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Innovative feeder vessel design




* To conceptually design one RoCoPax and two SSS small feeder vessels.

* To provide the configurations for sustainable propulsion for both the RoCoPax and

the SSS Feeder designs at a conceptual level.

Greek case

MSES

Spanish case
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Design methodology

Concept of operation and requirements
* Trip simulations

* Energy and power

Vessel design concepts

Hazard identification and risk assessment

Operational cost

* Conclusions and recommendations
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MARIN

* Market study was done for the automated vessel

* Description of the current status of the market and opportunities for
SSS

e Business cases for two feeder vessels, one for Pireaus and one for
Valencia

* Requirement description and derived specifications for the various
vessel and navigation functions (cargo capacity, emission, speed,
route planning, manoeuvring)

e Operational scenario’s
* KPI's

MSES !



Innovative Feeder Vessel Design

Question: What is the emmision level that is
expected to design for in the year 20307

EU targets in the Green Deal
At least 40% cuts in greenhouse gas emissions
At least 32% share for renewable energy
At least 32.5% improvement in energy efficiency
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Mission and system requirements

Initial ConOps Re&su);f;?nrgnts Demand estimation
(D2.4) (D2.4) (D2.3)
ConOps for 3 designs
odel based syste !
Hull form and arrangement
L] L] . .
Typical mission profile Capacity analysis,
engineering
Calm water
resistance y Y

(MARIN DESP) Trip simulations Main particulars
Hull lines [€&—Verification

Design process | ey [ e

Weather conditions
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datasets)
. . . . . Potential flow
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energy storage
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Powering Required power for
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Criteria weights
(internal workshop)
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Power plant Weight analysis
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Cost estimates Fuel consumption, | Safety
battery capacity
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Mission and system requirements
* Initial ConOps,
* System Requirements
* Demand estimation

Hull form and arrangement
* Typical mission profile
* Trip simulations
* Calm water performance
* Main particulars, hull lines, General Arrangement
* Capacity analysis

Powering
* Criteria weights
* Selection powering candidates
* Main engine type
* Powering plant simulations

Weight analysis
Cost estimate
Safety

MSSES :
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Main particulars

Hull design

General arrangement
Battery

Power redundancy
Engine

Fuel

Actuators

General arrangement

Operation at lower speeds compared to the
selected design speed range

Omit high sea states in the design phase.

Underestimation of propulsion power
demand at prevailing sea states for the cases
of interest.

Capacity underestimation

Capacity overestimation

Crane's position hinders visibility

Superstructure's position hinders visibility

Battery room space underestimation

Underestimation of space required for

designated zones and safe passage, leading to |Failure to assess actual vessel capacity. Potential

possible overestimation of cargo space and
therefore vessel capacity

MARIN

Higher fuel consumption and lower cargo capacity
than possible for low speeds.

Poor operation in harsh weather, as expected for
the Greek case.

Failure to meet demand in actual conditions.

Failure to meet market demand.

Failure to assess actual system performance

Failure to observe objects / smaller crafts (e.g.
touristic crafts) at the vicinity of the vessel. Risk of
collision

Failure to observe objects / smaller crafts (e.g.
touristic crafts) at the vicinity of the vessel. Risk of
collision

Failure to assess actual vessel capacity. Potential
overestimation of capacity

overestimation of capacity



What is in the concept design for the Spanish case? MARDY
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1 Main particulars

2 Propulsion concept
3General arrangement
4 Weight calculation
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Spanish case

 Designation | Symbol | Magnitude | Unit _
Lpp 132 m lV___|Ps
Lwl 134.2 m | Knots N
Length overall submerged Los m 2
Breadth moulded on WL B 21 m 15
T 7.25 m 52
Draught moulded on AP Ta 7.25 m 123
DISV. 16761 m3 240
Displacement mass in seawater gbIN\Y 17197 t 410
Wetted surface area hull S 4153.25 m?2 AN 640
LCB position fwd of 1/2FP FB -2.6 % 8.00 JE-}:yi
Cb 0.834 - 1343
Midship section coefficient Cm 0.99 - 10.00 IV %}

Cp 0.838 i
Length-Breadth ratio Lpp/B 6.29 -
Breadth-Draught ratio B/T 2.90 -
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Route of the Spanish case
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Power interval [kKW]

Power requirement interval and occurrence

Number of containers on board
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Power evaluation from trip simulations

Propulsion and electricity demand

Propulsion and electricity
demand per operating mode

m Auxiliary

W Propulsion
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Energy demand hWh
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Energy demand at port operations
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RCHS Foundation on upper deck
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Spanish case, hull lines



Spanish case, initial general arrangement

Full battery design, work in progress version
17




Spanish case

Full battery design, work in progress version
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The Greek case

- Autonomous operation of ship and crane
- Reduced / zero emission operations

L— Triple joint cran
24.8m outreach -
]

L
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Trip voyage evaluation

Hindcast weather database

Route of the Greek case
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Two Greek cases

Number of containers in hold 162 TEU vessel Number of containers in hold 96 TEU vessel

On average the 162 TEU vessel is only 50% loaded

21




Greek case 1&ll, power interval
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Greek case

|1&ll, draught variation
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550 Waiting hours
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Selection process of energy and power

POWER EFFHCIENCY, AUTONOMY, 3
EMISSIONS, DIMENSIONS & WEIGHTS

* SPEC methodology

* Requirements

<+—DEFINE OBJIECTIVE

v

OPERATING PROFILE &

. . ——REQUIREMENTS & CONSTRAINTS —— SYSTEM CONFIG.
i * >
e Compliant solutions
SELECTED SOLUTION A
P S
1 1 [ ] eutor & ]
INPUT OF BALANCE OPERATIONS i
SOLUTION SHORTLIST WEIGHING FACTORS AND TECH. & INVEST ionis oo
4 ' | { i
M v . 30 2
RANKED LIST

OF SOLUTIONS

i i '

HIGHEST DENSITY RANKED LIST OF
SOLUTIONS SOLUTIONS FOR OPERATIONS > N
> BLUE = OPERATOR INPUT
RANKED LIST OF GREY = SYSTEM OUTPUT
SOLUTIONS FOR TECH. & INVEST ORANGE = DATABASE/REFERENCE

INFORMATION
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Diesel

Methane gas (LNG)

Propane
Ethanol
Ammonia
Methanol
DiMethylEther
Hydrogen
Batteries

Relative fuel cost

100

Sodium borohydride

. Methanol (DAC)
Diesel
L-NG DME Ammonia
Methanol (Flue gas)
@5  cugool
Meifignol
Meghnsinmenia
LEPG
Diesel
LG

Liquid Organic Hydrogen Carrier (LOHC)
Sodium borohydride (NaBH,,

Iron powder
Formic acid
Uranium

L-H2

Iron powder

LOHC
Formic Acid
C-H2 300 bar Battery
NG
C-H2300bar
10 100

Relative weight

There’s more even — but this is about
the envelope currently considered in
both academic studies and practical
demonstrations!
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The following criteria are considered:

MSES

Greenhouse gas emissions
Pollutants

Total system weight

Total system volume

Toxicity to aquaculture

Toxicity of vapours

Intrinsic fire safety of energy carrier
Energy carrier lifetime on board
TRL of shore infrastructure in deep sea
Cost of vessel system

Cost per trip

Maintenance and reliability

TRL of vessel systems

27




Evaluation from well to wake MARIN

POWER DISTRIBUTION

RESOURCES ENERGY CARRIERS ENERGY CONVERSION
& DRIVES
FOSSIL = e mmmmmmmmmmmmmmm e m e . pm—mmmmmmm o ~ - _T___ N
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! . | DIESEL - MGO,ULSFO, HFO, Bio- ! \ plerna’ ~omblstion I '
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| | I |
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METAL ~ Iron B | 1 . e- production | : |
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European
Sustainable m
Shipping Forum

Sustainable Alternative Power for Shipping

https://sustainablepower.application.marin.nl/
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https://sustainablepower.application.marin.nl/

Intrinsic fire TRL of shore
safety of |Energy carrier|infrastructure
GWP20 Total system | Total system | Toxicity to Toxity of energy lifetime on- | in deep sea | Cost of ship Maintenance| TRL of ship
Criteria emissions Pollutants weight volume aquaculture vapours carrier board port system Cost per trip |and reliability| systems Total
Weighing NTUA [%] 95 90 35 20 90 30 30 10 60 20 60 30 40
Weighing DNV[%] 100 100 50 50 90 90 90 10 10 10 10 10 10
Weighing MARIN [%] 100 100 20 20 0 0 0 0 0 20 80 20 0
Weighing derived from 93 93 0 0 0 0 0 0 0 63 63 0 0
D2.1[%]
Weighing [%] 97.00 95.75 26.25 22.50 45.00 30.00 30.00 5.00 17.50 28.25 53.25 15.00 12.50 478.00
MSES 29




Results,

oer power alternative

Intrinsic fire Energy carrier | TRL of shore
GWP20 Total system | Total system Toxicity to Toxity of safety of energy| lifetime on- [infrastructure in| Cost of ship Maintenance TRL of ship
Criteria emissions Pollutants weight volume aquaculture vapours carrier board deep sea port system Cost per trip and reliability systems Total
Weighing [%] 97.00 95.75 26.25 22.50 45.00 30.00 30.00 5.00 17.50 28.25 53.25 15.00 12.50 478.00

[% reference] [0-9] [% reference] | [% reference] [0-9] [0-9] [0-9] [0-9] [0-9] [% reference] | [% reference] [0-9] [0-9] Sum of factors
Solutions Lower is better | Higher is better | Lower is better | Lower is better | Lower is better | Lower is better | Higher is better | Higher is better | Higher is better | Lower is better | Lower is better | Higher is better | Higher is better || Higher is better
IAmmonia (fossil) [DF-CI-ICE] 625 4 — 4 || 116 |
ICNG [SI-ICE]
LNG [SI-ICE]

Hydrogen (fossil, 300 bar) [DF-CI-ICE]

Bio LNG (waste) [SI-ICE]

IMethanol (fossil) [SI-ICE]

Battery electric (fossil)

Diesel [CI-ICE]

Renewable LNG (flue gas) [SI-ICE]

Bio CNG (waste) [SI-ICE]

Bio diesel mix (20% FAME 30%HVO) [CI-ICE]
Renewable hydrogen (300 bar) [DF-CI-ICE]
Renewable hydrogen (liquid) [DF-CI-ICE]
Renewable methanol (DAC) [DF-CI-ICE]
Renewable methanol (flue gas) [DF-CI-ICE]
Renewable ammonia [DF-CI-ICE]

Bio methanol (glycerine) [SI-ICE]

Sodium borohydrite (NaBH4) [LT-FC]
Renewable diesel (flue gas) [CI-ICE]
Renewable DME (flue gas) [CI-ICE]
Renewable hydrogen (700 bar) [DF-CI-ICE]
LOHC [LT-FC]

Renewable methanol (DAC) [LT-FC]
Renewable methanol (DAC) [SI-ICE]
Renewable methanol (from DAC) [HT-FC]

Battery electric (renewable)

Renewable methanol (flue gas) [SI-ICE]
ble hydrogen (700 bar) [LT-FC]
ogen (liquid) [LT-FC]

vi A 1 1 A W O B B O

“u N Lo 1 L1 BN




Zero emission design Greek case

Renewable hydrogen (liquid) [LT-FC]
Renewable hydrogen (700 bar) [LT-FC]
Renewable hydrogen (300 bar) [DF-CI-ICE]
Sodium borohydrite (NaBH4) [LT-FC]
LOHC [LT-FC]

Battery electric (renewable)

Renewable methanol (DAC) [SI ICE]
Renewable diesel (flue gas) [CI-ICE]
Renewable methanol (flue gas) [SI-ICE]
Renewable LNG (flue gas) [SI-ICE]
Renewable methanol (flue gas) [LT-FC]
Renewable hydrogen (700 bar) [DF-CI-ICE]
Bio CNG (waste) [SI-ICE]

Renewable ammonia [DF-CI-ICE]
Renewable hydrogen (liquid) [DF-CI-ICE]
Renewable methanol (flue gas) [DF-CI-ICE]
Renewable DME (flue gas) [CI-ICE]

Bio LNG (waste) [SI-ICE]

Bio methanol (glycerine) [SI-ICE]

LNG [SI-ICE]

Bio diesel mix (20% FAME 30%HVO) [CI-ICE]
CNG [SI-ICE]

Battery electric (fossil)

Diesel [CI-ICE]

Methanol (fossil) [SI-ICE]
Hydrogen (fossil, 300 bar) [DF-CI-ICE]
Ammonia (fossil) [DF-CI-ICE]

o

200 400 600 800 1000
CO,eq emission well-towake [g/kWh]

B W2P GHG emission

SPEC results for greenhouse gas emissions
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MARIN

Renewable hydrogen (700 bar) with LTPEM fuel cell / Renewable hydrogen
(liquid) with LTPEM fuel cell;

Renewable methanol (flue gas) with SI-ICE (spark ignited combustion engine);

Battery-electric (renewable).

MSSES 3



Which challenges remain for full electric for the Greek case? MARIN

Renewable diesel (flue gas) [CI-ICE]
Diesel [CI-ICE]

Bio diesel mix (20% FAME 30%HV0) [CI-ICE]
LNG [SI-ICE]

Renewable LNG (flue gas) [SI-ICE]
Bio LNG (waste) [SI-ICE]
Ammonia (fossil) [DF-CI-ICE]

]

]

]

]

]

]

Renewable methanol (flue gas) [DF-CI-ICE
Renewable ammonia [DF-CI-ICE
Renewable DME (flue gas) [CI-ICE
Renewable hydrogen (liquid) [DF-CI-ICE
Methanol (fossil) [SI-ICE

Renewable methanol (DAC) [SI ICE

thaonal {al H W ol Vi i |

Hydrogen (fossil, 300 bar) [DF—CI—IEE} O

LOHC [LT-FC] ——

Battery electric (fossil) m—— — ————

Battery electric (renewable) e ———————————

0 50 100

TP T T ST O S T O =TT

Hydrogen (fossil, 300 bar) [DF-CI-ICE]
LOHC [LT-FC]

Battery electric (fossil)

Battery electric (renewable)

o

50 100 150 200 250 300 350
Weight in metric tonnes

H Weight of systems H Weight of fuel, contained

1. SPEC results for weight




Which challenges remain for full electric for the Greek case? MARIN

Bio diesel mix (20% FAME 30%HVO) [CI-ICE]
Diesel [CI-ICE]

Renewable diesel (flue gas) [CI-ICE]

LNG [SI-ICE]

Renewable LNG (flue gas) [SI-ICE]

Bio LNG (waste) [SI-ICE]

Methanol (fossil) [SI-ICE]

Renewable methanol (DAC) [SI ICE]
Bio methanol (glycerine) [SI-ICE]
Renewable methanol (flue gas) [SI-ICE]

Renewable hydrogen (300 bar) [DF-CI-ICE]
LOHC [LT-FC]

Sodium borohydrite (NaBH4) [LT-FC]
Battery electric (fossil)

Battery electric (renewable)

o
=

00

Renewable hydrogen (300 bar) [DF-CI-ICE]
LOHC [LT-FC]

Sodium horohydrite (NaBH4) [LT-FC]
Battery electric (fossil)

Battery electric (renewable)

o

100 200 300 400 500 600 700
Weight in metric tonnes

m System+fuel+storage volume

2. SPEC results tor volume (system+tuel+storage)
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LNG [SI-ICE]
Renewable LNG (flue gas) [SI-ICE]

Bio LNG (waste) [SI-ICE]

Bio diesel mix (20% FAME 30%HVO) [CI-ICE]
Diesel [CI-ICE]

Renewable diesel (flue gas) [CI-ICE]

CNG [SI-ICE]

Bio CNG (waste) [SI-ICE]

Renewable methanol (flue gas) [DF-CI-ICE]
Ammonia (fossil) [DF-CI-ICE]

Renewable DME (flue gas) [CI-ICE]
Renewable ammania [DF-CI-ICE]
Methanol (fossil) [SI-ICE]

Renewable methanol (DAC) [SI ICE]

Bio methanol (glycerine) [SI-ICE]
Renewable methanol (flue gas) [SI-ICE]
Renewable hydrogen (liquid) [DF-CI-ICE]
Renewable hydrogen (700 bar) [DF-CI-ICE]
Hydrogen (fossil, 300 bar) [DF-CI-ICE]
Renewable hydrogen (liquid) [LT-FC]
Renewable hydrogen (300 bar) [DF-CI-ICE]
Renewable hydrogen (700 bar) [LT-FC]
Renewable methanol (flue gas) [LT-FC]
LOHC [LT-FC]

Sodium borohydrite (NaBH4) [LT-FC]
Battery electric (fossil)

Battery electric (renewable)

MSES

o
w

10 15 20 25
Cost [MEUR]

MW Cost SPEC systems W Cost SPEC storage of energy carrier

3. SPEC results system costs
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1LNG

2Renewable LNG (flue gas)
3Bio LNG

25Sodium borohydrite
26 Battery electric (fossil)
27 Battery electric (renewable)
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Battery use
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Battery use per leg and mode of operation, hybrid case, from DNV’s COSMOSS simulations
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Design elements considered

* Engine and propulsion machinery configuration (redundancy for
autonomous operation)

 Design speed (low service speed Spanish case)

e Superstructure longitudinal position (midship bridge)
* Open top hull (hatch coverless)

e Cargo handling (in DP mode, without mooring lines)

MSES 37



12 identified hazards, 9 “Remote” or “Reasonably probable”.

2 hazardous events are expected to occur more frequently during the ship’s
lifetime:

1. Position of the container crane on board impedes operation of port cranes: The feeder
vessel is expected to be (un)loaded using the port cranes once or twice a week.

2. Water accumulates in cargo hold in harsh weather conditions due to open top design: The
innovative feeder and particularly the designs for the Greek case are expected to be
exposed to extreme weather (i.e. high waves and wind) during the summer and winter

months.
Frequent [N
Reasonably probable 0,1
0,01
<0,01

MSES 3



* Ship related costs
* Port taxes
Vessel pilotage
Port tugboats
Mooring/unmooring
* Vessel generated waste collection service tariff

* Container related cost
 Stevedoring in the Pireaus port (outbound/return trip)

e Maritime link costs
* Time charter vessel cost
* Bunker consumption cost

* Land link costs
* Local haulage in the destination islands

MSES 3



MARIN

* Cost calculation
* Greek case, more expensive, but with carbon tax likely cheaper in the future*

Bunker consumption cost 23.31 58.65
TOTAL 269.6 304.94

* Spanish case, cheaper, due to autonomous operation, there are no cost for
pilotage and the use of tugboats

Port tugboats 7.49 0
Bunker consumption cost 1.63 4.71
TOTAL 192.12 171.36

*conclusion in 2021

MSES 40



Passenger vessel

Modular Passenger
Accommodation for the
Greek Feeder Case ||
Bow & Stern area

Total 395 passengers
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The route

e Case study

* Nasxos — Irakleia -
Schinoussa - Koufonosia
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