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Background and Rationale

• Energy Efficiency and Green House Gas are 
regulated by IMO via the EEDI, EEXI and CII

• Underwater Radiated Noise (URN) increasingly 
recognized as a threat to the marine 
environment (a non-mandatory guideline of 
IMO is released this summer).

• Transport Canada (TC) funded this study.
• TC is internationally and nationally taking a 

leadership role to investigate URN.
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Scope of Work

• Provide report and matrix on treatments to:
• increase Energy Efficiency (EE),

and/or

• reduce Green House Gas (GHG), and
• their impact on Underwater Radiated Noise (URN).

• Present the findings at the IMO GHG-URN 
Workshop (Sept 2023)
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Treatments addressed

Work covers:
• EE, GHG and URN treatments:

1. Hydrodynamics
2. Propulsor
3. Powering
4. Other Technologies
5. Operational Measures

• Main URN sources:
 Propeller Noise
 Machinery Noise
 Flow Noise
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EE & GHG Impacts & Relationship
• EE: the amount of energy required to transport 

a unit of cargo by a certain distance.
• GHG: the amount of CO2equivalent to transport a 

unit of cargo by a certain distance.

• EE and GHG are often closely correlated:
EE↑ & GHG↓

• However, a ship with a Carbon Capture & 
Storage system has a reduced EE, and a 
reduction in GHG emissions: EE↓ & GHG↓
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EE & URN Impacts & Relationship
• EE and URN are often 

closely correlated:
EE↑ & URN↓
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Increase EE and 
reduce URN

Increase EE but 
increase URN

Reduce EE reduce 
URN

Reduce EE 
increase URN

Not available

Presenter Notes
Presentation Notes
N/A = data is not available, hence we simply don’t know either or both the change in EE and URN for a certain treatment OR the expected change for one of those variable is practically zero.Increase EE reduce URN (green); most treatment increase the EE by reducing the power demand and hence reduce the cavitation/vibration and URN levels.Increase EE increase URN (purple): propeller optimization by a reduction of the blade area ratio of the propeller, which will slightly increase the EE, but probably increase the cavitation and hence increase the URN levels.Reduce EE reduce URN (blue): gas/steam turbine, Maritime Spatial PlanningReduce EE and increase URN (red) is deliberately not researched, since it would be working against the objectives of this project. However an example might be a vessel that is sailing at a constant speed and that installed a CPP (instead of a FPP), which would slightly reduce the EE and could increase the URN levels.



EE & URN Impacts & Relationship (continued)
• Noise can negatively affect marine mammals, fish 

and invertebrates.
• URN levels and the World Fleet Gross Tonnage 

have been increasing with time
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levels in the sea and global economic trends. Sci Rep 2, 437 (2012). 
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Presentation Notes
Noise can affect marine mammals, fish and invertebrates by:Physical damage; loss of hearing to deathMasking communications; affecting mating and other interactionsReduced foraging activity; especially where animals use sound to locate preyIncreased stress levels; overall adverse impacts on healthBehavioral modification; possible avoidance of high noise areas that might be preferred habitats.The URN levels in the oceans has been increasing over time, as can be seen in the figure. On the horizontal axis is the time and the vertical axis is the increase of URN (depicted by the pink squares).The size of the world fleet has been increasing as well (see the green triangles on the figure).The hypothesis is that the increase of the world fleet has been the main reason that URN levels have been increasing over time as well.



Matrix Design

• Based on approach used by US National Oceanographic and 
Atmospheric Administration (NOAA), adapted and extended

• Each (treatment) entry covers:
1. Description of the mechanism
2. EE & GHG (percentage) change
3. URN change (dB range and Frequency Range)
4. Group (each combination of EE,GHG vs URN)
5. Additional Advantages and Benefits
6. Drawbacks and Disadvantages
7. Technology Readiness Level
8. Cost estimate
9. Applicability (Refit and/or New Build and shiptype –size vs speed-)
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Matrix Design (continued)
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• Many assessments are based on Vard’s ship design experience (and 
might differ from publicly available papers).

• Operational profile and ship specifics will have an influence on the 
presented numerical values.

• Opinions and assumptions are Vard’s and do not represent position 
or policy of TC or the Canadian Government.

• The Matrix does not endorse any product or service provider.
• The report does not provide a comprehensive overview of 

alternative fuels.
• The effectiveness of the URN reduction relates to the noise source 

being treated (NOT the overall ship URN).
• Vard is open to comments on the work via the provided comment 

form.



Examples – Hydrodynamics/Hull Appendage Design
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Examples – Propulsor/Propeller Propulsor Design
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Examples – Powering/Machinery Treatments to Noise
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vibration/marine/engine-mounts



Examples – Other Mitigating Technologies/WASP
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Examples – Operational Measures/Operational Planning
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Visualisation 
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Presenter Notes
Presentation Notes
Lots of caveatsExtremely matrix layout depending. For instance, if we would have grouped all wake flow modifications (like pre-swirl stators and the Mewis duct) into a single treatment, then this figure would have looked quite different!



Visualisation (continued)
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Recommendations
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• EE/GHG:
• Standards/guidelines to validate performance of EE/GHG 

technology
• Provide longer-term validation
• Provide costing information

• URN:
• Programs like ECHO: Ship specific noise data, Baseline data 

(background & ship) for effectiveness URN mitigation
• Validate performance of URN technology
• Develop standardised URN measurement approach
• Incentivization (URN reduction voluntary); disseminate 

examples
• Share information

Presenter Notes
Presentation Notes
The  main  recommendations  arising  from  this  project  are  in  the  areas  of  data  collection, data analysis and data sharing. Shipowners need to make changes to their ships and their operations, and they need assistance in ensuring that their decisions are appropriate.
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