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The report — content and why

Today's presentation is a
brief summary of:

Diesel LNG

. Battery
Fuel cell

Hydrogen

New propulsion systems / fuels imply changes in

: - te heat characteristics
e Propulsion m was
/ opulsion systems \ - heating and cooling load profiles
e Operating modes - carbon footprint

e Fishing vessel examples

\. Uptake of alternative fue|5/ * To achieve a full potential of efficiency and environmental benefits
with new cooling, freezing and heating systems, the propulsion
system and its operational mode must also be considered
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Propulsion system — "definitions" and examples

» Traditionally: diesel-fuelled mechanical propulsion with auxiliary engines for electric power supply.

(1) Prime mover
(2) Gearbox
(3) Propulsor

(4) Variable speed motor
(5) Auxillary loads

(6) AC electrical network
(7) Diesel generators

» Development towards electric or hybrid propulsion - with hybrid power supply
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Diesel-electric propulsion

» Diesel (or LNG) generators supply propulsion and electric loads

The first diesel-electric
coastal fishing vessel (2009)
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» Especially fuel-efficient for ships with:
* large utility (auxiliary) load

(8)
Loads

(1) Diesel generators

(2) AC electrical network

(3) Transformer

(4) Frequency converter

(4) Variable speed motor

(5) Propulsion motors

(6) Auxillary loads and motors

e large variation in operation profile

» Can also be equipped with hybrid power supply (batteries in addition to diesel gensets)
SINTEF
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Hybrid propulsion (mechanical-electrical)

» The ship can be propelled in two ways; electrical and mechanical

» Especially fuel-efficient for ships with:
e varying speed conditions
e a'"small" auxiliary load

» For fishing vessels requiring high propulsion capacity:
e diesel-mechanic propulsion for steaming to and from fishing field
e electric propulsion for transit at lower speeds and fishing operations.

(6)

® |35

Loads

2) (1) Direct mechanical drive
(2) El motor / generator
1 (3) Gear box

| 3) (4) AC electrical networl k

(5) Generator
(6) Mator

SINTEF
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Hybrid power supply (diesel/LNG gensets and batteries)

» The battery package can be designed to
* handle power fluctuations, peak-shaving, and/or

e enable switching off diesel generators/engines
*  — zero-emission operation and significant noise reduction.

» Most beneficial for ships with:
* varying power demand and much low-load operations
* large electric power demands in port

» Additional benefits with battery implementations
e facilitates intermittent renewable power (solar, wind) production on-board
e enables storing regenerated energy from heavy winches for fishing gears
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Hybrid ships — operating modes

e Power-take-in (PTI) at high speeds (boost)

[ 1000 kw | [ 1000 kw |
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P2:1500 kW
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e Power-take-out (PTO) at lower speeds (transit)

(1) Prime mover

(2) Diesel generator

(3) Energy storage

(4) AC electrical network
(5) El motor / generator

@ 1s)

(1) Prime mover
(2) Diesel generator

P2:-500 kw (3) Energy storage
(4) AC electrical network
{5) El motor / generator

z
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Many possible operating modes — flexible, fuel-efficient operation.
But implies challenges in relation to

* waste heat availability

* sizing of heating and cooling equipment

* need for thermal storage

PTI -boost

PTO - parallel

Demand Load

PTO -transit

PTI - battery | ‘

Demand Load

4
| PTI - electric
O I

Demand Load

=]
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shore supply

Demand Load Demand Load Demand Load

m ME DG 1 DG 2 Batteries m Propulsion demand Electrical demand
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Fuel consumption [m3/year]

wCoolFish
Evaluation of hybrid propulsion - Alaska Troll Fisheries

m Deck hydraulics ™ Freezer ® Propulsion Others
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Reduced running times of main and auxiliary engines
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Uptake of Alternative fuels —the AFI platform

STATISTICS
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Explore the development of bunkering infrastructure for alternative fuels. Get detailed insights to the uptake of alternative fuels and technologies
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Alternative Fuel Insight - LNG

0 10 20 30 40 50 60

Bulk carriers
Car Carriers I
Car/passenger ferries
Container s 1
Crrude oil tan ke |1

Cruise shijps |
| Fishing vessels mmmm I - :.I::::L 33 P
Gas tankers (‘ 141
General cargo ships I ® America
Offshore supply Shijs | ® Asia L
Qil/chemical tan ke 11—

Oceania
Other activities | Middle East
RoPax | S
Ro-Ro cargo ships I

Tugs I

Area of operation

M in operation Mon order

Indian pilot project -
Gas engine concept LNG-fuelled fishing vessel
Pure Gas * Unknown ®Pure Gas + Diesel ® DF Turbine

4%
8% —

1%
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Alternative Fuel Insight - Batteries

® Hybrid
® Pure elec... o%
® Plug-in h... 20%
Unknown
0 25 50 75 100 125 150 175 S2%
Bulk carriers 1l 22%
Car/passenger ferries
Container ships Il ° H brid
Crude oil tankers 1l y
Cruise ships I Seuope 13106  uses batteries to increase its engine performance
29
Fishi s I : . .
(pishing vessels ] < America ‘  does not use shore power to charge its batteries
General cargo ships M
) ® Asia 187
Offshore supply ships GG Oceania 94 ° Pure electric
Oil/chemical tankers Il
Other activities G * operates solely on batteries
Other offshore vessels N Py ° recharged with shore power
RoPax M '
Ro-Ro cargo ships | ° Plug-in hYbrld
Tugs NI

» abletochargeits batteries using shore power

Hin operation Mon order

¢ hasaconventional engine in addition.
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Future uptake of alternative fuels

7%

* Whole shipping sector 2050 (DNV-GL)
* LNG is dominating

e Ammonia - most promising carbon-neutral long-term solution

Advanced
biodiesel
4%

Electricity \
from grid / R

Liquefied methan

{blofelect ro)
LPG

_\\|—m

Hyd ogen

* Norwegian fishing fleet towards 2030 (Grgnnt Kystfartsprogram, DNV-GL, Fiskebat)

 Evaluation of technical feasibility and emission impact (-/medium/-)

SHIP TYPE: Feasibility Impact Feasibility Impact Feasibility Impact

Feasibility

Batteries Hydrogen Biogas Biodiesel LNG
(fully/partly electrified)

Feasibility Impact

Impact
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Further work

e WP1 & WP2: When developing integrated cooling and heating solutions for fishing vessels:

 |dentify waste heat characteristics for ships applying alternative (hybrid) propulsion systems / fuels

* Develop models to estimate the available waste heat onboard such ships for different operating modes.
e WP3: When adapting methods for estimating the carbon footprint of fishing vessels:

* |dentify changes in fuel consumption and emissions for ships with alternative propulsion systems / fuels.

* Develop models for estimating the fuel consumption / emissions for different operational modes

» disaggregated between propulsion and auxiliaries
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Thank you!
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