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Partl

- Global CO2 emissions of shipping

- IMO (International Maritime Organisation) Targets

- Actual ship and port technologies

Part2

- Comparison of Alternative Energy Carriers for Ships

- Forecast of FLJTUFG Technologies
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Global CO2 impact of shipping industry

FIGURE &
Global emissions by sector
Percent share of 2021 net GHG emissions
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Source: Rhodium Group

https://rhg.com/research/global-greenhouse-gas-emissions-2022/
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CO2 Emissions by ship types

IMO DCS share of CO2 emissions EU MRV CO2 share of CO2
in 2019 (614m tonnes) emissions in 2019 (145.5m tonnes)

Combination Carrier 0.06%

Ro Ro Cargo Ships 1. 21%
Cruise Passenger ship 0.48%
/Bulkers 27.55%
Refrigerated cargo carriers 1.11%__
Passenger ships 4.81%__
Other 0.76%_
Oil tanker 13.76%
LNG carrier 5.50%
Tankers* 21.15% General cargo 4.40%

Passenger ships 3. oa%ﬁ‘
Gas carrier 2. 09%

Refrigerated cargo carriers 0.71%._
https://www.lloydslist.com/LL1136035/Shippings-big-three-account-for-almost-80-of-CO2-emissions

Vehicle carriers 3.10% l0.00%

~Bulk carriers 11.65%

. o Chemical tankers 6.63%
Vehicle carriers 3.13% <
LNG carriers 4. 98%

Gas carriers ‘2.96%
General Cargo 3.26%—

_Combination carriers 0.06%

Containerships 30.63%
Containers 29.91%
L—"Container-ro ro/cargo ship 1.06%
* Oil and chemical tankers
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International Maritime Organisation
(IMO) - Targets

Strengthened IMO strategy on GHG reductions

Units: GHG emissions

Bl Emission pathway in line
with IMQO's GHG strategy

El Business-as-usual
emissions

Emission gap

. Total:
20% reduction

Intensity:
40% reduction

Fuel:

o Net-zero
5% energy share

Total: i -
GHG emissions

70% reduction

by 2050

2008 2020 2030 2040 2050
Total: Well-to-wake GHG emissions; Intensity: CO; emitted per transport work; Fuel: Uptake of zero or near-zero GHG technologies, fuels and/or energy sources @©DNV 2023
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Decarbonisation of Shipping

A wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG
Strategy will require a mix of technical,
operational and innovative solutions
applicable to ships. Some of them, along
with indication on their approximate GHG

reduction potential, are highlighted below. 5-50%
Fleet upto T5%
j T e ant 1-10% 2-50%  Extensive speed
‘ Joi logisti ’ o Concept, optimization
gistics and Voyage
—..——' incentives optimization seed id
- P capability
5-15%

Power and
propulsion
systems

o . 80-100% 2-20% 5-25%
‘ o 90% Hydrogen and 1-10% e Hull biofouling
50-90% Bio-LNG/LPG RBiofuel 3rd other synthetic =1U"% superstructure management
Full electric generation fuels Energy
management

https://www.imo.org/en/MediaCentre/HotTopics/Pages/Cutting-GHG-emissions.aspx
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Heavy Fuel Oil Production
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https://www.oiltanking.com/en/news-info/glossary/the-petroleum-refining-process.html
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Marine Fuels

ISO 8217 Petroleum Products — Fuel (class F)

« MGO (Marine Gas Oil)
« MDO (Marine Diesel Oil)
 |[FO (Intermediate Fuel Ol

« MFO (Medium Fuel Qil)

« HFO (Heavy Fuel Oil)

a distillate fuel oil (No. 2, Bunker A)
a blend of MGO and HFO

a blend of MGO and HFO, with less
gasoll than MDO

a blend of MGO and HFO, with less
gasoil than IFO

a residual fuel oil (No. 6, Bunker C)



Sulfur limits in Marine Fuel Oil

IMO Worldmap for ECA's (Emission Control Areas)
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https://www.sustainable-ships.org/rules-regulations/eca

High Sulfur Fuel Oil (HSFO) 3.5% Allowed with Scrubber

Low Sulfur Fuel Qil (LSFO) 1,0% Allowed with Scrubber

Very Low Sulfur Fuel Oil (VLSFO) 0,5% Except ECA B[S
Ultra Low Sulfur Fuel Oil (ULSFO) 0,1% Worldwide
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- SOx Emissions — Shipping Sector

« Until 2020 ~ 11% of global SOx emissions
e SOx Emission Reduction of ~60 %

Sulphur dioxide emissions by sector, World

Y Af'l' e r 2 O 2 O ~ 47 O f | O b O | Sulphur dioxide (SO,) is an air pollutant formed from the burning of fuels that contain sulphur, such as coal. SO, is one of the main
O chemicals that forms acid rain.

SOx emissions
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Actual Marine Fuels & Prices
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https://www.seaboardmarine.com/marine-fuel-weekly-averages/
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Scrubber

Exhaust Closed-loop scrubbers

Open-loop scrubbers
gas out

Exhaust

gas out
- Scrubber Holding tank
(optional for zero discharge

- no bleed-off)
Process Fresh- Water
tank 'vatar treatment Water
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7 | |
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https://www.dnv.com/expert-story/maritime-impact/Scrubbers-at-a-glance/
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Slow Steaming

- Since 2008 container ships slowed down

Slow
Steaming

400

Extra Slow
350 Steaming

- E.g. Slowing down of 12,5%

leads to reduce 33 %
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Fuel Consumption by Containership Size and Speed
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https://transportgeography.org/contents/chapter4/transportation-and-energy/fuel-consumption-containerships/
https://transportgeography.org/contents/chapter4/transportation-and-energy/fuel-consumption-containerships/

Bulbous Bow

* Reduce water dig@
* Up to 15 % better fuel efficiency

Profile of bow with bulb
Profile of bow without bulb
Wave created by bulb
Wave created by
conventional bow

5. Waterline and region of
cancelled waves

e
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Wind Assisted Propulsion System
WAPS

« 5-10% of fuel saving potential

 Depending on the routes and
ships a good fuel saving
possibility

» Different sail types

NG

Ventilated foil
system

Rotor sails Rigid wing sails Soft wing sails Soft sail system

https://www.dnv.com/maritime/insights/topics/waps-wind-assisted-propulsion-systems/
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Hybrid Engines

« Higher propulsion efficiency
with up to 15% fuel
reduction

» Only electric driving in |
emssions zones possible "

Energy storage system

cPP

https://www.wartsila.com/marine/products/ship-electrification-solutions
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Electrification
MV Ampere (2015) Yara Birkeland (2022)
El. Ro-Ro Car Ferry El. Container Ship 120TEU
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https://corvusenergy.com/projects/mf-ampere/

https://www.yara.com/news-and-media/media-liorary/image-library/
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Shore Power

« Ships need electrical energy at ports for onbboard systems
* In fradition done by
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Conclusions and take home message

Learning objective 1

- Understanding of global CO2 emissions and the portion of the
shipping sector

- Review of the legal and technological developments of the last

decades in connection to the GHG emissions
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Conclusions and take home message

Learning objective 2
- ldentify technical solutions for reducing fuel consumption and the
corresponding GHG emissions

- lllustrate of actual technologies for emission reduction
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Additional reading materials

- Masterclass Emission Conirol Area
hitps.//www.sustainable-ships.org/rules-regulations/eca

- Our World in Data
https://ourworldindata.org/air-pollution#all-charts

- DNV, Energy Transition Outlook 2024, MARITIME FORECAST TO 2050

- EMSA, Alternative Sources of Power

h’r’rps://www:emso.eurooo.eu/sus’roina ble-shipping/alternative-

fuels.ntml
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