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INTRODUCTION
The recent entry to service of Foss’s Carolyn Dorothy, 

by Foss Maritime and Aspin Kemp and Associates 

protection for the system. It has received high praise 

winning the Environmental Protection Agency’s 2007 
Clean Air Excellence Award for Clean Air Technology.

technology from concept to reality, Foss and AKA 

CO2, SOX, NOX

matter;

The incorporation of storage batteries also allows 

changes;

BACKGROUND
Aspin Kemp and Associates (AKA) 

competencies in marine and offshore operations and 
a history of marine technology development, AKA has 

Foss Maritime

Coast, Foss also operates two shipyards and offers 
worldwide marine transportation. 

1
2

The Hybrid Tug Reality – The Business Case for Green Technology in the 
Tugboat Industry

Jason Aspin, Aspin Kemp & Associates, Canada
Susan Hayman

SYNOPSIS
As detailed in a paper presented at the 2008 International Tug & Salvage Convention, Aspin Kemp 

Carolyn Dorothy is a reality, we are able to 

This
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THE RATIONALE FOR HYBRID HARBOUR 
TUGS

it gains leverage from the inherent variability 

By comparison, conventional plants can be 

lowest at high engine loads. Above 50 per cent of 

A model combining Foss’s operational statistics with 

diesel engines installed in conventional Dolphin 

higher than at 50 per cent load.

very low power (eg standing by, waiting for pilot’s 

of a large ship) and all points in between (in transit, 

they operate at low engine load most of the time.  

per cent of their time at less than 20 per cent power, 

power. The average main engine load (expressed 

power; however, those episodes tended to be 

carry extremely low loads, where SFC performance 

always have electrical power available to meet 
hotel loads, navigation lights and electronics. 

when a boat is away from the pier.  

variability to provide a significant increase in 
plant efficiency. On the Carolyn Dorothy, the 
hybrid system exploits the SFC differences 
between low and high engine loads to generate 

A NEW REALITY: BUILDING THE WORLD’S 
FIRST HYBRID TUG

a system based on its proprietary XeroPoint hybrid 

The system combines smaller main engines 

and engages its electric motors to provide the 
difference between available engine power and 

conventional Dolphin. To integrate these capabilities, 

to main engines; storage batteries and new cabinets 
containing the power conversion and control 

adaptable for existing vessels, Foss decided to 

vessel at its own shipyard in Rainier, Oregon.   

Figure 1: The hybrid tug under construction (view 
looking aft).
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INTRODUCING: CAROLYN DOROTHY
Carolyn Dorothy, is based 

on the Dolphin class, designed by Robert Allan Limited 

Table 1 Carolyn Dorothy

Figure 2: The world’s 

harbour tug, Foss’s 
Carolyn Dorothy at 
launch.

Figure 3: XeroPoint hybrid system – general arrangement.

PROPULSION AND POWER PLANT 
ARRANGEMENT

3.

to the ASDs, and as generators, when needed to 

power to the ASDs, and as generators, when needed 

charge batteries).  

Main propulsion engines 2 x Cummins QSK50 Tier 2  
1342 kW @ 1,800 rpm 

Main propulsion motor-generators 2 x Siemens type 1LA8, 690vAC 3
900 kW @ 1,800 rpm 

Auxiliary generator sets 2 x Cummins QSM 11 
310 kW 

Storage battery 126 x SBS 12GFT225 
12v 223 A-hr (C8) 

Z-drives 2 x Rolls Royce US205 FP 
Length 23.77m 
Beam 10.36m 
Draft 4.27m 
Bollard pull (ahead) 58 tonnes 
Bollard pull (astern) 56 tonnes 



in Figure 
4 (see end of paper).

within the constraints set by the operational model. For 

s provided by the storage battery system.

Figure 5: Main switchboard/hybrid control system 
showing engine room console.

Pedro Bay to create a model optimised for operators’ 

capability. Vessel performance data collected by 

information from a review of vessel operations, 

analysed for patterns that characterised typical 

operate the system.

Operating modes

conventional. In normal operation the vessel will remain 
in hybrid mode. The conventional mode is available 

control panel.

Conventional mode
Switching from hybrid to conventional is done 

(See Figure 6 at end of paper).

Hybrid mode

Readiness levels

excessive complexity.  Established from operations 
reviews, engine operating data and history, boat activity 

relevant operational scenarios. 

OPERATIONAL DESIGN

and/or main engines1. From an operational point of 

information environment.  

in San 
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Power Flow

transformer. (See Figure 10 at end of paper).

Transit

from Idle sends a command to the EMS to start one 

(See Figure 11 at end of paper).

throttle beyond this setting will immediately start a second 

the second generator is online. 

At this level of readiness the generator(s) will stay online 

vessel’s power demand stays below the available online 

Power Flow

Assist

engine will accelerate to match shaft speed before it is 
engaged. The M/Gs and engines share load to provide 

Figure 12 at 
end of paper).

Power Flow

Figure 7: Hybrid system control panel.

The vessel operator enables the hybrid system to 

Stop is the lowest level of plant readiness; Assist is 

Stop

and remove the throttle reference from the hybrid control 

Figure 8 at end of 
paper).

At this level, power for hotel loads and battery charging 
is provided by shore power. If shore power is not 

Power Flow

Idle

meet throttle setting. (See Figure 9 at end of paper).



Operating Mode/Readiness Level 
HybridDevice

Stop Idle Transit Assist Conventional

ME 1 Off Off Off On On
ME 2 Off Off Off On On
Eng Clutch Open Open Open Closed Closed
Eng Clutch Open Open Open Closed Closed
M/G 1 Off On/Off On On Off
M/G 2 Off On/Off On On Off
Gen 1 Off/On Off/On Off/On On Off/On
Gen 2 Off/On Off/On Off/On On Off/On
DC Bus Hot Hot Hot Hot Cold

MACHINERY CONFIGURATIONS

OPERATING RESULTS
At the time of writing, Carolyn Dorothy has been in 

gathered over a longer term. However, there are 

on the same waterway;

battery state of charge.

COST – BENEFIT ANALYSIS

2

batteries while alongside creates the potential for 

economy. Maintenance cost savings are expected to 

most of the time, the elapsed time between engine 

2

3
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Figure 4: XeroPoint hybrid system – electrical arrangement.
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CONCLUSIONS

pending technology shows considerable promise for 

;
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Figure 6: Conventional mode (DC bus disabled).

Figure 8: Readiness level ‘Stop’.
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Figure 9: Readiness level ‘Idle’.

Figure 10: Readiness level ‘Idle’ or ‘Transit’ (one auxiliary generator).
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Figure 11: Readiness level ‘Transit’ (two auxiliary generators).

Figure 12: Readiness level ‘Assist’.


