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ABSTRACT  

Transport Canada’s Quiet Vessel Initiative (QVI) is 

accelerating research and technology adoption to reduce 

underwater radiated noise (URN) while supporting energy 

efficiency and decarbonization objectives. This 

presentation showcases key QVI-supported projects, 

including BC Ferries’ integration of Variable Frequency 

Drives (VFD) into the main propulsion motor of ferry 

vessels operating on the West coast of Canada.   

Conventional fixed-RPM AC motors paired with 

Controllable Pitch Propellers (CPP) 

often operate inefficiently outside their design point, 

resulting in higher fuel consumption, increased greenhouse 

gas (GHG) emissions, and cavitation which causes blade 

erosion and higher underwater radiated noise levels (URN) 

at slower vessel operating speeds.  VFD technology 

enables optimized propeller loading by adjusting motor 

RPM and pitch, reducing energy waste and noise. Full-

scale trials on BC Ferries demonstrate measurable 

reductions in fuel use, GHG emissions, structural 

vibration, and URN across diverse operating profiles, 

confirming VFD technology with CPP as a cost-

effective component of modern marine electrification and 

decarbonization strategies. Together with this case 

study, the paper summarizes other QVI-funded projects, 

including comparative URN measurements of electric and 

diesel tugs (Robert Allan Ltd) and hydrodynamic 

modifications to fishing vessels aimed at reducing noise 

without compromising performance (National Research 

Council Canada). Together, these efforts highlight the 

technical pathways and policy signals needed to integrate 

URN mitigation into propulsion design and retrofit 

strategies, advancing sustainable shipping and biodiversity 

protection.  
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1 INTRODUCTION 

Underwater radiated noise (URN) is increasingly 

recognized as a critical environmental stressor for marine 

ecosystems, with well-documented links to vessel 

propulsion systems, operational profiles, and 

hydrodynamic performance (Hildebrand 2009; Carlton 

2019). At the same time, the maritime sector faces growing 

pressure to improve energy efficiency and reduce 

greenhouse gas (GHG) emissions as part of global 

decarbonization efforts. These objectives are closely 

aligned: many technological and operational measures that 

reduce fuel consumption and emissions also have the 

potential to mitigate URN through reduced cavitation and 

optimized propeller loading (Carlton 2019). Understanding 

and leveraging these co-benefits is therefore essential for 

advancing sustainable vessel design and operation. 

Transport Canada’s Quiet Vessel Initiative (QVI) was 

established to address concerns regarding the acoustic 

impacts of marine vessels, with particular emphasis on 

reducing noise levels in the critical habitat of the 

endangered Southern Resident killer whale (SRKW), for 

which vessel noise has been identified as a threat (Duarte 

et al 2021). The program supports research, development, 

and deployment (RD&D) projects aimed at reducing URN 

across a diverse range of vessel types and operational 

contexts. Under QVI, projects have generated full-scale 

trial data, comparative assessments of propulsion 

technologies, and targeted hydrodynamic and propulsion 

changes, aligned with international guidance on ship noise 

reduction (International Maritime Organization 2023). 

This paper synthesizes four related research projects 

addressing URN in marine vessels. While several case 

studies were supported directly by QVI, this work also 

draws on broader research initiatives that provide 

additional insight into URN mitigation. The central case 

study of the paper examines BC Ferries’ integration of 

Variable Frequency Drives with controllable-pitch 

propellers on ferry vessels operating on Canada’s West 

 



 

Coast, demonstrating reductions in fuel consumption, 

GHG emissions, structural vibration, and URN across 

diverse operating profiles. 

Together, the four research projects illustrate practical 

pathways for URN mitigation, aligning propulsion design, 

operational efficiency, and decarbonization objectives. By 

linking empirical results, ongoing research, and policy 

considerations, the paper provides a cohesive framework 

to inform quieter, more sustainable vessel design and 

operation. 

1.1 Quiet Vessel Initiative Case Studies and Supporting 

Research 

The following sub-sections present selected QVI-funded 

research initiatives that exemplify diverse technical 

approaches to reducing URN across vessel types. Each 

project explores different vessel classes, operational 

conditions, and mitigation strategies from hydrodynamic 

hull modifications to advanced propulsion systems, 

highlighting the multiple pathways through which URN 

reduction can be achieved while supporting energy 

efficiency and decarbonization goals. Collectively, these 

projects provide both empirical data and methodological 

frameworks that inform quieter vessel design, retrofits, and 

guidance for future efforts. 

1.2 FRESHEN project with National Research Council 

of Canada 

Small vessels, defined in Canada as vessels less than 150 

gross tons, are a widespread source of URN in coastal and 

nearshore environments, yet they are underrepresented in 

both measurement datasets and noise mitigation research 

(Parsons et al 2021). At the same time, small commercial 

fishing vessels operate under highly variable conditions – 

transit, maneuvering, and active fishing – that differ 

substantially from steady-speed operation typically 

addressed in URN standards. This gap limits understanding 

of hydrodynamic and acoustic drivers of URN for fishing 

vessels, constraining the development of effective 

mitigation strategies. 

The FRESHEN (Fishing vessel Radiated noise and 

hydrodynamic Efficiency) project addresses this 

knowledge gap through full-scale trials, model-scale 

experiments, and numerical simulations. Beyond 

improving URN measurement and prediction for small 

fishing vessels, the project provides transferable insights 

into hull–propeller interactions, operational noise drivers, 

and design trade-offs that are relevant to other commercial 

vessel types, supporting QVI’s broader goal of informing 

quieter vessel design. 

Full-scale sea trials and model-scale experiments capture 

vessel motions, propulsion characteristics, and URN across 

realistic operating modes, including transit and fishing 

operations. Numerical modeling assesses hull-form 

modifications and propeller–rudder interactions to reduce 

URN while preserving operational efficiency, consistent 

with established hydrodynamic theory (Carlton 2019). 

Full-scale sea trials involved URN measurements, 

conducted using standardized hydrophone arrays and 

structure-borne sensors, are adapted to capture operational 

conditions. 

Although the FRESHEN project is ongoing, it establishes 

an integrated framework for predicting and mitigating 

URN from small fishing vessels. By linking results from 

full-scale, model-scale, and numerical design studies, it 

provides validated prediction tools, improved scaling 

practices, and evidence-based guidance for URN-informed 

vessel design, supporting potential voluntary noise-

reduction strategies. 

1.3 Tug Noise Measurement Campaign with Robert 

Allan Ltd. 

Tug underwater noise is an important consideration for 

marine mammal conservation, as they frequently operate 

near sensitive habitats such as the SRKW critical habitat 

on Canada’s west coast (Erbe et al 2014; Burnham et al 

2021). QVI has supported several studies to enhance the 

understanding of underwater noise emissions from battery-

electric tugs and their designs compared to diesel tugs. 

The projects examined battery-electric tug feasibility and 

design, refined tug URN emission modelling tools to 

improve prediction and mitigation, and evaluated the 

underwater noise performance of tug propulsion systems. 

Results from these projects concluded that electric tugs 

have noise profiles similar to conventional diesel tugs 

under load conditions but are quieter during transit 

operations which can lead to overall underwater noise 

reductions. 

QVI is currently supporting a follow-up study with Robert 

Allan Ltd., collecting comparative URN data from diesel 

and battery-electric tugs under representative operating 

conditions, with the resulting dataset expected to inform 

vessel design, support performance specifications for low-

noise tugs, and generate evidence to guide further 

initiatives.  

These projects demonstrate the dual benefit of battery 

electric propulsion technology: reducing both greenhouse 

gas emissions and underwater noise emissions. 

1.4 Propeller Parametric Study with BC Ferries 

Building on previous studies mentioned in Section 1.2 and 

1.3, the BC Ferries case study examines URN mitigation 

for large passenger ferries – a vessel type with high 

operational variability and substantial propulsion demands. 

This work integrates advanced propulsion technologies, 

hull-form optimization, and operational strategies to 

simultaneously reduce URN, fuel use, and GHG emissions. 

As part of a multi-phase QVI project, BC Ferries 

collaborated with DNV Canada to evaluate propeller 

designs, hull forms, and advanced propulsion systems 

across different ferry vessels.  

Phase I – Propeller Design and Hydrodynamics: 

Using 3D hull geometry and detailed propeller modeling, 

simulations explored ship speed, propeller pitch, blade 

number, load, and RPM. Results showed that propeller 

modifications could reduce URN by 7–10 dB, but with a 

corresponding efficiency loss of 2.5–4%, highlighting the 



 

potential trade-off between noise reduction and energy 

performance. 

Phase II – Off-Design Operation: 

Analysis of low-speed operation near terminals revealed 

that all variable-pitch propellers are prone to cavitation 

when pitch is reduced. Noise increases at lower speeds 

emphasize the need for adaptable propulsion systems to 

maintain efficiency while mitigating URN, reinforcing 

findings from other QVI-supported vessel studies. 

Phase III – Azimuth Thruster Configurations: 

Two hull forms with single and dual azimuth pods were 

assessed using fixed-pitch propellers. The four-pod system 

generated roughly three times more hull resistance and 3% 

more water displacement than the two-pod system, 

resulting in higher noise. Propeller noise increased by 11 

dB(A) for the four-pod system and 7 dB(A) for the two-

pod system when comparing high and low speeds. These 

findings illustrate how hull–propeller interactions 

influence URN. 

Phase IV – Advanced Propulsion Concepts: 

Three advanced propulsion configurations – combinator 

mode, vertical-axis (foil-wheel), and tandem propulsion – 

were modeled to predict GHG emissions and URN. 

Collaboration with academic and industry partners 

provided comparative insights into the potential for low-

noise, energy-efficient ferry operations. This phase 

demonstrates the opportunity for integrated strategies that 

reduce URN while supporting decarbonization objectives. 

 

1.5 Discussion 

Together, these projects illustrate multiple pathways for 

URN mitigation across vessel types, from hull-form 

optimization and advanced propulsion control to 

electrification. Common findings include: 

• Operational profiles matter: Noise generation is 

sensitive to speed, maneuvering, and propeller 

design, highlighting the importance of designing 

for realistic operating conditions. 

• Hydrodynamic interactions are influential: 

Hull–propeller and propeller–rudder interactions 

can significantly affect cavitation and noise, 

underscoring the importance of integrated design 

and modeling. 

By linking full-scale trials, model-scale experiments, and 

numerical simulations, QVI projects provide actionable 

guidance for quieter, more energy-efficient, and lower-

emission vessels. These insights inform design, retrofit 

strategies, and noise-reduction initiatives, advancing 

sustainable shipping while protecting sensitive marine 

ecosystems. 

While these projects span multiple vessel classes and 

mitigation approaches, a consistent theme is the 

importance of propulsion control in managing cavitation, 

propeller loading, and off-design operation. Among the 

strategies evaluated, the integration of controllable-pitch 

propellers with variable-speed electric drives emerges as a 

particularly effective means of aligning URN reduction 

with energy efficiency and decarbonization objectives. 

To examine this pathway in greater detail, the following 

section presents a full-scale case study of BC Ferries’ 

Coastal Class vessels. This case study builds directly on the 

findings summarized above by combining propeller 

redesign and operational analysis, supported by numerical 

modeling and sea trial data. Together, these results provide 

a concrete demonstration of how URN mitigation can be 

embedded into practical retrofit for large commercial 

vessels. 

 

2. BC Ferries VFD Conversion with a New Propeller  

2.1 Overview of the Project 

 

British Columbia Ferry Services Inc. (BC Ferries) operates 

three German-built, Diesel-electric Coastal-class vessels 

(Figure.1): the Coastal Celebration, Inspiration, and 

Renaissance. Launched between 2007 and 2008, these 

ferries were originally optimized for a 21-knot design 

speed on Canada’s west coast with 5.0m propeller 

diameter, four-bladed, ICE-1C propellers designed to 

withstand log strikes and debris. Each vessel has one shaft 

line at each end powered by 11MW motors that run at a 

constant 139.7 RPM, combined with controllable pitch 

propellers (CPP) with full feathering capability at the bow 

during cruising period.  

 

However, the original design point and design philosophy 

were turned into be unmatched with the new operational 

demands and stricter environmental regulations. This made 

operational decision to have a new propulsion system 

through the comprehensive retrofit campaign. Because 

these vessels serve three different routes with slightly 

different required cruising speeds and operation time, the 

original propeller design point only aligns with 60% of 

their actual operation time. This has led to "off-design" 

conditions, such as extended low-speed maneuvering and 

berthing, which were not prioritized in the first design for 

the new build. A primary technical constraint is the existing 

propulsion motors, which are restricted by only one 

operating RPM once it starts with a soft-starter. This forces 

Figure 1: Coastal Class Vessel 



 

the propellers to maintain a constant high RPM even at low 

speeds, with ship’s speed adjusted only through the 

variable pitch operation. 

This mismatch creates an adverse operating condition 

where high RPM and low propeller pitch angles trigger 

excessive face-cavitation, resulting in severe vibration, air-

borne noise, excessive fuel burning, and increased 

underwater radiated noise (URN) at slower speed region 

(less than 15 knots). These conditions threatened the 

integrity of the ship’s structure and critical electronic 

sensors, while the cavitation itself causes accelerated blade 

erosion and mechanical damage to the motor cage-rotor. 

Additionally, the original propeller’s tip clearance to the 

free surface was less than 10% of its diameter, which 

induces ventilation issues during light-load conditions that 

further degrade the efficiency of the propeller. 

The retrofit program aims to resolve these issues by 

integrating a Variable Frequency Drive (VFD), which 

allows for a full range of propeller RPM changes from zero 

to 139 and the implementation of a "Combinator Mode" 

that synchronizes RPM and pitch control. The project also 

introduces a new propeller design with a smaller diameter 

with a new propeller design point at 19 knots. While these 

upgrades are expected to significantly reduce noise and 

erosion, further investigation is ongoing to quantify the 

exact correlation between ventilation, cavitation intensity, 

and overall propulsion efficiency. 

 

2.2 Design Objectives of the New Propulsion System 

Resulting from the experiences and new-findings in 

operation as described before, the new design objects were 

setup as follows:   

- Reduced risk of cavitation induced erosion for low vessel 

speed. 

- Reduce the propeller’s design target speed from 21knots 

to 19.5knots. 

- The propeller was designed to be operated by a newly 

designed combinator mode, which can change the 

propeller pitch and RPM together at each telegraph setting 

from 1 to 10, but maximum RPM is same as before. 

- Reduced propeller diameter to reduce the risk of air intake 

(Propeller Ventilation).  

- Minimize the risk of high fluctuating pressure and reduce 

the chance of propeller cavitation.  

- Omitting ice class requirements for propeller design was 

decided, after finding the damage from the log-strike is rare 

and loss of efficiency due to thicker blade is more 

operational concerns.   

 

2.3 Propeller Design 

The Coastal class vessels were originally equipped with a 

4-bladed, 5m diameter CPP directly connected to the shaft 

line. This propeller was optimized for a vessel speed of 

21kn with a power at abt. 9500kW running at constant 

propeller speed of 139.7rpm. The current propeller design 

has been revised and modified for the new operation point 

focusing on 19kn vessel speed and berthing at low power 

consumption. Resulting on the basic requirements one 

main measure is reducing the propeller diameter to DP = 

4.7m. This results in:  

- Higher propeller pitch during berthing reducing the risk 

of pressure side cavitation. 

- Further tip clearance from the free-surface preventing 

ventilation especially at the lower draft condition.  

 - Removing ice-class requirements based on the operation 

data and increase the efficiency of the blade.  

Additionally, with omitting the ice class requirement for 

the propeller design, a higher pitch angle became possible, 

enabling a smoother cavitation transition and hence further 

reduction of the pressure pulses. To adapt the propeller to 

its new requirements, the main geometry had to be 

modified. Besides the reduction in blade diameter, further 

design elements have been modified to reduce the risk for 

pressure side cavitation to a minimum, while keeping the 

propeller’s efficiency on a high level. 

 

2.4 Propeller Performance Comparison 

Both propellers aim for good efficiency, but the new 

propeller has a different design point which has 19 kn 

design speed at 5.7m draft compared to the original one 

which has 21kts at 5.45m draft condition.   

Figure.2 shows the areas of local pressure below the critical 

vapor pressure, hence a criterion for cavitation inception. 

On the left side, looking on the suction side of the 

propeller, a stable sheet cavitation can be found (magenta) 

together with a certain tip vortex (orange). Looking at the 

lower right result, no pressure side cavitation was found. 

The pressure pulses induced by the present propeller design 

and the new propeller were compared as well and found the 

pressure limits are under thresholds.  

 

 

Figure 2: Cavitation Calculation Comparison 



 

3.Sea Trial Results Comparison 

3.1 Fuel Consumption 

Fuel consumption in a marine vessel is directly 

proportional to the power consumed by the propeller. The 

Coastal class vessels use a diesel-electric configuration 

with four generators providing a total output of 16 MW. 

The electric motor reaches a maximum power output of 11 

MW at a top vessel speed of 22 knots. The installation of a 

VFD reduced the total fuel consumption by approximately 

10 to 12 percent. This significant saving occurs because the 

generated power is used effectively for thrust without 

significant loss from propeller cavitation and reduction of 

the number of running generators during the operation 

hours backed by increment of the system reliability. During 

the docking or berthing operation, the vessel pushes against 

the terminal structure for roughly 25 minutes per each 

sailing to ensure vessel holding same position during 

loading and unloading. This off-design condition occurs 

eight times per day and accounts for 22 percent of the total 

daily operation time. Without a VFD, the power consumed 

during this pushing operation is about 1.5 MW, but this 

requirement drops to 0.7 MW with the VFD operation. By 

setting the propeller pitch at 26 degrees and reducing the 

shaft speed to 45 RPM at the berth, the vessel operates with 

almost no vibration or noise while saving substantial 

amounts of fuel. Additionally, the VFD makes the entire 

electric power distribution system more reliable. The ship 

no longer needs to run four generators when passing 

through the Active Pass water channel (Figure.3). After the 

retrofit, the vessel operates with only three generators 

during the entire crossing without losing operational safety 

or time. 

 

 

 

 

 

 

 

 

 

3.2 Cavitation, Vibration & Noise 

The VFD system also provides a significant reduction in 

vibration on the main car deck during the loading and 

unloading periods. Previously, the propeller operated at a 

fixed 140 RPM with a low pitch angle to generate 

minimum thrust. This configuration caused severe 

vibrations triggered by face cavitation which led to blade 

erosion as well. With the VFD, the propeller now operates 

at approximately 50 RPM with a higher pitch angle. This 

new combinator setting eliminates face cavitation and 

results in almost zero vibration (Figure.4) for the vessel 

with more than 10% fuel saving during berthing operation. 

 

 

3.3 Measured URN Comparison 

 

 

 

Figure.5 illustrates the underwater radiated noise (URN) 

measurement data for three Coastal vessels before and after 

the VFD retrofit. The data shows that noise levels increased 

Figure 3: Active Pass in RT.1 Operation Route 

Figure 4: Vibration Level Changes 

Figure 5: URN Reduction after VFD Operation 



 

as the speed becomes slower and reached almost 200 dB at 

10 knots. Because the propeller maintained a high RPM at 

lower pitch angles, excessive face cavitation is considered 

the main source of these adverse effects. Frequency 

analysis shows that the new VFD system consistently 

produces lower noise levels than the original system at 

frequencies above 100 Hz. However, some data points  

allows the crew to instantly change propeller settings if a 

whale is detected nearby. When the crew activates this 

mode, the pitch and RPM drop immediately to make the 

vessel quieter. This mode reduces the ship speed by about 

1 knot but effectively lowers noise levels by an additional 

2 to 3 dB 

below 100 Hz show slightly higher noise levels compared 

to the original configuration. A new quiet mode button to  

 

4.Conclusion 

 

TC 

• Transport Canada’s Quiet Vessel Initiative has 

demonstrated that there are effective mitigations  

• available to reduce underwater radiated noise 

from vessels. 

• Advances such as novel fishing vessel designs, 

electric tugs, and bespoke propeller designs 

contribute to reducing the impact of vessels on the 

environment. 

 

BCF 

• BCF successfully finished the parametric 

propeller design investigations to understand the 

URN better. 

 

• Using VFD for controllable RPM of the electric 

motor makes the vessel a good decision which 

makes the operation more sustainable and 

financial cost saving. 
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