhiusy
a positive influence on the hydrodynamic capaied of the vessel.

IncreaseRudder Efficiency

An important characteristic that needs to be considered is the efficiency of the rudder. The design of
the rudder is based on the design speed oftkssel taking into account the jet effect of the propelle

The propeller thrust increases the efficiency of the rudder by increasing flow velocity around the
rudder profile. If the propeller thrust is now reduced by WA&Ehnologies, the rudder efficiency is
also reduced. To compensate for these lossédsle sailing with WASEechnologiesthe rudder layout
shouldbe adapted to the new requirements.
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Figure 39: Increased rudder area

The following means are available to increase rudder efficiency:

1 Closing the gap between hull and ruatd
1 Increasing the rudder area by at least 30 %
9 Using more efficiet profiles for rudder sections

If this aspect is neglected, this can lead to the fact that even with good wind conditions, the main
engine must run along to ensugmod helm responsef the vessel even if the required propulsion
power is completely provided by theind propulsionsystem.

Further Aspects to b Considered
Further important ship desigrand operational aspects to be considered in the layout of the wind
propulsion system, arksted in the following:

Required space on deck

Influence /obstruction of view from the bridge

Compatibility with cargo loading equipment

Need for additional electrical power (automated systems)
Need for additional men power (traditional/manual systems)

=A =4 =4 -4 4 4

Motivation of crew to usehe available options despite higher work load

35 Shipyard drawings of MV Kwajalein
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3.9.5 SailSystem DesignAspects
There are different options for wind assisted ship propulsion (WASP). They can be subdivided into
three main categories.

1. Conventional/traditional sails thare operated manually
2. Highperformance soft sail solutions in combination with automation technologies
3. Highperformance and fully automated rotors or dail technologies

In the field of highperformance technologies, two systems were selected for apde analysis.
Flettner Rotors and the IndoSail system. There are numerous alternative technologies in development
for commercial shipping or already in use for yachting and-gfged sailing. However, most of these
systems are based on disproportionat&ypensive materials and technologies. Therefore, the vast
majority of these systems are not a real alternative in this project.

3.9.5.1 Traditional Sails

Many different rigs and sails have been developed over the centuries, mainly depending on the type
of ship aml the trading sea area and its environmental conditidhg. for coastal and island navigation

on shorter voyages the schooner rig has been a common solution for better maneuverability and
upwind performance in comparison to square rigs which have beand as a suitable solution in long
distance trades using large wind pattern for mainly downwind sailing. The Bermuda/Sloop rig has
similar characteristics and is mainly used in yachting.

Figure4Q: Sail cargo ship Kwwiith a ketch type traditional rig, tripod mast, (lef§ Sail cargo ship Avontuur, schoongpe
traditional rig (right)®”

The strength of traditional systems is based on the continuously developed and proven detail solutions
of these manually operated systemBoday, the decisive difference to the modern higbh variants

that can be automated lies above all in the underlying philosophy of the system. While modern systems
focus on safety, automation and maximized efficiency, the decision for a traditionahsysthased

more on aspects such as: Team spirit, social interaction, training and employment.

36 www.marinetraffic.com
37www.timbercoast.com
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Retrofit towards traditional WP-System

The SV Kwai is the perfect example for a succdssfutudgetvessel retrofit towards wind propulsion
technologies. Ogjinally built as a typical engine driven fishing vessel, the SV Kwai had been retrofitted
in several consecutive steps towards a full wind powered vessel.

3.9.5.2 HighPerformance Soft Sail Solutions

There have been some clever developments to enhancedymamic performance, safety and
handling of conventional gaff sails.g.,the socalled IndoSail has been developed and successfully
tested on a sail cargo ship in Indonesian wateth@1990s. The system can be operatadnually as

well as fully autonated. It, therefore, represents a hybrid solution between the traditional and the
modern, highperformance solutionsAfter the development of the systenthere have been several
applications of the IndoSail system aboard differeassels which ledbtfurther improvement of the
techniques.

GREENPEACE

7

Figure4l: Rainbow Warriaf{left)38 and Indonesian sail cargo shilaruta Jay&Xright)3° with Indouil rig

TechnicalAspects: IndoSa#System

ThelndoSaikystem has been designed fmeximized efftiency in terms of costs psguare meter of
sailarea Based on economic efficiency tlsigstemseems to be very well seid for the intended task
of emission reduction for RMwith good upscale potentidior application on similar vessels
neighboring countries

38 http://ernestoippolito.blogspot.com/2011/09/
39 https://www.mainewindjammercruises.com/connect/newsletter/Janue2905--Special/CaptRayBuildsMomentunm-
for-Aid-ShipProject/
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Schematic operationystem:

T

Page56

Stationary frame, controlled vit
two sheets at boom and gaff
Both sheets are controlled by
one winch (see illustration).
Rodroller Sail is positioned
within this frame

Continuously variable reefing
of the sails is possible.

The hgh aspect ratio for reefec
sail leads to good performance
in strong winds.

Control of leech tension
independently from sail angle.
Construction of rig and salil is
based on simple techniques.

Figure45: Sail area 30%
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Figure42: Schematic operation of the IndoSail system

Figure 46: Reefed Sail
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Different technical option$or the handlingof the
running rigging (sheetreefing linesetc.):

1 Low tech variant like on traditionakssels.
Pulling sheetsind reefing lines etdy
hand power

1 Yachtingtechnique winches either mara
or supported by a electric engine.

1 Fixed winch drum allow automated
operation of sheets and reefing system, a
well as manuabperation.

The gstem can be extended towards a ful

automated, systenDifferent automaton grades for
the operation of the Systerfwinch drum)

1 Manualy operation atthe base ofthe mast

1 Locally operation othe electrical winch at
the mastbase

1 Remote operation of the saifsom the
ship's bridge

1 Semiautomatic Computer displys
optimal sail angldased ormeasured
weatherinformation.

{1 Fuly automaticoperation sail angleand Figure47: Winch types forindoSail
coursecontrolled byacompuer based on
measured and predicted wind thaas well
as weather routingptimization

Safety in surprising gustswfnd can be achieved by slip clutches, which automatically open the
sheets when the sail pressure is too high.
Sincethe construction of the system, compared to other higarformance wind propulsion solutions,

is quite simple, it is likely that even snealkhipyards in théacific regioncould build upthe capacity
to perform all required refitting tasks that are needed.
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3.9.5.3 HighPerformance Automated Rotor Technolod¥lettner-Rotor)

{ KALILAYIAQE RSYI yR T-acttafnmizs fropulsloHagfitihted nyorR addnded 2 y
technolodcaldevelopments in recent years. The main advantages of modern wind propulsion are high
aerodynamic performance and safe/easy handling through automatic control systems. However, there
are few systems that are market readgd proven in their performance such as Flettrators.

Figure48: Cargo ship Fehn Pollux with Flettner rotor installdfion

This type of drive uses the wind to create additional thrust for ship propulgidfiettner rotor is a
high cylinder that stands vertically on a ship and rotates on its own axis. It is driven by an electric motor.
The optimum rotational speed depends on the wind speed and diredilaa regularsail.

T Magnus Force

Incident wind

Figure49: Working pmciple of Flettner Rotor and Magnus efféct

Thistechnology uses the Magsuefect to accelerate and redirect the airflowvhich producesan
additional thrustforce (Magnus Force)

The interaction betweethe rotor surface and wind flow creates a lift ferso that the ship receives
additional thrust. The rotors were already developed in the 1920s but didgmoteed commercially

at that time due to the low oil price. However, greater environmental awareness and rising fuel prices
have made this type ofind engine interesting again in recent years.

4OMariko GmbH
41 https://en.wikipedia.org/wiki/Magnus_effect
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3.9.6 Stability Requirementsand Safety Apects

Each conversion variant will affect the stability characteristics of the ship. The compliance with all
relevant stability criteria already belongs to the work of the periing engineer in the design phase

of the conversion option.

The stability properties of the ship can be corrected to the desired level by appropriate design
measures, such as additional ballast in the bilge, modified design of the sail rig, for ekgroipb®sing
different construction techniquesin this way the ship will meet all legal requirements after a
conversion.

In addition to complying with legal requirements, stability can also be taken into account when
designing the rig so as not to unnesasly stress the comfort of the passengers, for example, by
excessively inclining the ship when sailing.

When using cloth sails, safety slipping clutches can be used which, depending on a predefined sail
pressure, release the sheets to avoid excessivditgi@ a wind gustWith rotor technologies, this can
be done, for example, by automated rotor conteattings

On the other hand, WASP technalegjoffer an additional safety benefit, especially in heavy weather
situations, as the sail systems have damipng properties which prevent the ship from raibtionsin
heavy seas. Safetgs well as crew and passenger comfait, be increased.

Sincewellimplemented WASP technologies can be operated even without the main engine, additional
safetythroughredundar propulsioncomes along with the use of this technologytHa case ofamain
engine breakdown, the vessel will still be controllable.

3.9.7 Predicting Savingotential from WASP

The savings that can be achievedthg use of wind propulsion systems ar@ettly linked to the
savings in fuel consumption. These savings, accumulated for a certain amortization timespan (for
example 10 years), give us andicationof how much money we can spend for the retrofitting of the
vessel and the maintenance work dugithis period of time. For commercial vesséfss is the most
important financial parametethat has to be considered when thinking about retrofitting options.

For commercial vessels, we have to find the most efficient system in terms of propulsion force
compared to maintenance and investment costs.

3.9.7.1  Estimating theSaving Potentiafor Wind Assisted Shipping

For the relatively simple case of engine thrust reduction by supporting wind propulsion at constant
ship speed, it is possible to determine the poweduction due to the sail system using a "power
equivalent value per square meter sail area".

For the calculation of this value, the characteristic properties of the sail systenci{aracteristic
values of the sdi) polar diagram$, the average windonditions as well as the cruising speed of the
ship and the efficiency of the drive train are required.
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The following table gives the calculated values for different wind propulsion systems. The average wind
speed for this example is 15kn. Ship speadesfrom 7kn to 10kn.

Table4: WASP options: powenuivalent valuger projectedsail area

Speed Traditional Gaff IndoSait3R Flettner-Rotor HEL
[kn] [kW/mZ] [kW/mZ] [kW/mZ]
7 0,2 0,28 1,92
8 0,22 0,31 2,10
9 0,24 0,35 2,29
10 0,26 0,38 2,48

From this listit can be seen that these values differ significantly depending on the propulsion system
in question. Another tendency is the increasing efficiency for higher ship speeds. This is related to the
increased apparent wihspeedwhen the ship is moving

The high values for the Flettner rotor result from the small projected area of the rotor compared to a
conventional rig. For more details on the actual power saving potential of the different technologies
refer to chapter3.9.8on different retrofit variants.

For an initial estimation of the average savings potential of a particular sail system, this value can be
multiplied by the sail area of the sail design.

3.9.7.2  Calculation of Detailed Saving Poteatifor WASP Technologies

Velocity prediction programs can be used for more detailed calculations. Based on detailed
information about the ship geometry and the characteristics of the sail systems known from wind
tunnel tests, it is possible to predict agively accurately the performance potential of the sail system
in combination with the ship to be retrofitted. Particularly details about the sailirbavior on
different courses to the wind as well as at varying wind force and different sea stateioosdiecome
apparent with a calculation according to these methods.

Based on this detailed information, further savings potentials can be estimated by travel optimization
and weather routing techniques. The potential performance of a wind propulsiomsysteell above

the average for courses with particularfpvorable weather conditions Details on tle course
dependent savings are further explained in chag@éron weather routing.

For all proposed refit optins (chapter3.9.8 the velocity prediction calculations were performed for
two different operational modes.

Wind assistance:

The vessel is assumed to travel with constant spdée engine is suppordebythe wind propulsion
system. In this scenarjove can calculate the relative saving potential with respect to vessel speed,
wind force direction and corresponding sea state. The savings are presentadrastion from the

total required power that the vessel Witeed, to follow a course towards a specific angle towards the
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Page 60 Al
HOCHSCHULE

EMDEN-LEER



Detailed Operational and Technical Options for Intatoll Transport TLCSeaTTechnical and operational options catalog

true wind. As has been shown in chap®&b on weather routing, the total required engine power
varies depending on the course towards wind and waaxes if no wind propulsion system is utilized.

Sailing without engine support:

The vesseils purely driven by the wind propulsion systeifhe mainengineis switched off Needed
electrical power is supplied by auxiliary energy systdbepending orthe size and efficiency of the

wind propulsion system, as well as wind speed and direction, the resulting curves display the
performance capabilities of the analyzed vessel.

The results of the calculations are presentedthe form of figures and diagramfr the retrofit
proposals for MV Kwajaleifhe theoretical background for the calculation model is based on the
works from B. Wagnét+344, P. Schenzte B. Blendermarffi, P. BlumeU. Keil’, and M.Khiatanf®,

3.9.8 WASRRefit Proposals
For a first approach there ka been two retrofitting options defined:

1 Minimum Retrofit. This option will leave the proposed ships (Aemman, Kwajalein or
Newbuild) in their general layout withounajor changes in the cargo gear. The sail
device will be used to depower the main engine.

1 Maximum Retrofit This option is aiming at high ambitious fuel savings through wind
propulsion. The ship can be operated mainly under saidglequatewind conditions.
Additional measures have to be taken care of:

1 Adapt cargo loading equipment tbe wind propulsion system
1 Adapt steering capacity talarge wind propulsion system
1 Adapt energy supply to the requirements of the installed system

42\Wagner, Windkifte an Uberwasserschiffen, 1967
43\Wagner, Schriftenreihe Schiffbau: Praktische Durchfiihrung der Berechnung der Fahrtgdighwiti vonSegelschiffen,
1962
44Wagner, Fahrtgeschwindigkeistechnung fur Segelschiffe, 1967
45 Schenzle, Technik und Stromungsmechanik von SegelscRitfeh
46 BlendermannSchiffsform und Windlast Korrelationsnd Regressionsanalyse von Windkanalmessungen adelMo
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Three different wind propulsion technologies are proposed:

1 FlettnerRotors, as a futuralirected technology. Theystem is operated
automatically and can be controlled from the bridgeg.,for emergency stop
function.

1 The IndoSail concept, as a hybrid solution between traditional andtbigh The
system is capable to be operated manually as well as fully autamftee required
equipment comes to application.

1 Conventional/traditional textile sails as an option on a lower technical level needing
a higher effort in manual handling by the crew. Sloop rigs or gaff sails are possible
options, both having similar penfmance characteristics.

A thorough discussion and evaluation could lead to a decisio¥hefrhoice. However, retrofitting
two options on two ships could reveal valuable data, knowledgel competence for comparing
different WASP.

The average savingsat are presented in the tables below assume an average wind speed of 15 knots
and courses sailed equally frequent in all directions towards the wind. The achieved savings are
furthermore dependent on vessel speed. If the vessel is moving slower, thegea proportion of the
required power can be achieved by the wind propulsion system.

More detailed information on the potential savings that can be achidsetisplayed in the velocity
prediction figures attached to each refit proposal.

University of Applied Sciences
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3.9.8.1 Retrofit Option 1:

Flettner-Rotor-One (Mnimal Gonfiguration)
A relatively easy retrofit option is the installation of one medium sized FlefRudoitat the forecastle
of the vessel.

Flettner-Min

Type: FlettnerRotor
Number of Rotors 1
Height 12m
Diameter 2m
Diameterendplate 4m
Projected Area (R): 24 m2
Surface Area (SA 75,4 m2
AR (rel. to R): 6:1
Total Rotor Area (®: 24 m2
CEai Xx=39,0m Figure50: Retrofit optionFlettnerMinQ

The minimum refit with one Fmer-Rotor at thebow of the vessetequires only minor changes to
the existing vessel layout.

1 Reinforcement of rotor foundation

1 Alternative positions for all installed equipment on removed forward mast or moving
the complete mast

9 Installation of Rotor catrol unit on the bridge

9 Adaptanauxiliary power supply system for FlettARotor power demand

Following table and figures give an overview on the saving potential for minimum refit variant with
one FlettnerRotor of 12m height

Tableb: Power savings fax refit of one Flettnerotor (Flettner Min)

Ship Speed Average Power reduction Fuel / Emissiorsavings penm
[kn] [KW] [%]
7,00 ~50kW ~27%
9,50 ~62KkW ~16%

H University of Applied Sciences
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Figureb1:power saving potatial for a constant speed of 7kn (left) and 9.5 kn (right) at different weather conditions

200 kw

150 kW

required total Power ( Speed = 7kn, Bf = 4 )
100 kW required engine Power

power reduction from Wind Propulsion System

( average savings within coloured Sector = 36.36 % '
50 kw

required power due to waves ( Bf = 4)
required power due to fouling ( factor = 10% )

0°  30° 60° 90° 120° 150°  180° (true wind angle)

excess power = 0 %

Figure52: Power saving potential for optidflettnerMinQ{Speed: 7 kn, Wind:Bft)
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3.9.8.2 Retrofit Option 2:
Flettner-Rotor-Two (Maximum Configuration)

Flettner-Max

Type: FlettnerRotor
Number of Rotors: 2
Height: 12m
Diameter: 2m
DiameterEndplate: 4m
Projected Area (&: 24 m2
AR (rel. to B: 6:1
Total Rotor Area (. 48 m?
Total Surface Area S 150,8mz2
CEaii X=3215m Figureb53: Retrofit optionFlettnerMaxQ

Required changes in vessel layout for the maximum refit variant with two FleRotors at the bow
and at the position of the cargo loading equipment.

1 Reinforcement of Rotor foudation at bow position

1 Alternative positions for all installed equipment on removed forward mast or moving
the complete mast

Reinforcement of Rotor foundation at midship position

An dternative solution for cargo loading equipment

Installation of Rotor camol unit on the bridge

Adaptthe auxiliary power supply system for FlettARotors

Enlargement of existing rudder to improve steering capabilities

Additional rudders, or side keel systems, if improved upwind performance is
anticipated

=A =4 =4 4 =4 4

Following table andigures give an overviewfdhe saving potential for maximum refit variant with
two FlettnerRotors of 12m height.

Table6: Average power savings for refiith two Flettnerrotors (FlettnefMax)

Ship Speed Average Power redu®n Fuel / Emission savings pem
[kn] [kW] [%]
~105kw
-~ 0
7,00 [ Excess power: 18 kW 45%
9,50 ~ 130, kW ~31%

H University of Applied Sciences
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Figure54: Power aving potential for constant speed of 7 kn (left) and 9.5 kn (right) in different weathelitions.
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required total Power ( Speed = 7kn, Bf = 4 )
100 kW

required engine Power
power reduction from Wind Propulsion System

( average savings within coloured Sector = 61.56 %
50 kW

required power due to waves ( Bf =4 )

required power due to fouling ( factor = 10% )

0° 30° 150°  180° (true wind angle)

excess power = 13 %

Figure55: Power saving potential for optidFlettnerMaxSpeed: 7kn, Wind: 4bn)
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3.9.8.3  Retrofit Option 3:
IndoSait2-Mast Minimal Configuration)

IndoSaitMin

Type IndoSai2R Rig
Sail area:

Jik 85,7m2
Main; 147,4m?2
Mizzen 66,8m2
Total: 300m?2
CEaii X =31,2m

Figure56: Retrofit option IndoSail-thasts (IndoSail Min)

The minimal conversion with a small IndoSail system requires minor changes to the existing ship layout.
In additon, the existing carggear must be rearranged for dual purpose, cahgmdling and wind
propulsion.

M Reinforcement of forward mast foundation

9 Alternative positions for all installed equipment on the removed forwagdipment
mast

Enlargement of cargo masfor use as aft wind propulsion mast

Installation of IndoSail automatic furling and sheeting winches/system

=A =4 =

Installation of IndoSail control unit
1 Power supply system for sail winches and reefing system

Following table and figures give an overview of taeiisg potential:

Table7: Power savings fa refit of IndoSail 2Znasts (IndoSaMin)

Ship Speed Average Power reduction Fuel / Emission savingser nm
[kn] [kW] [%]
~78 kW
~ [
7,00 [ Excess power: 4.5 kW 38%
9,50 ~ B kW ~24%
H University of Applied Sciences
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Figure57: Powersaving potential for constant speed of 7 kn (left) and 9.5 kn (right) in different weather conditions.
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required total Power ( Speed = 7kn, Bf = 4 )
required engine Power

100 kW

power reduction from Wind Propulsion System

( average savings within coloured Sector = 52.03 % )
50 kW

required power due to waves ( Bf = 4)

required power due to fouling ( factor = 10% )

0° 30° 120° 150°  180° (true wind angle)

excess power = 3 %

Figure58: Power saving potential for optidkhdoSalMinQSpeed: 7kniVind: 4bn)
University of Applied Sciences
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3.9.8.4  Retrofit Option 4:
IndoSait3-Mast (Maximum Gonfiguration)

IndoSaitMax

Type IndoSaH3R Rig
Sail area:

Jik 109,2 m2
Main 01 193,8 m?
Main 02 193,8 m?
Mizzen 62,8 m?
Total: 559,5 m?
CEait X =28,8 m

Figureb9: Retrofit option IndoSail-Basts (IndoSaiiax)

Required changes in vessel layout for the maximum refit variantlange IndoSail system. In addition,
the existing carggear must be rearranged for dual purpose, cangadling and wind propuion.

M Reinforcement of forward mast foundation

9 Alternative positions for all installed equipment on the removed forwagdipment
mast

Enlargement of cargo masts for use as aft wind propulsion mast

Installation of IndoSail automatic furling and sheetinigahes/system

Installation of IndoSail control unit

Power supply system for sail winches and reefing system

Enlargement of existing rudder to improve steering capabilities

=A =4 =4 4 =4 4

Additional rudders, or side keel systems, if improved upwind performance is
anticipaed

Following table and figures give an overview of the saving potential:

Table8: Power savings for refit of IndoSailriast (IndoSaiMax)

Ship Speed Average Power reduction Fuel / Emission savingser nm
[kn] (kW] [%]
~97 kW
~ 0,
7,00 [ Excess powefi7 kW] p9s
~195kW
—~ 0,
9,50 [ Excess power:11kW | 77
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Figure60: Power aving potential for constant speed of 7 kn (left) and 9.5 kn (right) in different weather conditions.
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required total Power ( Speed = 7kn, Bf = 4 )
100 kw

required engine Power
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( average savings within coloured Sector = 67.16 % '
50 kw

required power due to waves ( Bf = 4)
required power due to fouling ( factor = 10% )
0° 50°  180° (true wind angle)
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Figure61: Power saving potential for optidthdoSaidMaxC{Speed: 7kn, Wind: 4bn)
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3.9.8.5 Retrofit Option 5:

Small Conventional i§ (Minimal Gonfiguration)

ConventionaiMin

Type sloop rig
Sail area

Jib 99 m2
Main: 87 m2
Tatal: 186 n?
CEsanZ X=37m

Figure62: Retrofit option Bermuda Min

The ConventionaMin variant requires only minimal changes to the ship layout. For a conversion only
the equipment mast of the foredeck has to be replaced by the mast fos#ilesystem. The simple
system is based on proven yacht technology but offers only limited savings potential. Nevertheless,
the system can be a good introduction to wind propulsion technology.

Following tablegivesan overview of the saving potential:

Tabk 9: Power savings for refit of Bermuda Min

Ship Speed Average Power reduction Fuel / Emission savings pem
[kn] [kw] [%]
7,00 ~ 36 kW ~20%
9,50 ~ 46 kW ~11%
H University of Applied Sciences
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3.9.8.6  Retrofit Option &
Large TraditionaRg (Maximal Configuration)

ConventionatMax
Type: traditional gaff
Sail area
Jib1: 72m?2
Jib2: 63m?2
Jib3: 35mz2
Main 1: 115mz2
Topsail 1: 45 m?
Main 2: 115m?2
Topsail 2: 45 m?
Total: 550m?2
CEail: E fm
Figure63: Retrofit optionTraditionatMax

The ConventionaWlax variant is based on the traditional gaéfisselof the last century. The effort for
retrofitting is relatively high, but many detailed solutions do without complex technology, which
should enable good maintenance Iliycal employees. The need for manual operation of the sail
systems can be seen as an opportunity for training and employment.

Following tablegivesan overview of the saving potential:

Tablel0: Power savings for refif Traditional-Max

Ship Speed Average Power reduction Fuel / Emission savings pem
[kn] [kW] [%]
~95kwW
~ 0,
7,00 [excesgpower: 13 kW] 49%
9,50 ~136kW ~33%
% University of Applied Sciences
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3.9.9 SavingPotential in Combination with Weather Routing and Slow Steaming

For the example of retrofig LG A 2y -& Xy S (i KS NLR (ehiéd ththefcoussd ddiked/ 3 &
towards the true wind, is displayed figure64 and Figure65 for vessel speeds of 7 and 9.5 kndthe

figures show the percentage of required powestlfat can be saved bwind propulsion, depenidg

onwind forceand direction.

120 % 0° 120% 0°
15 15°
e —— 30° — 30°
100 % o 100 % P
B '\\ .\‘\
'\\ 450 '\\ 45°
80 % N 80 % N
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. /
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150°
150°
165
180° 165°
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Figure64: Percentage of wind power from total required Figure65: percentage of wind power from total requiret
power for vessel speed of 7 knots power for vessel speed of 9.5 knots

Asthe main trading routes along the island chains are perpendicular to the main wind direction, the
most common operating profile can be asseowith true wind angles from 60° to 120°.

The following two figures display the percentage of engine power savings that Gohlevedf the
vessel is operating in a sector of favorable wind conditions (crosswinds).

University of Applied Sciences
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A
50 kW g
N,
\\ N
\\\\—/ T required power due to waves ( Bf = 4)
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Figure66: Savings from one installed Flettner Ratobeam winds

Savings from a Flettner rotor can reaghigh value of 68%ssuning that the mainlegs of theroutes
lie perpendicular tahe mostprobablewind direction (compared to 36% savings for equalltrithisted
courses for all wind directions). For further information refer to cha@térl

150 kw - N

N __—— required total Power ( Speed = 7kn, Bf = 4 )
100 kW . T

50 kW

_— required power due to waves ( Bf = 4)
required power due to fouling ( factor = 10% )

0° 30° 60 90°  120°  150°  180° (true wind angle)

y

Figure67: PowerSavingPotentialfrom FlettnerMax in beam winds

excess power = 38 %
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For the maximum refit with tw installed FlettneiRotors (or other large wind propulsion systentsg
vessels casailin beamwind conditionsusingwind propulsiononly.

The calculated power even exceeds the required power feemicespeed of 7 knotsThe zere
emissionstatuscanbe achievedf enough excess energy is converted into electrical pdog@rovide
for auxiliary systems.

In case of the Flettner Rotors, additional driving power for the operation of the rotors is needed
(estimated byl5-20% of the rotor power, suppliedy auxiliary engines). If the system is configured
like above, this excess power can be used for the operation of the rotors.

3.9.10Compensation for SlowtBaming through Wind Propulsion antlVeather
Routing

Figure68 and Figure 69 below presentthe calculated vessel speed if the shias sailing without
support from the main enginegelatingto wind force and direction.
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\\ B yd
: L Bn 4 e Boe TN B4 120°
e il
Bn 5 BnS
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135°
150°
1507
165°
165° 1800
180°
Figure68: VPR; FlettnerMax variant Figure69: VPR; 3-mastIndoSail variant

Displayed are the coesponding vessel speeds from Beaufort 1 to®XBo Bn 5). Best performance
is reached for a course towards true wind of 90° to 100°. The performance calculatiicete that
for prevailing wind force and directiorfeeam wind) vesselspeeds oB to 10 knots can be achieved
by using the wind propulsion system without engine support.
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The following two figures display achieved engine power savings if the vesseloperating at a
relatively high speed of 9.5 knots but within the sector of favorable wind conditions.

450 kW
400 kW

350 kW |
1 required total Power ( Speed = 9.5kn, Bf = 4 )
I

o R, required engine Powe

300 kw
250 kw
200 kw
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100 kW

50 kW - |
~_ | required power due to waves ( Bf = 4)
e - | required power due to fouling ( factor = 10% )

0° 30° 60° 90° 120° 150°  180° (true wind angle)

Figure70: Power aving potential of FlettneMax configuration assuming beam winds
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Figure71: Power aving potential olndoSadMax configuration assuming beam winds
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3.9.11FurtherIimprovement of Upwind Performance
To further increasehe performance of the hull, the use of additional keels, side blades/boards or
additional rudders can be considered.

1 The effective area of the existing
rudder can be increased (minimizing
the gap between rudder and hull)

1 To improve steering and maneuverin
capabilities, in conditions with low
engne thrust (low rudder efficiency
due to lack of accelerated flow
throughthe propeller), additional
rudder(s) at the transom of the vesse
can be installed.

Figure72: Improvements tdwydrodynamic efficienc ' The use of side keels/swords will
improve upwind performance by

around 10 % (Heading angles of 50
55° towards the true wind direction
can be achieved

It is possible to convert MISC vessels to full and reasonably good performingoevirided sailing
vessels. Nevertheless, the gain in upwind performance comes at relatively high costs. Itbeas to
analyzed, which of the above mentioned additional measures for increased vessel performance are
economically reasonable. If vessels are operating mainly in crosswind conditions, it will be much easier
to simply use the main engine, to make good for popwind performance.

b University of Applied Sciences
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3.10Auxiliary Energy System

Safe and comfortable ship operation requires numerous electrical powered aggregates. On mast ships
electric power is generated from fuel by a combined set of an auxiliary diesel engine and a generator.

In the following, the ship MV Kwajalein is used to present various options to reduce the fuel
consumption of the auxiliary energy system. Similar measures and results are achievable on the other
MISC ships, which have comparable systamslled.

. 1 1 1

(\ Current operation area

500

X
400

N
Optimal
operation area
300 A

SFOC (g/kWh)

200

100

0% 20% 40% 60% 80% 100%
Loadin %

Figure 73. SFOC of desetgeneratorset MV Kwajaleirf®

In general, the most efficient operation area of Diesel generators i€Bpve 60% of their maximum

continuous power ratingload conditions below thatisuallyhave significady higherspecific fuel oil

consumption (SFOC). Load conditions below 30% should be avoided completely due to high wear and
highSFOCFigure73a K2ga GKS {Ch/ 3N} LK Ay 3ANIFYa LISNI 12K ¢
actual load dependsrothe energy demand on the ship and in particular on the operating state of the

vessel (navigation, cargahdling, port (idle), etg.

Tablell: Loadvs.operating states

Unit | Navigation |Cargo handling |Port/Idle | Remarks

avg. load kw |18 27 17
Fieldtrip October 2018

avg. utilization (% |22% 34% 21%

Tablell shows the observed average load of the DG in different operation states during a field trip in
2018 Due to various circumstancete DGs hardly operatbeyond 40% of maximum loathe main
reason lies in the generators being oversized for the currentase in the RMI. The ship was originally

49 Test record of auxiliary engine MV Kwajalein
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designed to perform more cargo handliagd therefore needed ample power. In the current wsese,
these situgions are rare, and the remainder of the time there is a loss in efficiency.

The lowlevel limit of 30% is exceedathly for cargo

handling Duringnavigation and idle state, the DGs are
running in very unfavorable low conditions up to 21%
load leading tchigh SFOC and high wear out.

The following calculations for fuel consumption are

based on the operating times from the baseline study & hca:jﬁl_o
andlin

Oxley®. Figure74 shows the operating states in 2017. |

indicatesthe share of the diffe@nt operating states. 13%
Based ontimes and average loads, the fuel oll Idle
consumption can be estimatedt must be noted that Idle Atoll
during layups in the Majuro Lagoon the DGs are turned Majuro 12%

off to decrease operating costs. These-lgy times 14%

make up to 39% of the totairhe. Since the ship's share
of navigation time where the main engine is running
not very high during the year, the percentage of fuel

consumption used for the auxiliaries is higdver 25% of the total fuel consumption is used to run the
auxiliary systm. Due to the low effectiveness of the existing system, measures in the auxiliary engine
domain offer high savings potential as presented below.

Figure 74: Pie chart of different operating sharé%

3.10.1Installation of anAdditional DieselGenerator

The most obvious measure to improve the efficiency of the munyisystem is the installation of DGs
that are better suited to the ship's operational profile. The compact integration of the existing DGs in
the engine room makes modifications elaborate and expensive. However, a third additional diesel
generator can béntegrated, which could bespecially designed for the low load conditions and thus
work in its optimum operating rage. o TEmm L emmsc e e

For the operation with a smaller D®urther -
interventions in the electrical system are likely }

to the lower capacity of the DGs has to e e
AR AATATA R\ R A

addressed. Spinning reserve is required in orc = oSN e 1—E

H)

to provide high starting currents for electric o

motors. However, technical upgrades for the Ty | M
. . after removal of

electrical system such as star/dettannections cold storage

or soft starte control will achieve a reduction of
surge currents. The existing DGs can be used as
a backup or for large loads required during
excessive cargo handlingg.,unloadingcopra Y

approx. 10 mA2

Th . likelv d . Figure 75: Possible space for installation of a hybrid auxilic
e engine room most likely does not provic system. Excerpt from general arrangement plan

enough space for the installatio of an

50 PRIF Report Mark Oxleyable 17 page 34Results for MISC Ships Operation, FY2017
%
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additional aggregate. A potential installation site for the system could be the cold storage room in the
deckhousebetween the hatcheswhich is currently not in use. The removal of the cold storage and
the refrigerant machine would offer approxitedy 10 nt (107.7 f£), (see figure 3). On the ship MV
Aemman a similar installation was undertaken. After the failure of one DG a replacement had to be
installed, in thedeckhouse. This measure could be implemented smoothly without major conversion
measues and pays for itself within few years.

3.10.2Diesel Generators wh Variable Engine Speed

Conventional diesel generators are operating with

constant engine speed.g., 1800 RPM for a 60H; Fuel consumption graph Erchie KEd-%
frequency of the elecical grid. The disadvantage c [
constant enginespeed is, that an efficient working rang

is limited to the range around rated power. With th Reduced SFOC

developments in power electronics and frequenc )
converter technologies, variable speed operation of tl
Diesel engine is possible today. This offers the adgmnt
that the engine can adjust the speed depending on t
electrical load and thus work in better operating point
This offers significant saving potential compared to tl
DG with constant speed.

90
.80
E [ 70
[ 6o

- 50

The engine manufacturer Wartsitéstates that savings
up to 5-10% are possible. Due to a high share of low Ic [
conditions in the MISC fleet, savings are estimated to %0 " sto " oo . 760 ' o = o0 * 1600
significanty higher. Because of the high fuel price in RMI

it is definitely advisable to take a closer look at these C Figure 76: Comparison of SFOC between const
despite their higher @mplexity and price.Figure 76 and adjustable speed power generation
shows acomparisorof a fixed and variable speed Diese

engine.

Existing system Hybrid system

Main
Panel

206 |— | ~
DC
— [——1 wind Turbine

Panel

Panel

—1 Battery Bank

| Load |

Figure 77: Schematic of an example hybrid auxiliary system

51 https://gcaptain.com/parharineengineeringechnology/

Page 80 @

University of Applied Sciences

HOCHSCHULE
EMDEN-LEER



Detailed Operational and Technical Options for Intatoll Transpat TLCSeaITechnical and operational options catalog

3.10.3Hybrid Electricity Generation

Thecombination of different energy sources is called hybrid electricity generafemous options are
possible e.g.,combinations of Diesel generator and battery storages or additional renewable sources.
Due to the high cost and maintenance of batteryteyss, the size should be as small as possible.
Renewable sources such as Wind and Solar are highly available in RMI. However, the possibilities on a
ship are limited, e.ghy installation space as well as the unreliable availability. In combination with
diesel generators as a hybrid souyoenewablesare an excellent option to reduce load from the diesel
engine. This combination makes only sense if the DGs are running in reasonable operation ranges.
Therefore, a smaller diesel generator must be instatiefbre renewables are considered.

3.10.4 Battery Bank

The high volatility and nepermanent availability of renewable energies require the use of batteries
as intermediate storage. These buffers absorb the fluctuations that occur, for example, in PV with
shortterm cloud cover se€igure78°2 In RMI, a clear day is ratdg yield is subject to permanent
fluctuations.

The storage system is also suitable for temporarily storing excess regenerative energy and then
retrievingit later. This occurs, for example, during-lgy, when the energy requirement is very low

and the wind turbine supplies the power. A battery system should be designed with a sense of
proportion due to high costs and the limited number of charging cy@eseference point for the
dimensioning can be the yield of a possible wind turbine or PV plant during a day in which the ship is
in lay-up condition.

T T 1
Partly cloudy

1000

800

600

400

200

Incoming shortwave radiation (W m™)

6 9 12 15 18 21
Local time (hours)

Figure 78: Daily cycle of incoming shortwave radiation on cloudy, partly cloudy, and clear days

3.10.5Wind Turbines
As stated irchapter3.9 (wind propulsior), the atmospheric conditions are close to ideal for the use of
wind power. This potential is also usable as a source of electricity generation.

52 https://lwww.researchgate.net/figue/Daily-cycleof-incomingshortwaveradiation-on-cloudy-partly-cloudy-and-clear
days_fig4_260631629
‘ University of Applied Sciences
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3.10.5.1 Requirements fo the Turbines

Due to he highly corrosive environment, only marine grade turbines are considerable. These can be
turbines from the yacht sector as well as offshore classified turbines. On the market for small wind
turbines, some suppliers are specialized on turbines for extreperating conditions in remote
locations such as Antarctica or unmanned offshore platforms. These turbines seem to be suitable for
RMI.

Figure 79: 3kWWind turbineson an inmanned gas Figure 80: 1.25kWwind turbine**
platforn?3

3.10.5.2 Installation Stes

The positions for wind turbines depend on other retrofitting measures, e.g., wind propulsion system.
Therefore, different setups are possibléable12 shows some of them. For installans that are
difficult to access, e.g., an installation on the cargo mast or in the rig tido$ail only small and
handy turbines are considered. Turbines bigger than 1kW usually are hgdigulioldable for
maintenance.

Tablel2: Maximal turbine installation for the different retrofit versions

Measure # of 1.25kW # of 3kW # of 6kW  [Total capacity in kW
No WASP 2 2 1 14,5
FlettnerMax 0 2 - 6
Flettner Min 2 2 - 8,5

3 MastIndoSail 2 2 - 8,5

2 MastIindoSail 2 2 - 8,5
ConventionalMin 2 2 - 8,5

53 SD Wind Energy Limited
54 Superwind GmbH

b University of Applied Sciences
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Figure 81: Setup no WASP 2x 1kW & 2x 3kW & 6kW Figure 82: Setup Flettner min with 2x 1kW & 2x 3kW

Figure 83: Setup IndoSail min with 2x 1kW & 2x 3kw  Figure 84: Setup IndoSaMax 2x 1kW & 2x 3kW
3.10.5.3 Electrical @itput

The electrical energy output of a wind turbine depends on the wind speed. Since the ship is mostly in
the lagoon of Majuro, the calculations are based on the winttld@ns there.

mean ——Weibull graphical method

Probability density

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
v in knots

Figure 85: Distribution ofwind speedi at Majuro Atoll Data (20142016%°

55 Data retrieved from SPOS, MeteoGroup
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