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Thank you 
Talk to you today about the interaction of vessel energy efficiency, operational factors and underwater sound.

History – 
Presentation on Shipping as a Source of Anthropogenic Underwater Sound
United Nations Nineteenth Informal Consultative Process, June 18, 2018 

Abstract:
Commercial vessels have been identified as sources of underwater sound, with cavitation related to propulsion systems making the primary contribution. This presentation will cover sources of sound from commercial shipping vessels, mitigation approaches, and 2017 studies which  tested mitigation approaches at full scale in commercial services. 
 
Since 2015 Maersk Line has modified a number of commercial container vessels to improve energy-efficiency. In 2017 Maersk worked with Scripps Institution of Oceanography to define the impact of the retrofits on underwater radiated noise. The study found significant reductions in sound in the low and mid-range frequencies which are believed to impact marine mammals. The estimated underwater sound pressure levels of the five selected vessels were lower for post-retrofitted vessels by a median of 6 dB in the low-frequency band (8 - 100 Hz) and a median of 8 dB in the higher-frequency band (100 - 1000 Hz). These reductions may result from less cavitation due to both the retrofitted propellers with boss cap fins, and from propeller operation at greater depth where ambient pressure is higher. Operating conditions optimizing both energy efficiency and sound generation have not been fully defined, however reductions of ship source sound pressure level due to changes such as those employed by these retrofits may result in ocean-basin-wide noise reductions.  
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Vessel fuel efficiency has been a focus for many years. 
Reducing fuel use, CO2 and other air emissions in customers’ supply chains.

 Vessels have become significantly more fuel efficient. 
 Maersk vessels produced 47% less CO2 (2019 vs. 2008, per container per km)

 New larger vessels, retrofits, network design / execution and Connected Vessel Strategy

 Shipping is the only industry with global 
decarbonization goals, metrics and reporting 
(IMO MEPC80, July 2023)

 New fuels and propulsion systems are becoming 
realities to decarbonize and comply with IMO. 
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USE CURRENT DATA!
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12 vessels in G classes

Retrofit dry dockings 
11 vessels 2/2015 – 8/2016
Final vessel 4/2018

Example: Gudrun Maersk
Year Built: 2005

Retrofitted: 2015

Size: 367 m x 43 m
max draft 15.9 m

Gross Tonnage: 98,648

Current capacity: 11,078 TEU

Maersk G-Class Vessel radical retrofit program
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100 ships $1B 5 years
3 ½ football fields long 

If all the containers from an 11,000 TEU ship were loaded onto a train, it would need to be 44 miles long.3 

City bus is equal to 2 TEUs – 5,500 busses on board 

3 http://www.worldshipping.org/benefits-of-liner-shipping/efficiency
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“Radical Retrofits” to improve 
vessel energy efficiency

G vessels:

Energy Efficiency & Environmental Technologies
New bulbous bow
New propeller and propeller boss cap fins
Engine de-rating
Fuel flow meters

Capacity Boost
Raise wheelhouse
Upgrade lashing bridges and hatch covers
Scantling draft evaluation
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Maersk has been investing in vessels retrofits to dramatically improve energy efficiency. 

USD 1 Billion to retrofit approx. 100 of our vessels over 5 years (announced in 2014) 
The technical upgrades boost fuel efficiency and so significantly reduce CO2 emissions
Contributes to our 2020 CO2 target and our cost leadership strategy

This is the “extreme makeover” approach, and like the Television show Extreme Makeover, it often includes a nose job. The bulbous bow is replaced.

Probably more important to this work is the propeller change and addition of propeller boss caps fins to reduce cavitation.

Boosting capacity increases fuel efficiency per unit of cargo, and from the larger perspective means fewer vessels required to deliver the same cargo.

At Maersk we pride ourselves on operating a very young fleet which we invest heavily in to make the most energy efficient possible. But the global fleet cannot be extrapolated from the results of the Maersk fleet. Each segment is different and even inside the same sector retrofits are often on ship by ship basis projects with some variation in the results. 
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SAFETY
ENERGY
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GREENHOUSE
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PORT
COMMUNITY
CONCERNS

COSTS ON TIME
MARINE

MAMMALS

Is there an optimum solution for both the environment and 
operations?
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Is there an optimum solution for the important environmental and operational parameters? Quite possibly….

The physics of sound generation and propagation are well known -- although the ocean environment does make modeling more complex.

Naval architects and engineering and military personnel are not surprised about this result

Sound measurement standards and mathematical treatments exist but some standardization is needed

IMO has guidelines (2014) and some classification societies have “quiet vessel” notations (relatively new)

Specific operational parameters still need to be developed to optimize for all the important environmental and operational parameters.

We are just getting started,
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Sources of sound from commercial shipping

Primary factors for vessels
 Propulsion system design, operations, 

cleaning and maintenance
 Flow around hull and Sea chests

 Trim optimization
 Bulbous bow design
 Maintenance and cleaning

 Equipment noise and isolation
 Speed optimization
 Depth finders

Port operations and harbor craft are 
also sources of underwater sound.

Cavitation related to propulsion systems is 
typically the dominant source of underwater noise 

 Design and type
 Boss cap fins and ducting technologies
 Speed optimization and depth
 Cleaning and maintenance

Equipment 
noise

Bulbous bow

Flow along 
hull 
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Beginning to become aware – due to programs like ECHO and Protecting Blue Whales and Blue Skies – of the importance of 
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Reduced underwater noise generation 
related to the Radical Retrofit

 Scripps Institution of Oceanography had collected underwater 
sound data in the Santa Barbara Channel for over 10 years.

 Five Maersk vessels were evaluated before and after retrofit

 Source Sound Pressure Level (SPL) when corrected for vessel 
speed and draft was estimated to be:

 6 dB lower in the 8-100 Hz band 
 8 dB lower in the 100-1000 Hz band

 Conclusion: “Reductions of ship source sound pressure level due 
to changes such as those employed by the radical retrofits may 
result in ocean-basin-wide noise reductions.”

http://cetus.ucsd.edu/Publications/Reports/GassmannMPLTM616-2017.pdf

8-100 Hz Sound Pressure Levels 

6 dB is 
75%
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We were fortunate to learn about a unique database of underwater sound measurements. Professor John Hildebrand of Scripps Institution of Oceanography has been making measurements for over 10 years (at that time) in southern California. 
 
Expert technical analysis essential to fully understand the results. Required detailed vessel data – drafts, prop locations, speeds, etc.

Study showed Co-benefit to the retrofit: reduction in underwater noise generation (Sound Pressure Levels (SPL))

5 Maersk vessels were evaluated before and after retro-fit
Source SPL when corrected for vessel speed and draft is 
lower by 6 dB in 8-100 Hz band
lower by 8 dB in 100-1000 Hz band
6 decibels is a 75% reduction in source sound pressure levels

The scientists concluded that “Reductions of ship source sound pressure level due to changes such as those employed by the radical retrofits may result in ocean-basin-wide noise reductions.”

Disclaimer -- Again I need to point out that the global fleet cannot be extrapolated from the results of the Maersk fleet. Each segment is different and even inside the same sector retrofits are often on ship by ship basis projects with some variation in the results. 


http://cetus.ucsd.edu/Publications/Reports/GassmannMPLTM616-2017.pdf
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Source: Dr. John Hildebrand, Scripps Institution of Oceanography 
8



Classification: Public
ZoBell et al. 2023
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Data collection continued and computational methods became more sophisticated. So more recently a second analysis at Scripps

The database included 111 transits of the 12 vessels recorded at a High-frequency Acoustic Recording Package (HARP) site in Southern California. 54 transits pre-retrofitting and 57 transits post-retrofitting.

After taking out the factor of speed which we know effects source level, the estimated marginal mean source level spectra for pre and post retrofitting are shown here with pre in blue and post in red. Retrofitting showed a reduction only in the frequencies below 100 Hz, at around 1 – 7 dB depending on the frequency.
Above 100 Hz they were maybe slightly lower slightly higher or the same. 
Because multiple changes to the vessel that happened at the same time, it is hard to disentangle which modification led to the decrease. But because the reduction was only seen below 100 Hz Scripps hypothesized that the addition of propeller boss cap fins as well as the reduction in the number of propeller blades allowed for reduced propeller cavitation. 
Scripps also thinks that the redesign of the bulbous bow allowed for reduced vessel resistance allowing the propellers to operate at a lower rpm and thereby reducing cavitation.
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What have we learned? 

 Vessel retrofits can reduce fuel consumption and related air emissions, and also may 
reduce underwater sound.
 Both vessel equipment and operating factors should be considered in underwater sound 

programs.
 Some technology approaches appear to offer win-win solutions.

 Significant expertise is required to analyze sound generation and impacts in real-
world settings.
 Consistent methodologies and actual vessel conditions are essential

 These studies and others are early steps toward understanding anthropomorphic 
underwater sound generation from shipping and ways to manage and reduce 
impacts on marine mammals.
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Questions remain: which is better – loud and brief or less loud but with longer duration? 
How do potential operational changes for sound also impact the potential for ship strikes?
How might operational changes impact service to customer, costs, air quality, climate and port efficiency?
Speed and draft are important criteria


Disclaimer -- Again I need to point out that the global fleet cannot be extrapolated from the results of the Maersk fleet. Each segment is different and even inside the same sector retrofits are often on ship by ship basis projects with some variation in the results. 
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URN in Maersk today

How we see it:

• Considered as an important 
environmental focus area under 
rapid development

• Receiving increasing attention 
across the maritime industry, 
including the regulatory bodies 
(IMO) 

• Regulation on voluntary basis 
for now, but under 
development and seen as 
becoming mandatory in near 
future

• Especially in the IMO, URN is an 
active area under development 

• Future mandatory regulation 
will potentially have significant 
impact on how vessels are 
designed and operated

What we are doing:

• Striving to understand the theory 
behind, to be able to comply with 
possible future mandatory 
regulation

• Participating in the ECHO program 
by Port of Vancouver

• Following voluntary speed 
reduction zones for whale 
protection (especially US East and 
West coast)

• Implementing company specific 
speed reduction zones such as 
Hellenic Trench and Strait of 
Gibraltar

• Zones are integrated in internal 
voyage planning tool

• Proactively working together with 
Mediterranean Shipping Company
(MSC) and World Shipping Council 
(WSC) on moving vessel traffic 
south of Sri Lanka11
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A lot going on
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Challenges – and some opportunities...

Schedule reliability and fuel consumption: 

• Reduction of speed in certain areas without causing delays

• Increased fuel consumption for catching up

• New whale protection zones introduced on short notice

Impact on CII ratings:

• Dilemma if URN and CII works opposite: Fuel efficiency or low noise? 

Class notations:

• How to ensure equivalent requirements across classification societies 
(relevant for vessel transfers between classes)?

• How to ensure standardized methods for verification of compliance?

• Should class notations drive improved technical capabilities or improved 
mammal living conditions?

Vision: 

• We want to be a leading and responsible industry partner, ensuring 
improved living conditions for marine mammals in our corridors through 
timely management of our fleet noise signature

Suggestion:

• New URN network group under Danish Shipping as a platform for further 
discussion, alignment and knowledge sharing across the Danish maritime 
industry
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Impact of fewer transits by larger slower vessels??
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Special thanks to Drs. John Hildebrand, Kaitlin Frasier, Sean Wiggins, Martin 
Gassmann and Vanessa Zobell, Scripps Institution of Oceanography

Financial support by the Ocean Foundation, Natural Resources Defense Council, 
International Fund for Animal Welfare, Dr. Nancy Foster Scholarship, Science Policy Fellows 
Program at UC San Diego, NASA, BOEM, and NOAA. 

Ship data was provided by the Masters and Chief Engineers of the G vessels, as well as 
Maersk Naval Architects and the Maersk Global Vessel Performance Center.

Lee Kindberg, PhD
Maersk
lee.kindberg@maersk.com
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NRDC – Michael Jasny
IFAW - Patrick Ramage
Ocean Foundation – Mark Spaulding and  Caroline Coogan
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