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Some words upfront

A subjective approach to a wide topic
based on publicly available data

Conclusions based on the presented data /

information are made at your own risk.
(NB: Please see listed literature and references)

No professional or commercial connection
to / cooperation with mentioned entities

Questions, feedback and criticism can be
send to pek@hvl.no
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Relevant requirements and regulations

for maritime propulsion systems Alternatives propulsion solutions

for selected ship types

Overview of typical operating profiles
and propulsion systems for different ship types
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"Getting hooked”

@ Teknisk Ukeblad

Erratum / correction

“After 15 years of extensive research,
project partners Eidesvik Offshore,
Wartsila Norway and DNV GL have
recently announced the closure of the
FellowSHIP project. It aimed to
explore the use of battery, hybrid and
fuel cell technology in the maritime

iIndustry.” ‘
Corvus , '
Energy » x y
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WARTSILA DNV

Verdens viktigste skip «pensjoneres»: — Har vaert
provekanin for utvikling av LNG, brenselceller og
batterier. Av ,

Source: https://www.tu.no/artikler/verdens-viktigste-skip-pensjoneres-har-vaert-provekanin-for-utvikling-av-Ing-brenselceller-og-batterier/443329 (c) Tore Stensvold; Teknisk Ukeblad (TU) T '.‘=;§
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"Getting hooked, even more?”

.. Azimuth aft
(2 x 2200 kW)
Azimuth stern
(1 x 880 kW)

Side thrusters

6R32DF I
(2010 kW)

@ Teknisk Ukeblad

Verdens viktigste skip «pensjoneres»: — Har vaert
proevekanin for utvikling av LNG, brenselceller og
batterier. Av
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(~330 kW)

Auxiliaries
(?~50 kW?)
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AT6500 battery
(~0,5 MWh / 1,6 MW)
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Source: https://www.tu.no/artikler/verdens-viktigste-skip-pensjoneres-har-vaert-provekanin-for-utvikling-av-lng-brenselceller-og-batterier/443329 (c) Tore Stensvold; Teknisk Ukeblad (TU)
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“A five-letter word for happiness...money.”

Owner / operator
reduced fuel costs
reduced maintenance costs

Engineers

: : functional
Financing

low risk
short payback times

The environmentally concernced &2
reduced emissions

This Photo by Unknown Author is licensed under CC BY-NC-ND

silent
simplified maintenance
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The 4th dimension (macro)

Norway’s proposal for NG fuelled ship regulation

MSC.285(86) interim guidelines

MSC 95 IGF code (NG) adopted

IGF code enters into force

EEXIand Cli rating g g \

Reduction of carbon intensity by 40% for all ships

Decarbonization level 100%-X

€E€E€E€ECECL

Source: DNV ; DNV Insights - Cll — Carbon Intensity Indicator

Required annual
operational Cll

2008

| SEEMP audits + annual Cll rating

SEEMP
approval

2019 2023

Construction

Operation

Development & Engineering ~1 year (T - 2)

~1 year (T - 1)

up to 25 years (T + 25)
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The 4th dimension (micro)
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“The difference between the long-term average speed V;, and the design speed
Vpgs can be considered as a speed margin to maintain performance when . . -
operating in the environmental conditions to be expected. Likewise, the *ACtual Speed In knOts (+/_ variation by 2)
difference between maximum continuous power and power required to achieve 1 knot = 1 nautical m|le (1'852 km) per’ hour’

design speed on trial can be considered as a power margin to maintain
performance as the ship ages and deteriorative effects set in.”

G.H. Levine, S. Hawkins; ‘Comments on service margins for ships (with discussion)’; Society of Naval Architects and Marine Engineers SNAME Order 511; 1970 F;a
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A closer look ... atall (1)
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Source: J. J. Minnehan, J. W. Pratt; Practical Application Limits of Fuel Cells and Batteries for Zero Emission Vessels; SAND2017-12665; November 2017
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A closer look ... atall (2)

10,000.0

Engine type illustration
based on examples used
in Sandia report

Engine speed
classification (limit values
not carved in stone)

Slow speed

rpm < ~400

Medium speed

~400 >=rpm <= ~1200
High speed

rpm >= 1400

1,000.0

100.0 2-Stroke / slow speed

10.0 4-Stroke / medium speed

4-Stroke / high speed
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Source: J. J. Minnehan, J. W. Pratt; Practical Application Limits of Fuel Cells and Batteries for Zero Emission Vessels; SAND2017-12665; November 2017
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Not too close
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Source: J. J. Minnehan, J. W. Pratt; Practical Application Limits of Fuel Cells and Batteries for Zero Emission Vessels; SAND2017-12665; November 2017
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The 4th dimension - bunkering (1)

LNG BUNKERING TIMELINE 23000 TEU Container vessel - 10000 m?3 LNG
e -
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EVENT 15 Min. 25 Min, 10 Min,
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ARRIVAL fuel tank (°C
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A — T s <
CONNNECTION LINK | EARTHING - 10
pressurized
Ammonia

RETURN OF SIGNED CHECKLIST
OPEN MANUAL VALVES

™ Transfer ri
TRANSFER SEQUENCE -
PUMP STOP SEQUENCE bl Liquid hydrogen -245
PURGING OF CARGO LINES (BOTH SHIPS)
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Berth

N2 purging
Cool down
Ramp up
Pumping
Ramp down

PUMP START SEQUENCE

DISCONNECTION LINK | EARTHING
DELIVERY CARGO DOCUMENT
UN-MOORING

DEPARTURE

INERTING OF CARGO LINES (BUNKER SHIP)

Hoses connection

Hose disconnection...

Source: L. Chrysinas; LNG supply chain; On The MoS Way - The MoS Digital Channel; 06/2015
Capt. N. Kumar; Introduction to Dual fuel - Part 2: Advanced Operations of Dual Fuel Ships; HIMT; 07.08.2022
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The 4th dimension - bunkering (2)

BEFORE BUNKERING,_ | _  DURING BUN

EVENT 15 Min.

TOTAL AVAILA&.E BUNKER TIME

1000
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MOORING
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™ Transfer rate = 320 m3/h at 5 mis

24 min = 130 m3 = 65 tonnes
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Claim not verified

Source: L. Chrysinas; LNG supply chain; On The MoS Way - The MoS Digital Channel; 06/2015
DNV; External safety study - bunkering of alternative marine fuel for seagoing vessels; Report No.: 10288905-1, Rev. 0; 2021-04-19
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Squaring the circle

Coastal Cargo
Vessels

Fuel econom
Inter contlnental
Reliability

Cal go Vessels
Passenger Cruise Research &
osts
Vessels Survey Vessels
Power
Passengel Cruise Offshore &
Vessels specialist
application vessels | Availability
speed ferries vibrations Y
Flexibility

Lelsule & Tourist FlShlng Vessels Responsiveness

Crafts

Application-based evaluation (target(s) & priorities) = continuous, comprehensive operational analysis

oy

Source: C. Bourne, T. Nietsch, D. Griffiths, J. Morley; Application of fuel cells in surface ships; 2001
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Lessons learned — all about buoyancy*

with:

© O U W

lncentives, flnances

Rules § regulation

Logistics § infrastructure

n the right place at the right time

*Simplified illustration — no actual calculation %}'}é 15
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Reading recommendations
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